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Abstract: Fetal arrhythmias complicate 1% of pregnancies. Although most of them have a benign
and intermittent course, sustained fetal tachyarrhythmias constitute an emerging situation, which
is associated with high fetal morbidity and mortality. However, one of the major milestones in fetal
therapy is the pharmacologic management of fetal arrhythmias by crossing the placental barrier. To
date, there is no consensus on the first-line antiarrhythmic treatment for fetal tachyarrhythmias. The
role of sotalol in therapeutic management, the use of flecainide versus digoxin as first line of treat-
ment, the need for fetal intramuscular treatment administration, or the best treatment in case of fetal
hydrops are situations whose application or management are controversial. The current paper is a
scoping review of observational and experimental evidence, addressing the types of best manage-
ment strategies for each type of tachyarrhythmia and the optimal pharmacological dose, considering
precautions and safety elements. Finally, we will highlight new therapeutic perspectives and future
diagnostic and therapeutic strategies.
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1. Introduction
1.1. Epidemiology

Fetal arrhythmias are diagnosed in 1-3% of pregnancies [1]. Despite this, they ac-
count for up to 20% of consultations related to fetal congenital heart disease in referral
units [1,2]. Among rhythm disorders, fetal tachyarrhythmias affect approximately 0.1% of
pregnancies. However, this percentage may be underestimated because a large number
of tachyarrhythmias are intermittent and may resolve spontaneously, so they are not di-
agnosed [3].

To date, there is no single etiology for the development of fetal arrhythmias. They
have been related to mutations in the GATA4, NKX2-5, TBX3, and TBX5 genes, linked to
cardiac structural development [1,4], ischemia, inflammation, and electrolyte disorders
[5]. More rarely, fetal tachyarrhythmias are associated with cardiac structural abnormali-
ties [5]. We must also differentiate tachyarrhythmias with irregular rhythm fromfetal si-
nus tachycardias caused by fetal conditions such as infection or hypoxia [6], or maternal
conditions such as viral disease during pregnancy [7,8].

1.2. Classification

Although there are many types of classifications, supraventricular tachyarrhythmias
can be divided into supraventricular tachyarrhythmias (SVT), ventricular tachyarrhyth-
mias (VT), and sinus tachycardias. SVT are the most common diagnosis, accounting for
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60% to 90% of cases [9]. Together with atrial flutter, these are the tachyarrhythmias asso-
ciated with the greatest morbidity and mortality.

In SVT, tachycardia usually ranges between 210 and 240 beats per minute, with a 1:1
AV conduction ratio. SVT are divided into atrial tachycardia and conduction system tach-
ycardia. They can be categorized into reentry ventriculoatrial tachycardia (orthodromic
reentrant tachycardia and antidromic reentrant tachycardia), intranodal reentrant tachy-
cardia, and intra-atrial reentrant tachycardia [1,10]. Other less frequent prenatal diagnoses
include permanent junctional reciprocating tachycardia, atrial ectopic tachycardia, and
VT [11]. The most frequent cause is the presence of an accessory pathway between the
atrium and ventricle, allowing retrograde ventriculoatrial (VA) conduction. Because the
accessory pathway usually has a shorter path than the normal atrioventricular (AV) con-
duction, in these cases, the VA interval is reduced. This is the most frequent mechanism,
with a postnatal diagnosis of Wolf-Parkinson-White of up to 10% [12].

Atrial flutter is less common than SVT and tends to occur in the third trimester. It
constitutes 20% of fetal arrhythmias [13] and is defined by a regular, rapid tachycardia of
up to 600 beats per minute, accompanied by varying degrees of AV block, resulting in a
ventricular rate of 210 to 240 beats per minute. This block is usually 2:1 [14]. In this case,
the reentrant circuit is located within the atrium itself. Postnatal evidence with atrial flut-
ter suggests that nearly 20% of fetuses will also have SVT. In both cases, when the arrhyth-
mia persists, up to 40% of cases will develop fetal hydrops [14].

1.3. Hemodynamic Effects and Outcome

Following the diagnosis of a fetal tachyarrhythmia, we can expect a variety of out-
comes, from spontaneous resolution to intrauterine fetal death. Although most fetal tach-
yarrhythmias are benign and transient, there are incessant forms that can result in low
cardiac output, increased central venous pressure, fetal hydrops, fetoplacental circulatory
failure, and fetal death. Therefore, the main prognostic factor is the presence of hydrops
as a marker of heart failure due to fetal tachyarrhythmia [15].

This hemodynamic insult may also have an impact on long-term neurodevelopment
[11], so an appropriate prenatal therapeutic strategy is essential to optimize outcomes. It
is also necessary to assess long-term neurodevelopment in cases in which fetal arrhythmia
has been maintained over time or has conditioned the appearance of hydrops.

The main risk factors for the prenatal development of heart failure are the onset of
tachyarrhythmia before 32 weeks, arrhythmias with an incessant rhythm, and those asso-
ciated with congenital heart disease [6]. Approximately 10% of arrhythmias meet these
criteria [6].

Although an association between fetal growth and the presence of CHD, as well as
preeclampsia and preterm birth, has been suggested, this association has not been estab-
lished for fetal tachyarrhythmias without associated congenital heart disease [16,17].

1.4. Prenatal Diagnosis

Although there are many differences in obstetric care worldwide, in most countries,
at least one ultrasound examination is performed during pregnancy. This allows screen-
ing for fetal arrhythmias, since fetal heart rate determination is one of the basic examina-
tions of any fetal examination. All second- and third-trimester fetal scans include visuali-
zation and documentation of the four cardiac chambers, as well as the outflow tracts and
fetal heart rate. For the complete second-trimester fetal cardiac examination, there are
well-standardized protocols that include assessment of the visceral situs, cardiac position
in the thorax and relative size, cardiac axis, four-chamber view, left and right ventricular
outflow tracts, pulmonary artery, three-vessel view, short- and long-axis view, ductal and
aortic arch, and superior and inferior venae cavae [18]. For the evaluation of fetal heart
rhythm, pulsed-wave spectral Doppler ultrasound is a critical tool [18]. This allows the
identification of any rhythm alteration (bradyarrhythmias, tachyarrhythmias or irregular
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rhythms) and referral to tertiary units for appropriate multidisciplinary management if
necessary, since not all changes in fetal heart rate are pathological.

Fetal tachyarrhythmias are defined by a persistent elevation of the fetal heart rate
above 160 beats per minute. They are usually diagnosed from 20 weeks of gestation, since
the cardiac conduction system is functionally mature from 16 weeks with a regular
rhythm and rate between 110 and 160 beats per minute [19]. Specifically, accessory path-
way reentrant tachycardias, which are among the most common SVT, are usually diag-
nosed between 24 and 32 weeks of gestation [6].

In most cases, they are an isolated finding, being associated with other congenital
heart diseases in up 11% of cases [19,20].

Over the last decades, diagnostic techniques such as fetal electrocardiography and
magnetocardiography have been developed for the diagnosis of arrhythmias. Neverthe-
less, the main tools currently used for prenatal diagnosis of tachyarrhythmias are two-
dimensional ultrasound and M-mode and pulsed-wave Doppler [19]. Although fetal echo-
cardiography is the prime tool for the detection of prenatal tachyarrhythmias, it only ex-
plains its mechanisms partially, so the distinction between different mechanisms of reen-
trant tachyarrhythmias is still a challenge during this period [3].

Pulsed-wave Doppler makes it possible to determine mechanical phenomena and
evaluate atrial and ventricular contractility and their relationship. Although there are dif-
ferent windows for its acquisition, the left ventricular outflow tract is usually used. This
allows us to capture the time it takes for the impulse to travel from the atrium to the ven-
tricle (AV interval), which is the equivalent of the PR interval detected by the electrocar-
diogram (Figure 1).

UGC MEDICINA MATERNO FETAL Tls 0.3

Figure 1. Measurement of the AV interval (PR) by pulsed Doppler in the fetal left ventric-
ular outflow tract.

To classify tachyarrhythmias, the efficacy of AV and VA intervals based on Doppler
echocardiography is inquired [20-23]. Short VA SVT is the typical pattern in reentry tach-
ycardia, while long VA SVT suggests atrial ectopic tachycardia or permanent junctional
reciprocating tachycardia. Regarding this, it is important to highlight that the size of the
fetal atrium is an important factor in the propagation of atrial flutter, achieving its critical
size at around 27-30 weeks of GA [24,25].

Another very useful but not widely used ultrasound method is tissue Doppler echo-
cardiography. This technique makes it possible to determine myocardial mobility and
thus better pinpoint the origin of the arrhythmia, but it requires specialized software for
its analysis [26].
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1.5. Fetal Hidrops

Fetuses with sustained or severe tachyarrhythmia end up suffering heart failure and
fetal hydrops as a pathophysiological representation [27,28], which is reached in 30-40%
of fetuses with SVT and 7-43% in those with atrial flutter (AFL) [14,29] (Figure 2). In the
absence of treatment, intrauterine death occurs in up to 9% of cases [30].

Tls 0.1
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Figure 2. Fetal ascites in the context of hydrops due to fetal tachyarrhythmia.

Prenatal conversion of arrhythmia, a relevant determinant of postnatal outcome, is
more frequent in the absence of fetal hydrops, with fetal hydrops being considered one of
the main factors affecting the effectiveness of treatment [14,31]. In fact, numerous studies
have shown that fetal hydrops are an independent predictor of treatment failure, concern-
ing less placental transfer and increased fetal volume of distribution due to the aforemen-
tioned mechanism [3].

As detailed below regarding treatment, digoxin presents poor transplacental transfer
in presence of hydrops; however, when this resolves, a high dose of previously adminis-
tered maternal digoxin may manifest paradoxically as fetal bradycardia [32,33]. Likewise,
premature labor could be triggered due to increased fetal diuresis in the intra-amniotic
space, causing the appearance of polyhydramnios [32].

2. Treatment of Fetal Tachyarrhythmias
2.1. Fetal Therapy
2.1.1. Time of Treatment

The main goal in the prenatal treatment of fetal tachyarrhythmias is not necessarily
to reverse the arrhythmia but to slow the heart rate in order to improve cardiac output,
reaching a >15% rate reduction [34,35]. Therefore, fetal treatment is usually initiated with
a tachyarrhythmia of at least 12 h of evolution, with a fetal heart rate of 200 beats per
minute or higher and at a gestational age of fewer than 36 weeks, since postnatal treatment
may be considered above that week [36]. Whether the tachyarrhythmia is intermittent or
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sustained also influences the delay in initiating treatment, as sustained forms are less well-
tolerated and often progress to cardiac dysfunction and fetal hydrops.

Benign arrhythmias, such as sinus tachycardia or supraventricular extrasystoles, do
not require prenatal pharmacological treatment. On the contrary, in about 1 in 2500 preg-
nancies, it is necessary to administer antiarrhythmic therapy [37].

2.1.2. Route of Administration

First reported in 1980 [38,39], prenatal therapy is based on the transplacental transfer
of the drug after maternal administration, alone or in combination. This pathway allows
the passage of small molecules of the drug through the placenta. Fetal membranes may
also play an important role here, having enzymes similar to those of the placenta for drug
transfer [40]. Drugs transferring from maternal to fetal blood cross the intervillous space
and pass a barrier of syncytiotrophoblast, fetal connective tissue, and the endothelium of
fetal capillaries [41]. The ability of transplacental transfer depends on blood pH values
(fetal and maternal), placental perfusion, and the properties of the drug (size, protein
binding, etc.).

This raises safety concerns, since a drug is being administered to a healthy mother
for the sole purpose of treating the fetus, subjecting her to the side effects of the drug. For
this reason, we must take the drug’s safety profile into account [42], and we must be ex-
tremely vigilant with regard to controls and follow-up. Nevertheless, it is a safe and effec-
tive strategy for the treatment of fetal tachyarrhythmias, improving survival rate [1], since
conversion to sinus rhythm can be achieved in more than 80% of cases using different
drugs. We must also maintain an optimal level of the drug in maternal blood to avoid
recurrences of fetal tachyarrhythmia.

In case the transplacental route is not effective, there are other alternative therapeutic
routes, such as fetal intramuscular injection and intraumbilical or intraperitoneal instilla-
tion (especially in case of hydrops).

2.1.3. Adverse Effects

Before initiating pharmacological therapy, as we have commented, a physical assess-
ment must be carried out together with a maternal electrocardiogram, as well as evalua-
tion of concomitant treatments due to possible interactions and a family history of heart
disease, among other relevant aspects [6]. It is important to give the most efficient drug at
the lowest possible dose, avoiding as much as possible the risk of maternal morbidity.
Adverse effects frequently appear when the serum digoxin level is greater than 2 ng/mL,
but they are usually mild and self-limited, especially at the gastrointestinal level [42].
However, it is still recommended to monitor electrocardiographic changes and digox-
inemia throughout treatment to prevent serious complications related to its toxicity.

Once the target therapeutic levels are reached together with the control of the fetal
heart rate, weekly fetal echocardiograms are recommended to evaluate treatment failure
due to the possibility of recurrence between 8-15% having been described [6]. However,
there is also no homogeneous consensus on the follow-up protocol. Flecainide and sotalol
do not require monitoring of serum levels. Digoxin is contraindicated in mothers with AV
block, hypertrophic cardiomyopathy, or Wolff-Parkinson-White syndrome.

To our knowledge, no maternal deaths due to pharmacological treatment of fetal
tachyarrhythmias have been reported.

2.1.4. Drug Selection

Prenatal reversion to sinus rhythm before birth improves the prognosis of arrhythmia
[3]. Recent multicenter studies show that with adequate prenatal treatment, survival oc-
curs in 96% of cases [43]. The first-line treatments used for the treatment of fetal arrhyth-
mias are digoxin, flecainide, and sotalol. Despite the growing evidence in this regard,
there are currently no randomized studies that define the superiority of one treatment
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over another [19]. Although there are no standards for drug dosing or the need for loading
doses, the doses and characteristics of the most commonly used drugs for prenatal treat-
ment of fetal arrhythmias are summarized in Table 1.

Table 1. First- and second-line treatments for fetal arrhythmias [37,44].

Drug Transplacental Dosage Efficacy Elimination Side Effects
Load: 375-500 pig/8 h (3 doses)
or 500 ug/12 h (4 doses). . s .
Digoxin  Maintenance: 250-500 pg/12h  50-60% Renal ~ \ausea fatigue, vomiting, sinus brad
ycardia.
(goal: drug levels 1.0-2.5
ng/mL).
100 mg/8 h or 150 mg/12 h. If . . .
Flecainide associated with digoxin, de- 60% Renal Headache, dizziness, visual disturb-
L ances.
crease digoxin dose by 50%
Sotalol 120-160 mg/8-12 h. 50—69 % (80% for Renal Headache, dlzzm_ess, visual dlStl.lI‘b-
atrial flutter) ances, hypotension, bradycardia.
Nausea, thrombocytopenia, photosen-
Amiodarone Load: 600 mg/8 h. 90% Hepatic sitivity, thyroid disfunction (fetal or

Maintenance: 200-600 mg/24 h.

maternal), liver dysfunction, periph-
eral neuropathy/paresthesia.

Management of SVT should be individualized considering maternal and fetal factors.
The decision should be made jointly by the fetal cardiology team (usually consisting of
fetal medicine specialists and pediatric cardiologists) and the obstetrics team to determine
the best treatment strategy, as well as the timing and route of delivery. A pediatric cardi-
ologist should be an integral part of the management team. This also allows a better tran-
sition from fetal life to the postnatal stage, ensuring adequate continuity of care.

The choice of antiarrhythmic therapy, as well as the criteria for management in case
of failure of the initial medical treatment, are controversial. Even though digoxin is the
most widely used antiarrhythmic drug and has a better-known safety profile, adminis-
tered both orally and intravenously, since 2002, there has been discussion about its use as
first-line treatment, since it has been proven that drugs such as flecainide seem to have
greater efficacy in the control of fetal STV [38], as reported in the meta-analyses by Hill et
al. (2017) and Alsaied et al. (2017). However, sotalol, flecainide, and amiodarone have been
used as second-line therapy [14,31], taking into account that amiodarone has a more sig-
nificant maternal and fetal toxicity profile [37]. A recent meta-analysis compared the anti-
arrhythmic effect of transplacental administration of digoxin, flecainide, and sotalol as
first-line drugs. In this study, flecainide (OR: 1.4, 95% CI: 1.1-2.0, 12 = 60%, p = 0.03) and
sotalol (OR: 1.4, 95% CI: 1.1-2.0, I2 = 30%, p = 0.02) were superior to digoxin for the con-
version of fetal tachyarrhythmia. In fetuses with hydrops, the benefit over digoxin was
more notable for both flecainide (OR: 5.0, 95% CI: 2.5-10.0, 12 = 0%, p < 0.001) and sotalol
(OR: 2.5,95% CI: 1.7-5.0, 12 = 0%, p < 0.001) [45].

Due to the familiarity with its use, and considering not the current evasion but a his-
torical perspective, digoxin continues to be used as the first line of treatment in many cen-
ters, adding other treatments to the protocol in case of poor control [43]. Serum digoxin
levels in the fetus are between 60% and 80% of maternal serum levels in a fetus without
hydrops [46,47]. Serum digoxin levels in the nonhydrops fetus are usually much lower
and do not reach the optimal therapeutic level [47]. Thus, while in the nonhydrotropic
fetus it may be considered the treatment of choice, conversion rates in hydrotropic fetuses
with SVT are low [14]. Furthermore, digoxin is not effective in the case of ectopic atrial
tachycardia and permanent junctional tachycardia [32]. It has also been described that the
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conversion time to sinus rhythm can be up to 14 days, being ineffective due to its poor
placental transfer to the fetus in a higher percentage in the presence of hydrops. The bio-
availability from the gastrointestinal tract is 70-80% and is metabolized in the liver and
excreted by the kidneys (50-70% unchanged) [48,49].

Its success rate increases notably in the case of associating direct fetal therapy
through fetal intramuscular administration of digoxin under ultrasound control [11].
Faced with this, in the presence of hydrops, both sotalol and flecainide are considered to
have a good placental transfer capacity, which is why they should be used as first-line
treatment [34]. Some authors use flecainide in combination with digoxin in cases of non-
response to digoxin monotherapy [14]. Furthermore, unlike digoxin, both sotalol and
flecainide accumulate in amniotic space, increasing the efficacy of long-term treatment
[50,51]. Fetal levels of flecainide are ~50% of maternal levels in the absence of fetal hydrops
[52].

Sotalol is the first-line treatment in many centers [23]. Transplacental transfer of the
drug is superior to digoxin, reaching fetal serum levels similar to maternal levels 2—4 h
after administration. It is considered the treatment of choice in cases of ectopic atrial tach-
ycardia and permanent junctional tachycardia, as well as in the hydropic fetus. In addi-
tion, its combination with digoxin can be very effective in the treatment of atrial flutter
[31]. The administration of sotalol is accompanied by monitoring of the maternal QT in-
terval. Oral bioavailability of sotalol ranges from 89 to 100%. The drug is not metabolized
by the liver and is excreted by the kidneys (80-90% unchanged) [48,49]. For sotalol, the
ratio of fetus-to-maternal blood level was found to range from 1.07 to 1.11 [43,51].

Direct access through the umbilical cord carries an added risk to treatment. Some
studies estimate a risk of death up to 50% higher in direct treatment in the umbilical cord
versus transplacental treatment [53]. Transplacental administration does not always
achieve adequate efficacy, requiring higher maternal doses or even the addition of several
simultaneous drugs to control fetal tachyarrhythmia. Direct intramuscular injection can
be repeated every 12 h until three doses are reached, in association with maternal treat-
ment [30].

In case of failure to achieve reversal with first-line drugs, we should consider the use
of other drugs. There is no clear consensus in the literature on how long we have to wait
to explore the possibility of using second-line drugs, although in general it is advisable to
wait a minimum of 48 to 72 h. There is also no consensus when deciding whether to add
this second treatment to digoxin or to discontinue treatment with digoxin to start with the
second-line drug. Finally, the decision will depend on whether or not there has been an
initial response to digoxin, even if only partial. Although some authors consider
flecainide, sotalol, and amiodarone to be second-line drugs at the same level, the current
evidence obliges us to consider only amiodarone in this subgroup.

Amiodarone is a highly useful drug in cases of tachyarrhythmia refractory to first-
line drugs [53,54]. However, its use should be limited and very controlled, since due to its
long half-life, cases of neonatal hypothyroidism linked to its use have been detected
[55,56]. Moreover, unlike other much faster-acting drugs, such as sotalol, amiodarone can
take six days to convert.

In our review, we found no restriction on the use of first-line drugs in relation to fetal
weight or gestational age. Due to the prolonged half-life of amiodarone, tapering before
delivery has limited benefits. Before 30 weeks, when first-line therapy fails, the risk asso-
ciated with the use of amiodarone to prevent the birth of a preterm hydrotropic fetus may
be accepted.

It is always advisable to suspend maternal intake of factors known to be linked to the
onset of fetal arrhythmias, such as smoking, excessive caffeine consumption, and beta-
mimetics, if possible.
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2.2. Mode and Time of Delivery

When tachyarrhythmias produce significant hemodynamic fluctuations refractory to
prenatal medical treatment, it can sometimes lead to preterm delivery for postnatal treat-
ment, although prenatal drug treatment is usually attempted up to 36 weeks. Difficulty in
fetal monitoring due to fetal tachyarrhythmia requires a cesarean section in cases where
it has not been controlled by fetal treatment. This leads some groups to consider not insti-
tuting prenatal therapy when the diagnosis occurs above 36.0 weeks of pregnancy. How-
ever, other authors consider the initiation of prenatal treatment even at term gestation,
since control of fetal arrhythmia allows vaginal delivery. In addition, in the event of birth,
the effective antiarrhythmic drug processing capacity of the placenta and maternal circu-
lation is exchanged for drug processing by the infant’s liver and kidneys [57].

Therefore, based on current evidence, we consider that in the absence of fetal hy-
drops, if the arrhythmia has been controlled with transplacental medical treatment, it is
advisable to attempt to go to term to avoid prematurity complicating the condition. In the
case of term diagnosis, initiation of treatment prior to delivery could improve neonatal
care and the possibility of faster cardioversion.

The presence of hydrops, despite being an ominous marker of fetal heart failure, in-
vites us to consider deferring delivery planning until the arrhythmia is controlled, even
beyond 36.0 weeks. If the arrhythmia is resistant to treatment, assessing the gestational
age, the evolution of the hydrops, and the degree of cardiac involvement, it is considered
that if the secondary risk to prematurity is lower than carrying out a new line of treatment,
it would be indicated to perform a cesarean section [3]. This is because control of arrhyth-
mia and a reduction in hydrops in fetal life allows better postnatal respiratory manage-
ment [37].

2.3. Future Perspectives in Fetal Therapy

In drug refractory cases, and especially in the presence of hydrops, direct fetal ther-
apy should be considered in most of the cases associated with the previous one. In-
traumbilical and intracardiac injections, as well as intraperitoneal, intra-amniotic, and in-
tramuscular injections, are already known and used. The first group can achieve a rapid
therapeutic response by directly accessing the fetal circulation, which has a risk of fetal
traumatic injury, taking into account that several studies have reported increased mortal-
ity (up to 25-50%) in fetuses treated directly through the cord versus intramuscular injec-
tion [5,33]. The second group is considered safer: while the intraumbilical administration
of antiarrhythmic agents can be performed under ultrasound control, with the drawback
of the technical difficulty presented by the fetal position, direct intramuscular administra-
tion has more usage experience, but it has been associated with sciatic nerve injury in 1 in
20 cases when the drug is injected into the thigh or buttocks. There are cases describing
the use of intraperitoneal and intra-amniotic amiodarone injections in the treatment of AF
[58].

Intravenous administration of digoxin, as well as the combination of fetal intramus-
cular and maternal intravenous routes, have also been tested for reversal of fetal tach-
yarrhythmia. Although there is no strong evidence in this regard, the data indicate that
there may be a shorter time to reversion to sinus rhythm [33].

On the other hand, intrauterine transesophageal stimulation [3,59] has been de-
scribed through the placement of a fetal asynchronous esophageal pacemaker with a bi-
polar esophageal pacing electrode (FIAB Esokid 4S, Florence, Italy) placed behind the left
atrium for the treatment of fetal atrial fibrillation, performed fetoscopically. Immediate
cardioversion to sinus rhythm was shown [34], without recurrence.

Likewise, the use of the percutaneously implantable fetal pacemaker is under inves-
tigation, with successful results during the animal experimentation process [1,60,61]. It is
a miniaturized and self-contained cardiac pacemaker based on the following mechanism
described by Loeb et al. [61]: “A corkscrew electrode made from activated iridium can be
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screwed into the myocardium, followed by release of the pacemaker and a short, flexible
lead entirely within the chest of the fetus to avoid dislodgement from fetal movement”. It
has produced successful results during the animal experimentation process.

With all this, there are open lines of research regarding fetal therapy for fetal tach-
yarrhythmias, with the aim of improving the prognosis and reducing the morbidity and
mortality associated with them, especially in the presence of hydrops, refractoriness of
arrhythmia, and development of fetal heart failure. In addition, more research related to
drug pharmacokinetics and the role of ion channels is needed to improve prenatal treat-
ment protocols.

3. Conclusions

In fetal tachyarrhythmias, transplacental treatment is usually initiated with an ar-
rhythmia of at least 12 h of evolution, fetal heart rate of 200 beats per minute or higher,
and gestational age of fewer than 36 weeks, since postnatal treatment may be considered
above that week. The first-line treatments used for the treatment of fetal arrhythmias are
digoxin, flecainide, and sotalol through maternal administration (transplacental therapy),
but there are no randomized studies that define the superiority of one treatment over an-
other. Likewise, in cases refractory to said therapy and/or in the presence of hydrops, di-
rect fetal therapy can be chosen, particularly highlighting the administration of fetal in-
tramuscular digoxin in combination with transplacental therapy, which seems to improve
perinatal outcomes. However, more studies are needed to determine the efficacy of other
routes of administration.

The choice of management protocol provided depends of the type of arrhythmia, the
time of evolution, the presence of hydrops fetalis, maternal comorbidities, and the expe-
rience of the team and the center with the drug. With all this, it is necessary to continue
progressing in the lines of research mentioned, as well as to try to standardize the treat-
ment and follow-up protocols for this fetal pathology, to improve its prognosis and peri-
natal results.
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