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Effectiveness of Sotalol as First-Line Therapy for Fetal
Supraventricular Tachyarrhythmias

Amee Shah, MD?, Anita Moon-Grady, MD?*®, Neil Bhogal, BSc?, Kathryn K. Collins, MD?,

Theresa Tacy, MD?, Michael Brook, MD?, and Lisa K. Hornberger, MD™*

Fetal supraventricular tachycardia (SVT) and atrial flutter (AF) can be associated with
significant morbidity and mortality. Digoxin is often used as first-line therapy but can be
ineffective and is poorly transferred to the fetus in the presence of fetal hydrops. As an
alternative to digoxin monotherapy, we have been using sotalol at presentation in fetuses
with SVT or AF with, or at risk of, developing hydrops to attempt to achieve more rapid
control of the arrhythmia. The present study was a retrospective review of the clinical,
echocardiographic, and electrocardiographic data from all pregnancies with fetal tachy-
cardia diagnosed and managed at a single center from 2004 to 2008. Of 29 affected
pregnancies, 21 (16 SVT and 5 AF) were treated with sotalol at presentation, with or
without concurrent administration of digoxin. Of the 21, 11 (6 SVT and 5 AF) had
resolution of the tachycardia within 5 days (median 1). Six others showed some response
(less frequent tachycardia, rate slowing, resolution of hydrops) without complete conver-
sion. In 1 fetus with a slow response, the mother chose pregnancy termination. The 5
survivors with a slow response were all difficult to treat postnatally, including 1 requiring
radiofrequency ablation as a neonate. One fetus developed blocked atrial extrasystoles after
1 dose of sotalol and was prematurely delivered for fetal bradycardia. Three grossly
hydropic fetuses with SVT showed no response and died within 1 to 3 days of treatment.
In conclusion, transplacental sotalol, alone or combined with digoxin, is effective for the
treatment of fetal SVT and AF, with an 85% complete or partial response rate in our
series. © 2012 Elsevier Inc. All rights reserved. (Am J Cardiol 2012;109:1614-1618)

Sotalol, a safe and effective antiarrhythmic in pediatric
and adult patients, is also useful in fetuses. Sotalol has been
used as a second-line agent to treat fetal supraventricular
tachycardia (SVT) with mixed results.'™ In 2000, Oudijk et
al® reported discouraging results with sotalol in the treat-
ment of fetal SVT because of the high fetal mortality asso-
ciated with treatment. However, 3 of the 4 nonsurviving
fetuses were grossly hydropic at presentation, a factor that
likely contributed to their death. The same group subse-
quently documented good transplacental pharmacokinetics
for sotalol® and suggested, despite their earlier experience,
that sotalol is still a reasonable choice for second-line fetal
SVT therapy. Additionally, in studies of small cohorts of
patients, sotalol appeared to have reasonable success in
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treating both fetal atrial flutter® and long ventricular-atrial
(VA) SVT,” 2 conditions for which digoxin alone is gener-
ally ineffective. These encouraging studies suggested that
sotalol might be a good first-line medication for the treat-
ment of these fetal arrhythmias. As a step toward determin-
ing the efficacy of sotalol as first-line therapy in the treat-
ment of fetal SVTs, we retrospectively reviewed our
experience managing fetal SVT and atrial flutter (AF) in a
single center in which sotalol as first-line therapy was the
preferred approach.

Methods

This was a descriptive retrospective study of all consec-
utively encountered pregnancies with fetal SVT evaluated
and managed in our combined fetal cardiovascular program
at the University of California, San Francisco, and Univer-
sity of California, Davis, from July 2004 to July 2008. The
human subjects committees at both institutions approved the
present study. Fetuses referred for tachycardia (>180 beats/
min), who were found to have ventricular tachycardias,
characterized by AV dissociation with ventricular rates in
excess of the atrial rates, were excluded. The treatment
protocol used by our fetal cardiovascular program is out-
lined in Figure 1. After a diagnosis of fetal SVT or AF, and
before the initiation of sotalol, the pregnant mothers under-
went a baseline electrocardiogram (ECG) with or without an
echocardiogram and an adult cardiology consultation. Con-
traindications to sotalol administration included a maternal
history of cardiac disease with dysfunction, maternal bra-
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Figure 1. Treatment algorithm for fetal tachycardias at our institution. CHF = congestive heart failure.

dycardia, and/or prolonged QTc. QTc-prolonging medica-
tions were discontinued, including antiemetics. The mothers
were admitted to a nontelemetry bed on the obstetrical ward
and had continuous fetal heart rate monitoring (or intermit-
tent fetal heart rate monitoring 2 to 4 times daily, if pre-
viable or if continuous monitoring was not feasible). The
mothers were kept under observation during the initiation of
sotalol or sotalol and digoxin therapy (digoxin added either
at the treating physician’s discretion or if it was believed
that the 8 blockade effect of sotalol would be detrimental in
the context of overt fetal ventricular dysfunction). The dose
of sotalol was increased after 48 hours if there was no or a
minimal change in the frequency of SVT events. After
initiation of sotalol (and after each dose adjustment), ma-
ternal ECGs were performed to assess the QTc intervals
through the first 5 doses to exclude significant prolongation
of maternal QTc. Serum electrolytes were monitored daily
during the initiation and adjustment of sotalol, and potas-
sium and magnesium supplementation were given orally as
needed to maintain normal levels. Fetal echocardiography
was repeated if a change occurred in the baseline rhythm.
Routine biophysical profiles were not performed; however,
obstetric ultrasound scans or echocardiograms were done
daily or every other day for evaluation of effusions while
the fetuses were in tachycardia.

The maternal medical records were reviewed to docu-
ment the gestational age at the diagnosis of fetal SVT or AF,
treatment course, time to response, and any other pertinent
pregnancy history, including maternal side effects. The
postnatal medical records of the infants were reviewed to
assess for postnatal arrhythmias, to confirm the tachycardia
mechanism, the treatment course, the response to treatment,
and the presence or absence of structural heart disease. Fetal
echocardiograms were retrospectively reviewed by 2 expe-
rienced fetal and pediatric cardiologists to evaluate the

Figure 2. Spectral Doppler ultrasound through SVC and ascending aorta
demonstrating long VA interval on fetal echocardiogram.

mechanism of the tachycardia, to assess for hydrops, and to
evaluate for structural heart disease. SVT and AF were
diagnosed using standard M-mode and Doppler techniques.®
The mechanism of SVT in the fetus was defined according
to Doppler-derived atrial and ventricular flow onset inter-
vals, as previously described by Fouron et al’ (Figure 2).
Hydrops was defined as the presence of =2 of the follow-
ing: ascites, pericardial effusion, pleural effusions, and skin
edema. Pregnancies were defined as at risk of congestive
heart failure using the observations of Naheed et al'® and
included a diagnosis of SVT or AF that presented before 32
weeks gestation, incessant SVT (>50% of the examina-
tion), and the presence of structural heart disease.

An electrophysiologist reviewed all maternal ECGs per-
formed before and after treatment onset, from which the
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Table 1
Prenatal demographics (n = 21)

Demographics Value

Gestational age at diagnosis (weeks)

Mean 25
Range 17-35
Hydrops 8 (38%)

Type
Atrial flutter 5 (24%)
Supraventricular tachycardia 16 (76%)
Short ventriculoatrial interval 2
Long ventriculoatrial interval 7
Equal intervals 4
Indeterminate intervals 3
Medication
Sotalol alone 9 (43%)
Sotalol with digoxin 12 (57%)
Sotalol with other medication* 3 (14%)

* Sotalol and digoxin were discontinued and other antiarrhythmic agents
were tried.

maternal heart rates and QTc intervals were recorded. Infant
ECGs, Holter monitor reports, and electrophysiologic stud-
ies were also reviewed to confirm the mechanism of tachy-
arrhythmia and evaluate the response to treatment.

Descriptive statistics, including the mean, median, and
range, are reported. The gestational age at diagnosis, tachy-
cardia mechanism and rate, and the presence or absence of
hydrops were compared among rapid responders, partial or
slow responders, and nonresponders to sotalol.

Results

A total of 29 pregnancies presented to our fetal cardio-
vascular program from July 2004 to July 2008 with fetal
tachycardia, none of which had received previous treatment.
Of these 29, 21 were treated with sotalol as per the de-
scribed protocol, and the remainder were either treated with
digoxin alone or were managed expectantly owing to inter-
mittent nature of the tachycardia or diagnosis near term. In
4 nonhydropic fetuses, sotalol and digoxin were used at
onset of treatment at the discretion of the involved fetal
cardiologist, thus not fully conforming to the outlined pro-
tocol. Of the 21 treated with sotalol or sotalol and digoxin
together, the gestational age at diagnosis of the fetal tachy-
cardia ranged from 17 to 35 weeks (median 25). The mech-
anisms of tachycardia among treated patients included AF
in 5 and SVT in 16. Of those with SVT, most had docu-
mented long VA intervals (Table 1).

The maximum sotalol dose among the treated pregnant
women ranged from 80 mg 2 times/day to 240 mg 3 times/day.
Of those who received sotalol therapy, 12 also received
digoxin, including 8 who presented with fetal hydrops. Of the
4 others who did not have hydrops, 2 were given an oral
digoxin load and then maintenance digoxin dose was started 1
to 2 weeks after the onset of sotalol therapy for synergistic
control of the tachycardia, because they had a good response to
sotalol but still had brief, intermittent episodes of SVT. Two
patients received an intravenous load (1 mg total in divided
doses) followed by oral maintenance digoxin simultaneously
with the sotalol, according to the referring cardiologist’s pref-
erence, as did the 8 who presented with hydrops.

The patients were divided into rapid responders, partial
responders, and nonresponders to sotalol therapy (Figure 3).
All fetuses with AF were rapid responders; however, the
other mechanisms of SVT were represented equally among
the responders, partial responders, and nonresponders. One
fetus was delivered emergently at 27 weeks for fetal “bra-
dycardia” (average ventricular rate 70 beats/min) after the
first dose of sotalol, although on retrospective review of the
images, this likely represented blocked atrial extrasystoles.
Of the 20 others, 11 had a rapid response, with 10 having
full resolution of the tachycardia within 5 days of therapy
(median 2), and 1 had significant rate slowing to within the
normal sinus rhythm ranges. Six patients (including three
with hydrops) were slower to respond or had only a partial
response (less frequent SVT in 3 and partial or complete
resolution of fluid collections in 3), with a median interval
to response of 2 weeks after the onset of therapy. With a
desire to completely control the SVT, 3 of these 6 slow/
partial responders were given an additional medication
(amiodarone in 2 and flecainide in 1), with subsequent
conversion. In 1 other with a partial response, the mother
chose pregnancy termination. Three grossly hydropic fe-
tuses with SVT showed no response to the sotalol and
digoxin combination and died within 1 to 3 days of the onset
of treatment with these medications.

Eight treated fetuses had documented arrhythmias post-
natally. Three of these infants were rapid responders in
utero. The SVT mechanism was correctly predicted by the
VA and AV interval assessment, with 1 infant with perma-
nent junctional reciprocating tachycardia (long VA in
utero), 1 with ectopic atrial tachycardia (long VA in utero),
and 1 with AV node reentry tachycardia (short VA in utero).
All 5 live-born fetuses with more difficult to treat SVT in
utero (slow or partial responders) have had SVT that has
been a challenge to treat after birth: 4 had AV reentry
tachycardia (1 with Wolff-Parkinson-White syndrome and
the others with concealed pathways), and 1 had permanent
junctional reciprocating tachycardia. No fetus with AF had
tachycardia postnatally.

Neonatal ECGs performed within the first 12 hours of
delivery (for those delivered at our institution) demonstrated an
average heart rate of 131 = 13 beats/min (range 108 to 152,
n = 11) and an average QTc among the treated infants of
435 £ 47 ms (range 380 to 550, n = 11) seen on the ECGs
performed within 1 day of birth. The infant with a QTc of 550
ms was observed without sotalol and experienced normaliza-
tion of the QTc within several days. None of the fetuses or
neonates developed torsades during sotalol therapy.

The maternal symptoms during sotalol therapy included
nausea, dizziness, and fatigue in 4 mothers who were con-
comitantly taking digoxin. Two of the 4 had the sotalol
discontinued because of suboptimal control of fetal SVT
and were administered other antiarrhythmic medications
with no reported changes in maternal symptoms. The base-
line QTc of the mothers before therapy was 418 * 29 ms
(range 360 to 460, n = 19). The average QTc interval with
the maximum dose of sotalol was 425 = 30 ms (range 370
to 480, n = 19). No mothers developed torsades during
sotalol therapy. In no cases was sotalol discontinued be-
cause of maternal side effects.
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Figure 3. Response to treatment and type of fetal SVT.

Discussion

The present study has demonstrated rapid conversion and/or
control of supraventricular tachyarrhythmias in the fetus using
sotalol or sotalol combined with digoxin as first-line therapy.
In our experience, 85% of treated fetuses demonstrated im-
provement or resolution of the tachyarrhthmias, with 5 of 8
hydropic fetuses demonstrating resolution of hydrops. Of the
fetuses that showed no response to sotalol therapy, all were
grossly hydropic at presentation. We also demonstrated a
100% rapid response rate in the subset of patients with AF. All
our findings were comparable to the success reported in other
much smaller cohorts of pregnancies treated with sotalol as
first-line therapy”'' and have demonstrated that sotalol or
sotalol combined with digoxin is safe and effective first-line
treatment of fetal SVTs.

Sotalol use has typically been indicated as a second-line
agent in the treatment of long VA tachycardias®’ and
AF®'"12 in utero. We documented the mechanism of tachy-
cardia in most fetuses, and although we found it of interest
to have a better sense of the mechanism of therapy, our
treatment strategy and the clinical outcomes with sotalol
therapy were not influenced by the knowledge of the mech-
anism. No previous report has documented the assessment
of the SVT mechanism using Doppler-derived AV and VA
intervals and their management outcomes outside of that
reported by Fouron et al.” In their cohort, the fetuses with
AF and short VA tachycardias were treated with digoxin
and those with long VA tachycardias with sotalol with an
89% conversion rate according to their respective therapies.
In our group, all 5 fetuses with AF had a quick and complete
response to sotalol. With respect to the other mechanisms of
SVT, we did not observe a significant difference in the
response to sotalol. We did observe that those fetuses who
were more difficult to treat prenatally were also more dif-
ficult to treat postnatally with any antiarrhythmic therapy.
The SVT mechanism in utero, although important for the
postnatal prognosis, might, therefore, not be critical to med-
ical management during pregnancy, because sotalol was
effective in all groups.

Despite its common use in infants and children with SVT
and AF, the reluctance to use this medication in pregnant
women has largely stemmed from its additional class III
effects, which result in its potential proarrhythmic effect
associated with QT prolongation. However, in our experi-
ence and in the experience of other groups,” QTc prolon-
gation typically does not occur, even at very high doses in
pregnant women. Given the potential risk, however, it re-
mains advisable to be vigilant, not only in excluding ma-
ternal contraindications to sotalol treatment before initia-
tion, but also in monitoring for electrocardiographic
disturbances during loading and dose adjustments and
avoiding the simultaneous use of QTc-prolonging agents,
particularly certain antiemetics. We did document some
lesser side effects (possibly associated with the 3-blockade
properties of sotalol) in some women, including lighthead-
edness and nausea, but none were so severe as to necessitate
discontinuation of the drug.

With respect to the risks of sotalol to the fetus, although
an initial report suggested a high fetal demise rate associ-
ated with sotalol use, most of these fetuses were grossly
hydropic with demise with or without a response.” In a
review of their large, single-center experience, Simpson and
Sharland'® observed a 9% to 10% mortality of hydropic
fetuses with SVT or atrial flutter, despite successful con-
version with other antiarrhythmic medications, including
digoxin, flecainide, verapamil, and amiodarone.”®> One
might conclude from these observations that the severity of
fetal heart failure, rather than the medication, might be the
most important culprit in their demise. However, given the
lack of data regarding the effects of sotalol on fetal conduc-
tion (i.e., fetal magnetocardiography or electrocardiogra-
phy, which might have contributed to the management of
these fetuses) and potential myocardial depression from the
drug, we could not completely exclude a direct role of
sotalol in these fetal deaths.

Our observation that 5 hydropic fetuses experienced
complete recovery after successful conversion provides
strong support for achieving control of the tachyarrhythmia
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among affected pregnancies as soon as possible to reverse
or prevent hydrops in at-risk fetuses. A previous report cites
a median response time of 14 days with digoxin therapy
alone'*; however, in our series, most fetuses had rapid
conversion or rate control within 1 to 5 days of the onset of
therapy with sotalol.

Our results have demonstrated that the efficacy of sotalol
in treating fetal atrial arrhythmias is similar to, or better than
that with, other drugs reported in published data but with
advantages in administration and a better safety profile.
Regarding the transplacental delivery of the drugs, the fle-
cainide levels in fetal serum, even in the presence of hy-
drops, seem to be similar to maternal levels,'” and placental
transfer of sotalol has also been shown to be excellent.”'®
Flecainide has been shown to be effective in controlling
tachycardia and leading to the resolution of hydrops in this
population, with conversion rates >80% reported in several
small series either with flecainide as a first-line or second-
line agent after digoxin therapy.'*'>'"!® The interval to
conversion to sinus rhythm that we observed for sotalol is
similar to that suggested in the published data for flecainide.
Allan et al'” reported conversion by 48 hours after the
initiation of flecainide in most patients (9 of 12); however,
Krapp et al'® later demonstrated a 5-day mean (range 0 to
14) interval to conversion after flecainide was initiated in a
group of 19 patients already being treated with digoxin.
With respect to safety, sotalol requires only electrocardio-
graphic monitoring for QT prolongation, and flecainide re-
quires periodic serum levels to evaluate for potential toxic-
ity in addition to serial ECGs. Conversion with amiodarone
therapy (in addition to digoxin and in some cases as a third
agent) has been reported to be similarly effective, with a
mean of 6 days (range 2 to 21) in a study population,
including both fetal atrial and ventricular tachycardias.'® It
was very effective with SVT (converting 14 of 15) but was
much less successful in atrial flutter (only 3 of 9). Amioda-
rone, however, has a very serious side-effect profile, includ-
ing reports of biochemical fetal hypothyroidism in several
of these fetuses in this series'” and cases of clinical hypo-
thyroidism requirin§ gostnatal thyroid replacement therapy
in 3 other studies.?’~?? Sotalol, therefore, is a much more
desirable medication to treat fetal tachyarrhythmias than
either flecainide or amiodarone.

Our retrospective review had several limitations. Sotalol
did not immediately control tachycardia in all of our fetal
patients and at least for the 3 partial responders requiring
additional medications, one could argue these represented
unsuccessful attempts at treatment with sotalol. The simul-
taneous initiation of sotalol and digoxin in the treatment of
4 patients without hydrops and 8 with hydrops made it
difficult to be absolutely certain of the role of sotalol sep-
arate from digoxin in the SVT treatment of these patients.
The present study was not a randomized trial of sotalol and
digoxin, which would have demonstrated the different ther-
apeutic profiles of the antiarrhythmics more effectively, and
we did not routinely treat with any other antiarrhythmics
(i.e., flecainide), limiting our ability to comment regarding
the ideal first-line agent. Given the rarity of fetal SVT and
AF, a randomized study comparing different antiarrhythmic
agents would require a multicenter design but might be the

only manner in which to truly demonstrate the best method
to treat these fetuses, especially the sickest ones.
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