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Abstract

Background: Atrial flutter is a rare condition in pediatrics that usually occurs as a late complication after surgery for congenital heart
diseases, although it can also appear in structurally normal hearts. Clinical cases: We conducted a retrospective study of cases of
atrial flutter with no structural heart disease diagnosed in a pediatric population (between 0 and 15 years of age) during 2015-2021
in a tertiary hospital. A total of seven cases were diagnosed, with a clear predominance of males (6/7). Of the seven patients, five
debuted in the perinatal period: two were diagnosed at 20 and 36 hours of life, and three, prenatally. Among these perinatal cases,
more than half (3/5) were preterm. The treatment was electrical cardioversion. The evolution was satisfactory in these cases, and
there were no tachycardias in their subsequent development. In contrast, when the debut occurred at a later age (5-7 years), it was
associated with channelopathy (Brugada syndrome and catecholaminergic polymorphic ventricular tachycardia), and electrical abla-
tion of the ectopic focus was required due to poor response to pharmacological treatment. Conclusions: This study confirms the low
incidence of this pathology in pediatrics and the benignity and good prognosis of neonatal flutter in most cases. The prognosis
worsens when atrial flutter is diagnosed in older children, and the probability of concomitant associated heart disease increases.
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Flutter auricular sin cardiopatia estructural en pediatria: una revision retrospectiva de
casos en el Hospital Infantil Miguel Servet, Zaragoza, Espana

Resumen

Introduccion: E/ flutter o aleteo auricular es una patologia poco frecuente en pediatria que suele presentarse como com-
plicacion tardia tras la cirugia de cardiopatias congénitas, aunque también puede aparecer en corazones estructuralmente
normales. Casos clinicos: Se llevé a cabo un estudio retrospectivo de los casos de flutter auricular sin cardiopatia estruc-
tural diagnosticados en una poblacion pedidtrica (entre 0 y 15 afios de edad) durante el periodo 2015-2021 en un hospital
terciario. En total fueron diagnosticados siete casos, con un claro predominio de varones (6/7). De los siete, cinco debutaron
en periodo perinatal: dos fueron diagnosticados a las 20 y 36 horas de vida y tres de ellos, prenatalmente. Entre estos casos
perinatales, mds de la mitad (3/5) fueron pretérmino. El tratamiento fue la cardioversion eléctrica. La evolucion fue satisfac-
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toria en estos casos, y no se presentaron taquicardias en su evolucion posterior. Por el contrario, cuando el debut se pro-
dujo en edades posteriores (5-7 afios), se asocio con canalopatia (sindrome de Brugada y taquicardia ventricular polimor-
fa catecolaminérgica) que requirio de una ablacion eléctrica del foco ectdpico por escasa respuesta al tratamiento
farmacoldgico. Conclusiones: En este trabajo se confirma la baja incidencia de esta patologia en pediatria, ademas de la
benignidad y el buen prondstico de flutter neonatal en la mayoria de casos. Cuando el diagndstico se realiza en nifios
mayores, el prondstico empeora, y aumenta la probabilidad de presentar de forma concomitante cardiopatias asociadas.

Palabras clave: Flutter. Pediatria. Cardioversion.

Introduction

Arrhythmias are uncommon in pediatrics. However,
they occur more frequently during the first days of life
due to the period of relative electrical instability'. They
are more frequent in preterm newborns, with episodes
of sinus bradycardia and junctional escape rhythms,
and do not usually require treatment. Acquisition of an
electrocardiogram (ECG) during the episode is crucial
for diagnosis?.

Atrial flutter has a low incidence in children. It is char-
acterized by a rapid atrial rate of approximately 300
beats per minute (bpm) or more and distinctive “saw-
tooth” P waves, called F waves®.

Although atrioventricular conduction can be variable,
the most common is 2:1 conduction, which is usually
well-tolerated; however, 20% of cases may present
heart failure*. In adults and older children, flutter is
generally associated with structural heart disease, one
of the complications that can appear after surgical cor-
rection of different congenital heart diseases. A possi-
ble etiology should be sought in the first episode, ruling
out cardiac dysfunction or associated heart disease.
The evolution is usually satisfactory if the arrhythmia is
not present and begins in the neonatal period®. Although
the evolution of this arrhythmia in the neonatal period
is benign, it requires intensive treatment with drugs or
electrical cardioversion at the onset time. The recom-
mended treatment for both stable and unstable neo-
nates is synchronized electrical cardioversion. As a
second choice, the recommended drugs are digoxin
and flecainide or amiodarone if there is no therapeutic
effect with the first two agents. According to the litera-
ture reviewed, cardioversion with direct current appears
to be the most effective treatment for atrial flutter®.

Due to the low frequency of this disease in pediatric
patients without structural heart disease, we present a
retrospective review of the clinical characteristics of the
cases under follow-up in our center. Most showed a
benign evolution of the arrhythmia since those diag-
nosed in the neonatal period did not present new epi-
sodes of atrial flutter after treatment with electrical

cardioversion. However, those diagnosed at a later
stage (5-7 years of age) required electrical ablation of
the ectopic focus due to failure of first-line treatments.

Clinical cases

We conducted a retrospective review of all cases of
atrial flutter in children (0-15 years) in the last six years
(2015-2021) at a tertiary pediatric hospital. After paren-
tal authorization and consent, an analysis was per-
formed by reviewing patients’ medical records. Seven
cases were reviewed: six males and one female, five
diagnosed in the perinatal period, and the other two at
school age. In three of them, tachycardia was already
evident in the fetal period; in the rest, pregnancy control
and prenatal ultrasound had been normal, with flutter
appearing later (Figure 1). In all cases, structural heart
disease was excluded by echocardiography.

The findings of each case studied are described
below.

Case 1

We describe the case of a male neonate who, during
cardiac screening performed in our hospital to measure
preductal and postductal oxygen saturation between the
first 6 and 24 hours of life and heart rate, showed tachy-
cardia with a frequency of 200 bpm, although he was
asymptomatic. An ECG was performed, and atrial flutter
was diagnosed at 20 hours of life. Electrical cardiover-
sion was performed, and the patient did not present
new episodes. Clinical evolution was good, with sinus
rhythm at 180 bpm, and he was discharged five days
after birth. He showed no other arrhythmias during fol-
low-up with his pediatrician at annual check-ups.

Case 2

This case is a preterm twin male neonate who, at
birth, required respiratory support. He was transferred
to the Neonatal Intensive Care Unit (NICU) and, once
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Figure 1. Electrocardiogram of a newborn with tachycardia at 200 bpm and sawtooth F waves compatible with atrial

flutter with 2:1 and 3:1 block.

monitored, presented an episode of flutter at 36 hours
of life, which was resolved with electrical cardioversion
with no clinical complications; at the same time, respi-
ratory distress was resolved. The patient presented two
more episodes of atrioventricular reentrant tachycardia
mediated by an occult accessory pathway 10 and
17 days after birth, requiring flecainide during the first
months of life. During his subsequent outpatient fol-
low-up in pediatric cardiology consultations, he did not
present new episodes of arrhythmias and was dis-
charged at 2 years of age.

Case 3

The third case is a male neonate born by emer-
gency cesarean section due to fetal tachycardia at
37+2 weeks of gestation, with a birth heart rate of 230
bpm. The ECG showed sawtooth F waves character-
istic of flutter, with a 2:1 ventricular block confirmed
after administration of intravenous adenosine at
0.25 mg/kg body weight. Electrical cardioversion was
performed with a 2J charge at birth, and second car-
dioversion was required with a 3J shock, which was
effective. The patient did not present arrhythmias
again and, therefore, did not require medical treat-
ment. He was discharged at one month of life, living
an everyday life without any pharmacological

treatment. At his last pediatric cardiology control
appointment, at four years of age, his electrocardio-
gram showed sinus rhythm with normal axes, volt-
ages, and repolarization, for which he was discharged
from the service.

Case 4

This case is a female preterm neonate diagnosed
with fetal supraventricular tachycardia who received
prenatal treatment with flecainide and digoxin. Labor
was induced at 34+2 weeks of gestation due to per-
sistent fetal tachycardia despite prenatal treatment. At
birth, the neonate presented tachycardia > 200 bpm,
with ineffective respiratory effort, requiring respiratory
support. Up to three electrical cardioversions and treat-
ment with flecainide were necessary until the patient
was four months old. Treatment was discontinued with-
out the appearance of new arrhythmias. The patient
was discharged from cardiology at four years of age;
she has not presented new episodes, and her electro-
cardiograms showed no alterations.

Case 5

This case of a male neonate with a prenatal diagno-
sis of fetal flutter and treatment with digoxin during



pregnancy; at birth, he presented sinus bradycardia
that resolved spontaneously without requiring any treat-
ment. There were no postnatal flutter episodes.

Case 6

This case corresponds to a 5-year-old male patient
with a family history of Brugada syndrome who was
referred to the hospital for suspected Brugada syndrome
after an abrupt episode of loss of consciousness. He
presented with an ECG compatible with Brugada syn-
drome type 1, showing right bundle branch block and
“dolphin fin” descending ST elevation in the right precor-
dial leads and V2 with negative T wave. The patient
received an implantable cardioverter-defibrillator (ICD) at
5 years of age. During follow-up, an episode of atrial
flutter with a rate of 200 bpm with 2:1 block was detected
at 7 years of age in the Holter recording of the ICD with-
out clinical correlation. The original focus was electrically
suppressed without incident. The patient did not present
any more tachyarrhythmias in his subsequent evolution.

Case 7

This last case corresponds to an eleven-year-old
male patient who came to the emergency department
for an episode of syncope. His family history included
the sudden death of his 26-year-old mother, the exact
cause being unknown. An ECG was performed in the
emergency room, showing an episode of polymorphic
ventricular tachycardia with a rate of 260 bpm. A sub-
cutaneous Holter was implanted, showing how this
tachycardia triggered an episode of torsade de pointes
lasting 1 minute, with spontaneous recovery after five
seconds of asystole accompanied by another syncope.
A genetic study was performed, and the patient was
diagnosed with polymorphic ventricular catecholaminer-
gic tachycardia with a mutation in the ryanodine gene
(RYR2 14311G>A). Treatment with bisoprolol and fle-
cainide was started, and left cervical sympathectomy
was performed due to the recurrence of tachycardias.
During follow-up, different episodes of arrhythmias were
detected in the implanted subcutaneous Holter monitor,
including atrial flutter, whose ectopic foci were subse-
quently suppressed with no subsequent incidents.

The clinical characteristics, treatment, and evolution
of the patients are summarized in Table 1.

The outcome of all patients diagnosed in the pre-or
neonatal period was satisfactory. However, when the
episodes occurred later (5 and 7 years of age), they
were associated with channelopathies (Brugada

T. Moliner-Morén et al.: Atrial flutter in pediatrics

syndrome and catecholaminergic polymorphic ventric-
ular tachycardia), with necessary ablation due to poor
response to pharmacological treatment (Figure 2).

Discussion

Flutter is an example of macro reentrant atrial
tachycardia; in 90% of cases, the right atrium is the
location of the original focus of the reentrant circuit®.
The incidence of this disease is extremely low in chil-
dren. The incidence of atrial flutter in pediatrics is
estimated at 0.01%, which is an underestimated figure
due to the low rate of clinical suspicion’. Our series
demonstrates the low incidence of atrial flutter in the
pediatric population (0.003%), with only seven cases
over 6 years in a reference population of almost
200,000 subjects aged 0-14 years.

This review also intended to differentiate between two
very distinct groups within the same pathology: cases in
newborns and those diagnosed later in life. We can define
evident clinicopathological characteristics when flutter
occurs in the neonatal period, as in the first five cases,
since most appear in structurally normal hearts, present
a benign course with an adequate response to electrical
cardioversion, and a tendency to spontaneous resolution
over time®®, The evolution of the cases diagnosed in the
neonatal stage is considered benign since electrical car-
dioversion was effective in all the cases studied (as we
have also found in the literature reviewed), with no patients
experiencing tachyarrhythmias or heart pathology during
follow-up in the subsequent years®. Case 3 required two
electric shocks, and case 4 required cardioversion on
three occasions; this approach is not considered a factor
of poor prognosis or malignancy since it resolved without
incident, and the patients remain asymptomatic.

Yilmaz-Semereci et al. described in 2018 that flutter or
atrial flutter in the newborn occurs during the first
7 days of life, as we observed in our neonatal cases,
in whom it occurred at birth, at 20 and 36 hours after
birth or prenatally’®. However, when an older child or
adolescent is diagnosed with atrial flutter, the prognosis
worsens, and the probability of concomitant associated
heart disease is more significant, as well as presenting
other electrical disorders such as Wolf-Parkinson-White
syndrome or channelopathies. Consistent with what
Nieto et al. described in their 2020 publication, treat-
ment is less effective in older patients, as in our cases,
at 5 and 7 years of age. These patients require much
closer follow-up for the rest of their lives, as they are
more likely to have other associated heart diseases.
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Table 1. Clinical characteristics, treatment, and evolution of patients

Age at Prenatal Prematurity Treatment LEIET R Other
diagnosis | diagnosis associated
diseases
Case 1 Male Neonate No Yes Flutter with 2:1 Electrical No
(Figure 1) (20 hours (35 GW) block cardioversion
of life)
Case 2 Male Neonate No Yes Flutter Electrical Two episodes of No
(Figure 2) (36 hours (30+1 GW) cardioversion AV reentrant The
of life) + flecainide tachycardia genetic
in the first mediated by study for

months of life  hidden accessory the SCN5A
pathway at 10 and  gene was

17 days of life negative
Case 3 Male Neonate Yes No Flutter at 250 Electrical No No
(at birth) Urgent bpm cardioversion
cesarean
section due
to fetal
tachycardia
Case 4 Female  Neonate Yes Yes Flutter > 200 bpm  Electrical No No
Fetal SV (34+2 GW) cardioversion
tachycardia x3 +
Prenatal flecainide up
digoxin and to 4 months
flecainide of life
Case 5 Male Neonate Yes No At birth sinus Not required  No No
Fetal flutter bradycardia at 80
on prenatal bpm
ultrasound
Prenatal
digoxin
Case 6 Male 5 years No No ECG compatible Ablation of No Type 1
with type 1 the original Brugada
Brugada flutter focus syndrome
syndrome by catheter
At 7 years of age, two years
Holter monitoring  after
showed an diagnosis
episode of flutter
at 200 bpm with a
2:1 block
Case 7 Male 11 years No No Flutter, Ablation of Several With
polymorphic the ectopic subsequent different
ventricular foci by episodes of types of
tachycardia, catheter arrhythmias arrhythmias
atrial in
tachycardia, successive
atrial fibrillation Holter
recordings

AV, atrioventricular; bpm, beats per minute; ECG, electrocardiogram; GW, gestation weeks; SV, supraventricular.

Although atrial flutter is a rare condition in pediatrics The reviewed literature indicated that neonatal recur-
and is not usually associated with structural heart dis- rence is rare and does not usually require subsequent
ease, it must be diagnosed and treated effectively. The treatment, as in this review of cases in our hospital®'.
primary postnatal treatment is electrical cardioversion, However, flutter in older patients without congenital heart
aiming at achieving sinus rhythm. disease is generally associated with channelopathies,
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Figure 2. Holter recording in a 7-year-old patient with catecholaminergic polymorphic ventricular tachycardia. An
episode of atrial flutter with variable conduction is observed.

presenting a worse evolution and greater refractoriness
to medical treatment, as in our last two cases.

In conclusion, it is essential to emphasize the differ-
ence in the evolution of patients diagnosed with flutter
in our hospital according to their age at the time of
diagnosis. According to our experience, cases of neo-
natal flutter evolved satisfactorily with electrical cardio-
version. Furthermore, in one of the cases presented,
cardioversion was not necessary since, after birth, the
patient did not show fetal tachycardia detected pre-
natally. Moreover, no underlying heart disease was
found in either fetal or neonatal cases. Regarding the
two patients diagnosed at an older age (5-7 years),
we highlighted the presence of associated heart dis-
ease. One had Brugada syndrome, and the other had
catecholaminergic tachycardia with a genetic muta-
tion, conditions that confer patients a worse prognosis
and require more invasive treatments and closer
follow-up.

Ethical responsibilities

Protection of humans and animals. The authors
declare that no experiments on humans or animals
have been performed for this research.

Confidentiality of data. The authors declare that no
patient data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interest

The authors declare no conflict of interest.

Funding

No funding.

References

1.

10.

11.

Brugada J, Blom N, Sarquella-Brugada G, Blomstrom-Lundqvist C,
Deanfield J, Janousek J, et al.; European Heart Rhythm Association;
Association for European Paediatric and Congenital Cardiology. Pharma-
cological and non-pharmacological therapy for arrhythmias in the pedia-
tric population: EHRA and AEPC-Arrhythmia Working Group joint con-
sensus statement. Europace. 2013;15:1337-82.

. Roguera Sopena M, Sabidé Sanchez L, Villuendas Sabaté R, Del Alca-

zar Mufioz R. Fibrilacién auricular. A propésito de 2 casos. An Pediatr
(Barc). 2020;92:47-9.

. Wojtowicz-Marzec M, Wysokinska B, Respondek-Liberska M. Successful

treatment of neonatal atrial flutter by synchronized cardioversion: case
report and literature review. BMC Pediatr. 2020;20:370.

. Samper Villagrasa MP, Olivares Lépez JL, Ayerza Casas A,

Ventura Faci MP, Lacambra Blasco |, Pérez Gonzélez J. Fluter auricular
en un recién nacido pretérmino. Acta Pediatr Esp. 2009;67:457-8.

. Sanchez Pérez I. Arritmias mas frecuentes en la poblacién infantojuvenil.

Pediatr Integral. 2016;20:527-38.

. Texter KM, Kertesz NJ, Friedman RA, Fenrich AL Jr. Atrial flutter in in-

fants. J Am Coll Cardiol. 2006;48:1040-6.

. Burgoa Vargas JA, Patifio Bahena EJ, Trujeque Ruiz AL, Herrera Cusi-

canqui JJ. Flutter auricular atipico en un nifio con corazén estructural-
mente sano. Rev Soc Bol Ped. 2014;53:71-4.

. Cuenca Peiré V, Conejo Muiiiz L, Picazo Angelin B, De Mora Martin M,

Zabala Arglelles JI. Manejo terapéutico del flutter auricular fetal. Rev
Esp Cardiol. 2017;70(Supl 1):33.

. Poryo M, Abedini M, Loffler G. Sawtooth waves—atrial flutter in a pre-

mature infant. Dtsch Arztebl Int. 2017;114:262.

Yilmaz-Semerci S, Bornaun H, Kurnaz D, Cebeci B, Babayigit A,
Blyikkale G, et al. Neonatal atrial flutter: three cases and review of the
literature. Turk J Pediatr. 2018;60:306-9.

Nieto-Sanjuanero A, Hernandez-Monroy R, Briones-Castellanos M, Her-
nandez-Castro F, Flores-Dominguez A. Atrial flutter: prenatal diagnosis
and successful neonatal result. Medicina Universitaria. 2020;22:127-30.

339



