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a b s t r a c t

Supraventricular tachycardia (SVT) is one of the most common conditions requiring emergency cardiac
care in neonates. Atrioventricular reentrant tachycardia utilizing an atrioventricular bypass tract is the
most common form of SVT presenting in the neonatal period. There is high likelihood for spontaneous
resolution for most of the common arrhythmia substrates in infancy. Pharmacological agents remain as
the primary therapy for neonates.
Copyright © 2019, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Supraventricular tachycardia (SVT) is one of the most common
conditions requiring emergency cardiac care in neonates. SVT is
defined as any tachycardia which requires participation of at least
one supraventricular structure above the bifurcation of the His
bundle (HB) for perpetuation, including the atrial myocardium, the
atrioventricular node, the proximal HB, the coronary sinus, the
pulmonary veins, the vena cavae, or abnormal atrioventricular
connections other than the HB (i.e., bypass tracts) [1]. The incidence
of SVT has been estimated at 1 in every 250e1000 pediatric pa-
tients [2e6].

A population-based study in infants from England estimated the
incidence of clinically significant sustained arrhythmias to occur in
24 per 100,000 live births (1:4000), of which two-thirds was
atrioventricular re-entry tachycardia (AVRT) with an incidence of
16.3 per 100,000 [7]. A recent population-based study from a na-
tional birth cohort database in Taiwan of children born between
2000 and 2008 with complete postnatal medical data, estimated
the cumulative incidence of SVT <1 month as 0.06 per 1000
patient-years overall and 0.05 per 1000 patient-years in those
without major congenital heart disease (CHD). More than one-
fourth (28%) of the patients were diagnosed with SVT by the age
of 1 year, of whom, one-fourth (23%) were diagnosed during the
neonatal period. Coexisting CHD was noted in 25% in this study,
, Houston, TX, 77030, USA.
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with the 6 leading diagnoses being atrial septal defect (37.8%),
ventricular septal defect (19.5%), patent ductus arteriosus (7.6%),
tetralogy of Fallot (7.6%), pulmonary stenosis (5.8%), and Ebstein
anomaly (3.6%) [8].

2. Postnatal outcomes of fetal SVT

In a retrospective multicenter cohort study of 103 subjects
diagnosed with fetal SVT by Hinkle et al., refractory SVT was found
in 37% with this group being more likely to be delivered prema-
turely. Refractory SVT did not increase the risk of postnatal SVT.
Postnatal SVT was seen in 61%. A strong correlation was found
between postnatal SVT and later gestational age at fetal SVT diag-
nosis. Subjects with refractory SVTor hydrops did not have a higher
risk of postnatal SVT [9].

3. Electrophysiological mechanisms of arrhythmias

For the purpose of this discussion, a brief description of the
three mechanisms implicated in arrhythmias are listed below. The
clinical presentation including onset, stability and termination
often helps in deduction of these arrhythmia mechanisms and
thereby help in their acute management.

3.1 Reentry: Reentrant tachycardia, also called reciprocating
tachycardia is a continuous repetitive propagation of the activation
wave in a circular path, returning to its site of origin to reactivate
that site.

3.2 Automaticity: or spontaneous impulse initiation, is the
ability of cardiac cells to depolarize spontaneously, and initiate a
propagated action potential (AP) in the absence of external elec-
trical stimulation. Enhanced normal automaticity refers to the
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Table 1
Clinical features suggesting arrhythmia mechanism.

Reentrant tachycardia Automatic tachycardia Triggered arrhythmia

� Regular rate or stable tachycardia cycle length
� Paroxysmal, with abrupt onset and abrupt

termination
� Induced by programmed stimulation
� Terminated by direct current (DC) shock or rapid

overdrive pacing
� Predictable slowing or termination with

antiarrhythmic drugs that alter conduction through
the tissue involved (e.g., Adenosine)

� Amenable to ablation of one critical limb

� Wide variation in rate that correlates with
autonomic tone

� Gradual “warm-up” and “cool-down” of rates, at
times incessant

� Typically active during periods of high sympathetic
tone. Cannot be induced by programmed
stimulation

� Inability to terminate with DC shock. Transiently
suppressed by overdrive pacing.

� Identified as focal disorder by intracardiac
mapping, can be eliminated by ablation lesion
at the epicenter of electrical activation

� Broad overlap with other mechanisms
� Rate variation with warm-up and cool-down,

sensitivity to catecholamines
� Ability to induce and terminate with programmed

stimulation or prolonged rapid pacing as well as
termination with DC cardioversion.

� In clinical practice, often identified by features not
typical of either automaticity or reentry
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accelerated generation of an AP by normal pacemaker tissue.
Abnormal automaticity occurs in the cardiac cells only when there
are major abnormalities in their transmembrane potentials such as
reduced maximum diastolic potential, spontaneous upward drift of
the phase 4 diastolic potential or a combination of the two. Both
normal and abnormal pacemaker activity can be accelerated by
drugs, various forms of cardiac disease, reduction in extracellular
potassium, or alterations of autonomic nervous system tone.

3.3 Triggered activity: is impulse initiation in cardiac fibers
caused by oscillations in membrane potential called after-
depolarizations that occur consequent to a preceding impulse or
series of impulses. Afterdepolarizations can occur early during the
repolarization phase of the AP or late, after completion of the
repolarization phase.

Table 1 lists the clinical features that suggest each of the above
basic arrhythmia mechanisms. The entire set of clinical tachyar-
rhythmias can be categorized by considering the above three
mechanisms arranged according to supraventricular arrhythmia
substrate. Table 2 lists common clinical SVTs categorized based on
arrhythmia substrate and mechanism. Fig. 1 provides schematic
illustration of common reentrant SVTs presenting typically with
narrow QRS-complex and Fig. 2 illustrates those presenting as wide
QRS-complex tachycardias.

4. Embryologic basis of neonatal supraventricular
tachyarrhythmias

Jongbloed et al., provided a thorough and extensive review
focusing on embryonic development of the cardiac conduction
system in relation to clinical arrhythmias, as well as on specific
cardiac conduction abnormalities that are observed in patients
with congenital heart disease [10]. A detailed review of this subject
is beyond the scope of this paper. In a mature heart, the atrioven-
tricular (AV) conduction axis comprises the only myocardial
Table 2
Clinical supraventricular tachycardias categorized based on arrhythmia substrate and me

Reentrant

Atrium � Atrial flutter (macro-reentrant atrial tachycardia) - most co
counterclockwise (cavotricuspid isthmus dependent) atrial fl

� Focal atrial tachycardia (microreentry)
� Atrial fibrillation

AV junction AV nodal reentrant tachycardia

Accessory pathways Orthodromic atrioventricular reentrant tachycardia utilizing co
manifest (WPW) AV accessory pathway,
Antidromic reentrant tachycardia utilizing manifest (WPW) AV
pathway and atypical accessory pathways (“Mahaim tachycard
atrial fibrillation

AV, Atrioventricular; WPW, Wolff-Parkinson-White ventricular preexcitation pattern.
continuity between the atria and ventricles, the remainder being
separated by a layer of fibrous tissue at the AV junction i.e., the
annulus fibrosus. The development of the fibrous structures of the
heart that includes the annulus fibrosus, extends into post-natal
life. Though not all accessory pathways show the same cellular
morphology, pathological maturation of the annulus fibrosus has
developmentally been related to deficient contributions of epicar-
dial derived cells and lack of expression of periostin seen in de-
letions of Alk3, which in turn could result in broad accessory AV
connections.

5. Analysis of tachycardia mechanism on surface
electrocardiogram

In the acute clinical situation of SVT, the immediate focus should
be on the overall picture and stabilizing the hemodynamic status of
the patient. However, once this is accomplished, it is useful to be
able to narrow the differential diagnosis of the tachycardia mech-
anism based on the surface electrocardiogram (ECG). A 12-lead ECG
with rhythm strips is preferable to a single channel/lead rhythm
strip only. In general, all the available channels of ECG should be
reviewed from the beginning to the end of the recording. Fig. 3
provides a useful algorithm towards reaching a differential diag-
nosis for tachyarrhythmia based on the ECG features. This algo-
rithm relies on the ECG characteristics including QRS width, AV
(atrio-ventricular) ratio, regularity of rate and RP interval
(measured from onset of QRS complex to onset of subsequent P
wave on ECG). The initial factor to determine is whether the QRS
width is “narrow” or “wide”. In young children, this decision is not
always easy, as there are different ranges acceptable as “normal” for
different pediatric age groups. The determination as “narrow QRS
width” should be used only if the QRS duration falls within the
normal range for age in all 12 ECG leads. Though the prime
consideration in wide QRS-complex tachycardias (WCT) must
chanism.

Automatic Triggered

mmonly typical
utter

� Ectopic atrial tachycardia,
� Multifocal atrial tachycardia

Some focal atrial tachycardia

Junctional ectopic tachycardia
(congenital and postoperative)

ncealed and

accessory
ias”), Preexcited



Fig. 1. Common reentrant supraventricular tachycardias presenting as narrow QRS-complex tachycardia. The direction of the arrows in each case indicates the direction of
propagation within reentrant circuits. The slow pathways within the circuit are represented by ‘wavy’ arrows. The lower panel illustrates the presence (“manifest” with ventricular
preexcitation) and absence (“concealed” without ventricular preexcitation) of antegrade conduction via atrioventricular bypass tract in sinus rhythmwhich in turn is a substrate for
orthrodromic atrioventricular reentrant tachycardia. Note that the ventricle is not primarily a part of the reentrant circuit in atrial flutter, atrial fibrillation and atrioventricular nodal
reentrant tachycardia. AVN, Atrioventricular node; AV BT, Atrioventricular bypass tract; HB, His bundle.
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always be VT, this may also be observed in some SVT, if ventricular
activation is altered by bundle branch block or preexcitation via a
bypass tract. For acute management purposes, one should assume
VT unless there is convincing data to prove otherwise. Another
practical issue that is often encountered while assessing AV ratio
and RP interval is the absence of clearly discernible or low-
amplitude P waves. The P wave in these instances is often seen as
“pseudo-ST segment depression”, particularly if it follows imme-
diately after QRS complex, which points to a “very short RP inter-
val”. P waves could also be seen at times as altering themorphology
of the T-wave. If visible, P wave axis may help in determining the
origin of atrial activity. Sinus tachycardia is one of the commonest
types of ‘long RP narrow QRS-complex tachycardia’ with a P-wave
axis between 0 and 90� (positive in leads I and aVF). Lastly, any
deviation in AV ratio from 1:1 even for few beats is often helpful in
narrowing the differential diagnosis. AVRT and AVNRT in children
are typically 1:1 in A:V ratio. More P waves than R waves would
imply atrial tachyarrhythmia such as an ectopic atrial tachycardia or
atrial flutter.
5.1. Ventricular tachycardia versus aberrantly conducted
supraventricular tachycardia

WCT should be presumed to be VT in the absence of evidence to
the contrary. This guards against inappropriate and potentially
dangerous therapy. In general, most WCTs can be classified as
having one of two patterns: a right bundle branch block (RBBB)-like
pattern (QRS polarity is predominantly positive in leads V1 and V2)
or a left bundle branch block (LBBB)-like pattern (QRS polarity is
predominantly negative in leads V1 and V2). This initial determi-
nation is useful in evaluating other features on the ECG, which
would help in distinguishing criteria favoring VT. The finding of
ventriculo-atrial (VA) dissociation is one of the most useful prac-
tical criteria for the diagnosis of VT. However, retrograde VA con-
duction, whether 1 to 1 or 2 to 1, or Wenckebach VA conduction
occurs in up to 50% of all VT. A multitude of ECG criteria have been
published for differentiating VT from SVT with BBB as well pre-
excited SVT. However, they are beyond the scope of this review
[11e15].

6. Specific supraventricular arrhythmia substrates

A study based on Pediatric Electrophysiology Registry found
AVRT involving atrioventricular bypass tracts, decreasing in pro-
portion with increasing age; conversely, atrioventricular nodal
reentrant tachycardia (AVNRT) increasing with increasing age. No
significant gender differences were present at younger ages (<12
years). Similar results have been found in older studies [16,17].

6.1. Atrial flutter

The incidence of atrial flutter (AFL) is ~2.1 per 100,000 live
births, with about 36% associated with structural heart disease [7].
In a series on perinatal atrial flutter from Lisowski et al., typical
counterclockwise AFL was common, with synchronized electrical
cardioversion successful in converting majority of the patients, and
no recurrences occurring beyond the neonatal period [18]. Once
AFL is converted to sinus rhythm, onemay elect towait and observe



Fig. 3. Algorithm for analysis of tachyarrhythmia on surface electrocardiogram. A.Flutter, Atrial flutter; A.Fib, Atrial fibrillation; AT, Atrial tachycardia; Atyp.AVNRT, Atypical AVNRT; AV,
atrioventricular; BBB, Bundle branch block; AVRT, Atrioventricular reentrant tachycardia; AVNRT, Atrioventricular nodal reentrant tachycardia; IART, Intra-atrial reentrant tachycardia; JET,
Junctional ectopic tachycardia; MAT, Multifocal atrial tachycardia; Orthodrom. AVRT, Orthodromic atrioventricular reentrant tachycardia; PJRT, Permanent Junctional Reciprocating
Tachycardia; RP interval, measured from onset of QRS complex to onset of subsequent P wave on ECG; SVT, Supraventricular tachycardia; VT, Ventricular tachycardia; WPW, Wolff-
Parkinson-White syndrome.

Fig. 2. Common reentrant supraventricular tachycardias presenting as wide QRS-complex tachycardia. The direction of the arrows in each case indicates the direction of propa-
gation within reentrant circuits. The slow pathways within the circuit are represented by ‘wavy’ arrows. Preexcited SVT refers to supraventricular tachycardias where atrioven-
tricular accessory pathways capable of antegrade conduction act only as bystanders and not part of the primary arrhythmia substrate. AVN, Atrioventricular node; AVRT,
Atrioventricular reentrant tachycardia; AVNRT, Atrioventricular nodal reentrant tachycardia; BT, Bypass tract; HB, His bundle; LB, Left bundle branch; LBBB, Left bundle branch block; RB,
Right bundle branch; RBBB, Right bundle branch block; SVT, supraventricular tachycardia.
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if flutter recurs. Alternatively, one may elect to treat with a class III
agent such as Sotalol for six months to a year, although it appears
that recurrence of AF is exceedingly rare beyond the neonatal
period [19,20].
6.2. Ectopic/focal atrial tachycardia

The incidence of focal atrial tachycardia (FAT) has been esti-
mated to be around 1.1 per 100,000 live births [7]. Ectopic atrial
tachycardia (EAT) resulting from abnormal automaticity is charac-
terized electrophysiologically such that: 1) the P wave of the first
beat is identical to that of subsequent beats; 2) the cycle length of
the first few beats progressively shorten; 3) atrioventricular block
can occur in the presence of continuing SVT; and 4) tachycardia
typically cannot be induced or terminated with standard pacing
protocols. In the single center experience from Salerno et al.,
younger children (<3 years) presented as irregular heart rate,
tachycardia, feeding difficulties, ventricular dysfunction, and car-
diomyopathy. About 23% were associated with congenital heart
disease. They respond to antiarrhythmic therapy and have a high
incidence of EAT resolution, thus warranting a trial of antiar-
rhythmic therapy [21]. In Multifocal atrial tachycardia (MAT), also
known as chaotic atrial rhythm, defined by three or more distinct P-
waveforms, irregular PeP intervals, isoelectric baseline between P-
waves and rapid rate on an electrocardiogram, is a rare tachyar-
rhythmia in infants. The majority of children with MAT in series
from Bradley et al., were healthy infants under one year of age; a
few exhibiting mild to life-threatening cardiorespiratory disease.
Less often (50%), MAT accompanies structural heart disease. Mild
ventricular dysfunction may be observed in the presence of MAT,
but symptoms are few and resolution is generally complete.
Fig. 4. Three-day-old neonate presenting with permanent junctional reciprocating tachycar
narrow QRS complex supraventricular tachycardia with inverted P waves in inferior fronta
Response to antiarrhythmic agents is mixed with Amiodarone of-
fering superior control of rhythm compared to other agents, and
electrical cardioversion is of no avail [22].
6.3. Permanent junctional reciprocating tachycardia (PJRT)

PJRT is rare form of reentrant SVT with low likelihood of spon-
taneous resolution. The arrhythmia substrate is an accessory
pathway with slow, decremental retrograde conduction that is
commonly located in the posteroseptal region of the atrioventric-
ular (AV) junction. The PJRT diagnosis is based on electrocardio-
graphic (ECG) criteria [23]: (1) narrowQRS tachycardia, (2) negative
P waves in inferior leads, (3) PR interval to RP interval ratio< 1, (4)
1:1 AV relation during tachycardia with no evidence of functional
AV block, and (5) absent deltawaves in the PR segment during sinus
rhythm. In the largest series of PJRT from Kang et al., involving 198
patients, PJRT cases were observed in a unimodal distribution
peaking in infancy, 57% were diagnosed in infancy and 27% pre-
senting as fetal tachycardia. In the majority of affected patients,
PJRT is incessant and the risk of tachycardia-induced cardiomyop-
athy is significant. Medications remain as the primary therapy for
infants and small children while catheter ablation for PJRT should
be considered more often as the initial treatment for older children
and adolescents [24]. Fig. 4 shows 12-lead ECG in a neonate pre-
senting with PJRT.
6.4. Congenital junctional ectopic tachycardia (JET)

Congenital JET is a rare tachyarrhythmia presenting in infancy
that is associated with a high rate of morbidity and mortality. The
mechanism of the tachycardia is thought to be abnormal
dia (PJRT). Initial two beats are sinus beats followed by induction of PJRT. Note long-RP
l leads (II, III, aVF).
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automaticity arising from the region of the atrio-ventricular junc-
tion. In the largest series of JET from Collins et al., involving 99
patients, patients presenting at age �6 months were more likely to
have incessant JET and faster JET rates. In most patients, the QRS
complex is narrow during tachycardia. The relationship between
ventricular and atrial contractions during tachycardia was
ventricular-atrial dissociated in 56%, with 1:1 ventricular/atrial
relationship in 32%. The median JET rate on presentation was 209
beats/min (136e320 beats/min) and tended to be higher in younger
patients. Death occurred in 4% of patients, all of whom presented
with JET at age �6 months. Most patients (75%) were doing well on
no current therapy for JET during median follow-up of 4.5 years
(range 0.03e28 years) [25].

Fig. 5 illustrates the analysis of ECG during tachycardia in four
patients based on this algorithmic approach.
7. Management of neonatal SVT

7.1. Acute management

The effective treatment of any arrhythmia requires attention to
overall cardiovascular status. Basic emergency support including
cardiopulmonary resuscitation and securement of airway using
endotracheal intubation, if clinically indicated should be initiated in
a parallel fashion along with anti-arrhythmic interventions.
Appropriate acute resuscitation adopting Pediatric Advanced Life
Support (PALS) Tachycardia Algorithm [26,27] is recommended, the
discussion of which is not the focus of this review. Attention must
be given to correction of hypoxia, acidosis and electrolyte imbal-
ance. Vagal maneuvers (e.g., ‘application of ice on face’) or intra-
venous Adenosine (0.1e0.3mg/kg) is used for termination of
hemodynamically stable acute episodes of reentrant SVT involving
atrioventricular node. When using Adenosine it is important to
Fig. 5. Case 1: ECG characteristics: ‘Narrow QRS complex’, 1:1 AV ratio, short RP interval (~
tachycardia. Case 2: Short runs of nonsustained tachycardia shown. ‘S’ represents sinus beats
with 1:1 AV ratio and long RP interval. Differential diagnosis includes Atrial tachycardia and P
tachycardia utilizing a slowly conducting decremental retrograde only AV bypass tract, o
complex’, <1:1 AV ratio, variable cycle length consistent with junctional ectopic tachycardia.
at 25mm/s. Bottom panel shows the same tachycardia recorded at 50mm/s. Adenosine ad
atrioventricular.
ensure rapid push through an optimal intravenous access prefer-
ably close to the heart. Adenosine, though not capable of termi-
nating atrial flutter (macro-reentrant atrial tachycardia), or ectopic
atrial tachycardia, often helps to establish the diagnosis, when a
simultaneous ECG is obtained during administration. Synchronized
electrical cardioversion is used for acute conversion of hemody-
namically unstable reentrant SVTas well as intra-atrial reentry such
as atrial flutter/fibrillation. There is no role for DC cardioversion in
patients who are terminable with vagal maneuvers or adenosine
but keep recurring back to SVT. Such patients need drug therapy
management to “maintain” sinus rhythm rather than just to
convert to sinus rhythm, which has been shown to be achievable by
other, less harmful ways.

Rate control through transesophageal overdrive pacing (TOP) is
a safe and effective option to restore acceptable hemodynamics in
infants with refractory supraventricular tachycardia and severe
impairment of ventricular function. It presents the possibility of
immediate heart rate control and offers time for myocardial re-
covery and safe implementation of antiarrhythmic drug therapy.
Apart from focal atrial tachycardia or atrial reentrant tachycardias,
junctional ectopic tachycardia represents the only narrow complex
tachycardia that may not respond sufficiently to TOP [28e30].

Table 3 lists common options for acute management of SVT in
neonate.
7.2. Maintenance pharmacological therapy for control of SVT

The object of prophylactic drug therapy is to prevent SVT while
anticipating spontaneous resolution of the SVT substrate. Optimal
medical management with respect to agent and duration of treat-
ment of SVT in infants has not been well studied. The tachycardia
can typically be managed conservatively with anti-arrhythmic
medication [31e33], with the knowledge that 60e90% of patients
80ms), and stable cycle length consistent with orthodromic atrioventricular reentrant
. ‘A’ represents tachycardia beats. ECG characteristics: ‘Narrow QRS complex tachycardia
ermanent Junctional Reciprocating Tachycardia (a form of orthodromic atrioventricular
ften presenting as incessant tachycardia). Case 3: ECG characteristics: ‘Narrow QRS
Case 4: Top panel shows narrow QRS complex tachycardia with >1:1 AV ratio recorded
ministered accentuates AV block and makes the atrial flutter waves easily visible. AV,



Table 3
Acute interventions to control supraventricular tachycardia in neonates.

Treatment Dosing Comments

DC shock ORT or AVNRT 0.25 J/kg
A.flutter 0.5 J/kg
A.fib 1e2 J/kg
All of above double for each subsequent attempt

� Effective for reentrant tachycardias, some triggered arrhythmias
� Ineffective for automatic tachycardias

Adenosine 0.1e0.3mg/kg rapid IV bolus. Preferably administered via a venous
access close to heart

� Response to Adenosine may be useful for diagnosis.
� For terminating AV nodal dependent reentrant arrhythmias and some

triggered arrhythmias
Amiodarone Loading 5mg/kg over 20e60min (infusion rate not exceeding 0.25mg/

kg/min); may repeat twice up to maximum total dose of 15mg/kg
during. Followed by initial: 10mg/kg/day, increase incrementally as
clinically needed range: 10e20mg/kg/day. There is variability in the
preferred administration rates and acute loading dosage of Amiodarone
based on institutional preference.

Follow QTc interval on serial ECG. Baseline labs including complete
blood count, thyroid function tests and liver enzymes is recommended
when considering Amiodarone.

Esmolol 0.5mg/kg rapid IV bolus followed by 50e200 mcg/kg/min Watch for exacerbation of bronchospasm in patients with asthma
Procainamide 7e15mg/kg IV over 15e30min followed by 20e60 mcg/kg/min Particularly useful in SVT involving AV bypass tracts and stable wide

complex tachycardia. Dosing adjustment and serum drug
concentrations recommended in hepatic/renal impairment. Drug levels
also required in those receiving higher maintenance doses for >24 h.

Transesophageal
Overdrive Pacing

A 4- to 7-French bi- to quadripolar intracardiac/5- to 10-French
esophageal electrode catheter is introduced through the mouth/nose to
the estimated depth (distance from the tip of the nose to about 2e5 cm
above the xiphoid) in the esophagus. At that point, a transoesophageal
stimulator is attached. After determination of the tachycardia cycle
length, pacing is established at a cycle length at least 20e30ms shorter
than the spontaneous tachycardia cycle length.

A standard temporary external pacemaker might not provide sufficient
impulse duration (10e15ms) to capture the atrium with the lowest
possible, yet effective amplitude tolerated by the patient.

A.fib, atrial fibrillation; A.flutter, atrial flutter; ORT, orthodromic atrioventricular reentrant tachycardia; AV, atrioventricular; AVNRT, Atrioventricular nodal reentrant
tachycardia; IART, intra-atrial reentrant tachycardia; IV, intravenous; WPW, Wolff-Parkinson-White syndrome.
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who present with WPW or AVRT in infancy, and 20e50% with less
common tachycardias, will not have a recurrence of tachycardia
after medication is discontinued at six to 12 months of age
[32,34,35]. Beta-blockers, particularly Propranolol, have become
established as the most common first-line agent for maintenance
therapy for SVT in infants. The standard practice has been to
continue treatment for 6 months to a year, following which med-
ications are typically weaned off. Table 4 lists the common first-line
medications used in the treatment of SVT.

In a study published byWong et al., in 2006 based on a survey of
pediatric cardiologists in North America to assess the practice
pattern in management of infant SVT, the most commonly used
drugs for acute management in the infant without preexcitation
were Digoxin (42%), Procainamide (21%), Esmolol (13%), Propran-
olol (10%), and Amiodarone (8%). In the infant with preexcitation,
Propranolol (34%), Procainamide (23%), Esmolol (17%), Amiodarone
(11%), and Digoxin (6%) were used. The most commonly used drugs
in the chronic setting were Digoxin (52%), Propranolol (33%),
Amiodarone (4%), and Sotalol (3%). In the infant with preexcitation,
Propranolol (70%), Amiodarone (6%), Digoxin (6%), Atenolol (6%),
and Flecainide (5%) were used. Medication choices were influenced
by additional electrophysiology training and the presence of pre-
excitation, with Digoxin being used less in the setting of pre-
excitation [36].

Multiple studies have been published assessing the practice
variation inmanagement of neonatal and infant SVT using Pediatric
Health Information System database, an inpatient administrative
database in the United States. In a study by Guerrier et al. of SVT
Table 4
Common First-Line Medications in the Treatment of SVT in Neonates (Oral therapy).

Medication Class Dosing Comme

Propranolol b-blocker 2e5mg/kg/day in divided doses every 6e8 h Bronch
risk of

Digoxin Cardiac
glycoside

8e10 mg/kg/d given in divided doses every 12 h Arrhyth
conduc
hospitalizations from 2003 to 2013 including a total of 851 patients
(60% male, 44% neonates) hospitalized at 43 hospitals, mono-
therapy was employed in 534 (86%) patients. Propranolol, Digoxin,
and amiodarone were the most frequently utilized agents while
Flecainide and Procainamide were the least frequently utilized
antiarrhythmic medications. The majority of infants with SVT were
treated with a small number of antiarrhythmic medications during
index hospitalization. Although hospital-to-hospital variation in
antiarrhythmic choice exists, there appears to be no difference in
readmission [37]. Seslar et al., found similar frequency of usage of
anti-arrhythmic drugs in their study [38]. In another study by Bolin
et al., involving patients admitted at �2 days of age with struc-
turally normal hearts and treated with an antiarrhythmic medica-
tion, Digoxin use steadily decreased to 23% of antiarrhythmic
medication administrations over the study period from 2004 to
2015, whereas Propranolol increased to 77% [39].

The Study of Antiarrhythmic Medications in Infancy (SAMIS)
[33], a randomized, double-blind, multicenter study of infants with
SVT, excluding Wolff-Parkinson-White, comparing digoxin with
propranolol, showed no significant difference in SVT recurrence in
infants treated with Digoxin versus Propranolol (6-month
recurrence-free status was 79% for Digoxin and 67% for Proprano-
lol). Moreover, there were no first recurrences in either group be-
tween 6 and 12 months, suggesting the current standard practice
may be treating infants longer than required. In a study by Barton
et al., involving 287 patients with infantile SVT, high-dose Pro-
pranolol at a total daily dose of 3.6± 1.0mg/kg/day was successful
in controlling SVT throughout the inpatient stay in 67.3% of
nts

oconstriction may occur in patients with chronic lung disease;
hypoglycemia
mia with toxic effects; avoided in WPW syndrome, as it may enhance antegrade
tion via accessory pathway by slowing AV nodal conduction
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patients. This study identified the presence of congenital heart
disease and Wolff-Parkinson-White pattern as significant factors
for lack of a successful result with inpatient propranolol mono-
therapy. Of 190 patients discharged on Propranolol monotherapy,
87.7% were recurrence free during follow-up [40].

A retrospective review by Price et al. involving 10 patients,
showed the combination of Flecainide and Sotalol to be safe and
effective in control of refractory SVT for those who failed at least
two antiarrhythmic agents. Efficacy was achieved in all patients
with no proarrhythmia [41].

For neonatal atrial flutter patients, chronic therapy is limited to
those inwhom flutter recurs after the initial cardioversion. It can be
hard to control and require the use of combination therapy with
drugs such as Digoxin, Propranolol, Amiodarone, Flecainide and
Sotalol.

Ectopic atrial tachycardia is an important arrhythmia since it can
be hard to control. Furthermore, it has a tendency to be incessant,
and, because of this, can result in cardiac dilation and dysfunction
(so called tachycardia-induced cardiomyopathy). Being an auto-
matic focus tachycardia, it does not usually respond to electrical
cardioversion. Often hard to control, it may require the use of
combination therapy with drugs such as Digoxin, Propranolol,
Amiodarone, Flecainide and Sotalol. Treatment is usually continued
for 2e3 years and spontaneous resolution of the focus can be ex-
pected in that time frame [21].

In the largest series of patients with PJRT by Kang et al., b-
blockers were the most common choice. There was clinical benefit
for 64% of all regimens, including complete suppression of PJRT in
23%. Among medication regimens, a combination of Amiodarone
and a b-blocker achieved clinical benefit in 100%. Used individually,
Amiodarone and b-blockers achieved clinical benefit in 75% and
55% cases, respectively. Monotherapy with Flecainide or Prop-
afenone and combination therapy with Digoxin and Propafenone
were each beneficial in >70% of the cases [24].

For congenital JET, many patients required >2 medications,
either sequentially or in combination, to eventually see a salutary
drug effect on JET rate. The largest series from Collins et al., sup-
ported the use of Amiodarone for treatment of JET. Many patients
required amiodarone in combination with a second agent [25]. A
recent report from Dieks et al., showed that adjunctive treatment
with Ivabradine resulted in effective and safe rhythm/heart rate
control in patients with congenital JET [42].

Table 5 lists common second line agents for maintenance anti-
arrhythmic therapy.
Table 5
Common Second-Line Medications in the Treatment of SVT in Neonates (Oral therapy)*.

Medication Class Dosing

Sotalol Class III Initial: 2mg/kg/day divided every 8 h; if needed, increase
dosage gradually by 1e2mg/kg/day increments; allow at l
days between increments. Proposed target dose: 4mg/kg
divided every 8 h (up to 6mg/kg/day in 1 month-old)

Flecainide Class IC Initial: 2mg/kg/day divided every 12 h; titrate to clinical
response. Usual dose: 3e6mg/kg/day

Propafenone Class IC Initial: 7e10mg/kg/day divided every 8 h; increased by 2
e30% up to a dose of 18e20mg/kg/day if indicated

Amiodarone Class III Oral loading: 10e20mg/kg/day in 2 divided doses for 7e
days; then reduce to 5e10mg/kg/day once daily and con
for 2e7 months

*The above are suggested doses. Please refer to appropriate references and drug formula
7.3. Catheter ablation

Despite the success of medical therapy in most infants, catheter
ablation may be necessary in small children when medical therapy
is ineffective. The PACES/HRS expert consensus statement [43] on
the use of catheter ablation in children and patients with congenital
heart disease lists the following as class I indications for ablation in
infants and small children:

� Documented SVT, recurrent or persistent, whenmedical therapy
is either not effective or associated with intolerable adverse
effects.

� WPW pattern following resuscitated cardiac arrest.
� WPW pattern with syncope when there are predictors of high
risk for cardiac arrest

� Persistent or recurrent idiopathic JET, or congenital JET associ-
ated with ventricular dysfunction, when medical therapy is
either not effective or associated with intolerable adverse ef-
fects. When ablation of JET is being performed, cryotherapy is
the preferred first choice due to the high risk of AV block. RF
energy should be used with extreme caution, after a detailed
discussionwith the family or patient concerning the high risk of
AV block and the potential need for permanent pacing.

� Ventricular ectopy or tachycardia with ventricular dysfunction,
when medical therapy is either not effective or associated with
intolerable adverse effects.

� Recurrent or persistent SVT related to accessory AV connections
or twin AV nodes in patients with CHD when medical therapy is
either not effective or associated with intolerable adverse
effects.

� Ablation is effective for recurrent symptomatic atrial tachy-
cardia occurring outside the early postoperative phase (less than
three to six months) in patients with CHD, when medical ther-
apy is either not effective or associated with intolerable adverse
effects.

� Pediatric cardiovascular surgical support should be available in-
house during ablation procedures for smaller patients.

Most of the reported experience regarding ablation of cardiac
arrhythmias in small children have involved the use of radio-
frequency (RF) energy; with some using cryoablation as their first
choice. Most practitioners consider the smallest infants (less than
5 kg) to be at higher risk from catheter ablation and use a higher
threshold for transitioning frommedical-to catheter-based therapy.
Comments

east 3
/day

Monitor QTc interval on ECG; monitor for pro-arrhythmia, worsening of
ventricular systolic dysfunction

Monitor QRS duration and QTc interval on ECG; obtain plasma trough
concentrations once steady state has been achieved (>5 doses after
initiation or change); check interactions with other drugs; avoid
concurrent administration with milk or milk-based formula feedings;
Amiodarone may increase the serum concentration of Flecainide
(decrease Flecainide dose by 50% in the presence of Amiodarone)

0% Monitor QRS duration and QTc interval on ECG; check interactions with
other drugs

10
tinue

Monitor QTc interval on ECG; monitor for pro-arrhythmia; dosage
adjustment is necessary in substantial hepatic impairment; follow
thyroid function tests, metabolic profile including serum glucose,
electrolytes, triglycerides, liver function test, ophthalmologic exams;
check interactions with other anti-arrhythmic drugs

ry for alternative dosing.
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However, there are no data other than anecdotal reports to support
differences in outcomes or complications between these smallest
patients and those up to approximately 15 kg. The risk of compli-
cations such as AV block, cardiac perforation, pericardial effusion,
coronary injury and death should be considered and therefore, this
option should only be considered in specialized centers by elec-
trophysiologists with significant pediatric ablation experience.

8. Conclusions

SVT is one of the most common conditions requiring emergency
cardiac care in neonates. AVRT utilizing an atrioventricular bypass
tract is the most common form of SVT in neonates. There is high
likelihood for spontaneous resolution of the most common
arrhythmia substrates in infancy. Pharmacological agents remain
the primary therapy for neonates, while, in rare cases refractory to
multiple drugs singly and in combination, catheter ablation could
be considered after careful consideration of risk.
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