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Introduction
Supraventricular tachycardia (SVT) is the most challenging 
arrhythmia in newborn, requiring urgent medical attention. 
The incidence of SVT is estimated to be 1 in 200 to 250 for 
neonates [1, 2]. Most episodes of SVT (about 40% of all SVTs 
in pediatric age) occur during the 1st month of life, being their 
prevalence less in subsequent ages [3].There is an inverse 
relationship between age of the first attack of SVT and the 
likelihood of recurrence. On the other hand, the younger the 
patient with SVT, the higher the incidence of arrhythmia 
induced heart failure [4].Most premature supraventricular beats 
usually resolve over the first month of life, the remaining SVTs 
disappear during the ensuing six month. SVT is caused by one 
of three mechanisms such as reentry, increased automaticity or 
triggered activity. Most SVTs are caused by atrioventricular 
re-entry with the help of an accessory pathway. Majority of 
the SVT episodes occur in a structurally normal heart [5, 
6].Congenital heart diseases are reported in about 6.5% to 37% 
[7]. Most frequent cardiac morbidity of neonatal SVT is atrial 
septal defect, followed by ebstein anomaly and L-transposition 
of great arteries, tricuspid atresia and double outlet right 
ventricle (DORV) [7, 8]. SVT in structural heart disease may 
be associated either with underlying abnormality or resulting 
from surgical intervention. The chronic hemodynamic 
stress of congenital heart disease (CHD) might create an 
electrophysiological and anatomic substrate highly favorable 
for reentrant tachycardia. Neonates who have SVT without 
associated cardiac diseases, adequate hemodynamic status 
is maintained for extended periods. The clinical presentation 
of SVT in the neonate is frequently subtle and may include 

pallor, cyanosis, restlessness, feeding difficulty, tachypnea 
and grunting. If symptoms are unrecognized for several 
hours to days, newborn baby might present with significant 
hemodynamic compromise or heart failure. The diagnosis of 
SVT can be confirmed with ECG( electrocardiogram). The 
treatment of SVT is guided by baby’s hemodynamic status. 
Vagal maneuvers and adenosine are treatment options in patient 
with hemodynamically stable SVT, although circulatory 
collapse with tachycardia needs synchronized direct-current 
cardio version. Chronic therapy with digoxin, beta blockers, 
flecainide, sotalol and amiodarone has proved effective in 
controlling recurrent episodes of SVT [9-11]. Verapamil is 
considered an effective therapy for refractory SVT but require 
caution for its use in neonatal period [12]. Mechanisms of 
neonatal and fetal arrhythmias are similar and a proportion 
of neonatal SVT are a continuation of fetal SVT, extended 
to postnatal period [13]. The natural history and prevalence 
of neonatal SVT is in striking contrast to those seen in older 
children and adults, making it an important issue for the 
physician to be vigilant for diagnostic and therapeutic options. 
The prognosis of SVT is usually excellent but mortality rates 
of 2–6 % have been reported as a medical emergency. This 
review aims to focus updated spectrum of this very critical 
cardiac issue of newborn.
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On the ECG, this manifests as a QRS complex followed by a 
T wave, with the P wave often not visible (concealed in the 
QRS complex). Atypical AVNRT has a comparatively slower 
retrograde conduction, so the P wave is visible as an inverted 
complex after the QRS. This is called “fast-slow” AVNRT 
[17].

 Atrial Ectopic Tachycardia(AET): The third most common 
type of SVT is atrial ectopic tachycardia, comprising 
approximately 14% of SVTs. This is due to ectopic atrial foci 
that display abnormal automaticity. These foci are reflected 
by an abnormal P-wave, narrow QRS and the unrecognized P 
wave because it is buried in previous T wave. EAT can lead to 
tachycardia-induced cardiomyopathy if not properly controlled 
[18, 19].The type of heart disease most frequently associated 
with this SVT are congenital heart disease, myocarditis and 
cardiomyopathy [20].

Parmanent form of Junctional Reciprocating Tachycardia 
(PJRT): PJRT is less common form of AVRT wih a slow 
conducting retrograde accessory pathway. The majority of 
accessory pathways are located in the posteroseptal zone. The 
ECG hallmarks include an RP interval > PR with inverted P 
waves in leads II, III, a VF and V3-V6.PJRT is an infrequent 
form of reciprocating tachycardia usually drug refractory [21].

Junctional Atrial Tachycardia (JET): JET is characterized 
by single ectopic focus initiating at or near the AV node. 
ECG shows ratio of P wave to QRS complex <1.0 which 
indicates frequent AV dissociation(lead II). The mechanism 
of tachycardia is related to the enhanced automaticity of the 
AV junction. JET is usually observed in postoperative patients 
with CHD within the first several days after cardiopulmonary 
bypass. Congenital JET is highly associated with morbidity 
and mortality in neonates [22, 23].

Aetiology:
Fever, pain, anaemia, stress, hypoxia, hypovolemia, 
hypoglycemia, electrolyte disturbances (sodium, potassium, 
calcium, magnesium, phosphate) and acid-base disturbance 
(metabolic acidosis) are the aetiological factors. Infection, 

Pathophysiology:
The mechanisms underlying SVT are associated with reentry, 
automaticity and triggered activity. Reentrant and triggered 
forms are both induced and interrupted whereas automaticity is 
neither induced nor interrupted. The most common mechanism 
is reentry. Accessory pathway-related atrioventricular 
reentry tachycardia (AVRT), atriventricular nodal reentrant 
tachycardia (AVNRT) and permanent junctional reciprocating 
tachycardia (PJRT) can be classified as reentry tachycardia. 
Another mechanism of tachycardia is increased automaticity 
which include ectopic atrial tachycardia (EAT) and junctional 
ectopic tachycardia (JET) [14, 15].

Atrioventricular Reentry Tachycardia (AVRT): The most 
common type of SVT in newborn, representing approximately 
70% of SVT, results from a re-entry circuit between the atria and 
the ventricles and is called atrioventricular re-entry tachycardia 
(AVRT) (Figure 1). In this circuit, the AV node generally forms 
the antegrade pathway, and an accessory connection between 
the ventricle and the atria serves as the retrograde pathway for 
conduction of impulses. This is referred to as orthodromic AV 
reciprocating tachycardia. ECG shows a narrow QRScomplex 
with a retrograde p wave immediately following QRS. In 
some cases, antidromic tachycardia is the other mechanism 
of AVRT. Antegrade AV conduction occurs over the accessory 
pathwaysand retrograde conduction occursthe AV node. In this 
case a wide QRS complex may be observed. WPW syndrome 
is SVT with evidence of pre-excitation. It is identified from a 
surface electrocardiogram (ECG) in sinus rhythm by a short 
P-R interval and a “delta wave.” WPW syndrome comprises 
12% to 56% of AVRTs [16].

Atriventricular Nodal ReentrantTachycardia(AVNRT): 
The second type of SVT is AV nodal re-entry tachycardia 
(AVNRT) (Figure 1) which represents about 13% of SVTs. The 
tachycardia circuit also involves dual pathways, but both are 
situated within or near the AV node. Typical AVNRT conducts 
in an antegrade direction slowly down to the ventricles 
through one pathway and has a rapid retrograde conduction via 
the other pathway. It is, therefore, called “slow-fast” AVNRT. 

Figure 1: Mechanism of supraventricular tachycardia
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familial, metabolic, toxic and inflammatory processes may be 
responsible although most cases remain idiopathic [24].

Important associations:
Congenital Heart Disease(CHD): Coexisting CHD are 
atrial septal defect, ventricular septal defect, patent ductus 
arteriosus, L-transposition of the great arteries, tricuspid 
atresia, double outlet right venticle (DORV), ebstein anomaly, 
dilated and hypertrophic cardiomyopathy, myocardial tumor. 
CHD not only affect the anatomical defect but also causes 
electrical changes that induce SVT. PPHN associated with 
SVT,might be the same aetiological factors involved for both 
the condition [25].

Gastroesophageal Reflux Disorder (GERD): Patients with 
SVT in the neonatal period frequently have GERD .The 
oesophagus is located immediately posterior to left atrium 
and the two structures share some innervations. The acid 
reflux in oesophagus could act as a trigger of SVT. Recent 
study reported GERD is associated with neonatal SVT in 50% 
cases and this association resulted in an increased difficulty 
in controlling tachycardia with pharmacologic treatment [26].

Infants of Diabetic Mother(IDM):The neonates born 
to mothers of gestational diabetes may develop diastolic 
dysfunction independent of ventricular hypertrophy, leads to 
neonatal SVT. The predominant variety in this case is atrial 
ectopic tachycardia [27].

Neonatal EnteroviralInfection: Newborn with tachycardia 
and a family history of febrile illness should be suspected to 
have enteroviral infection, highly contagious and potentially 
life- threatening infection. High catecholamine concentration 
in enteroviral sepsis may play role on in the pathogenesis of 
atrial tachycardia [28].

Catheterization In Newborn: Umbilical catheterization in 
newborn is very common procedure for performing exchange 
transfusion as well as maintenances of total parenteral 
nutrition. The development of SVT in catheterized newborn is 
not very common but poses serious complication. The primary 
cause is inappropriate position of the umbilical catheterwithin 
the heart leading to atrioventricular re-entry type of SVT, need 
immediate position change and abortive therapy [29].

Drugs: Use of some drugs like theophylline, salbutamol, 
digoxincauses SVT by their therapeutic overdoses [30].

Surgical Procedure: SVT is found in case of neonatal 
surgery, example; congenital diaphragmatic hernia surgery, 
probable explanation is heart manipulation and exacerbation 
of underlying PPHN. Post surgical SVT was found in case of 
cardiac operation like fontan’s operation, mustard and sennai 
operation [31].

Genetic and Metabolic: Autosomal dominant 
marfan’ssyndrome , cardiac channelopathy related to 
mutation in genes encoding critical sodium ion channel 
(SCN5A) of heart termed Brugada syndrome, is a rare genetic 
disease associated with lethal rhythm abnormality [32]. 
Hyperthyroidism, inborn errors of metabolism (IEM) like 
congenital adrenal hyperplasia (CAH), storage disorders like 
mucopolysaccharidosis (sanfilipo), pompe’s disease, danon’s 
disease and mitochondrial disorders are rare evidence based 
association [33].

Clinical Feature:
The clinical presentation of SVT in the neonate is variable. 
Development of symptom depends on both the rate and duration 
of the arrhythmia. Heart rates are usually in the range of 240-
300bpm. The presentation of SVT in the neonate is usually 
nonspecific and may include pallor, cyanosis, restlessness, 
irritability, increased sweating, feeding difficulty, tachypnea, 
diaphoresis and grunting. Some neonates do not become 
symptomatic, while others may develop signs of congestive 
heart failure and cardiogenic shock.If the symptoms are 
unrecognized for hours to days, the newborn baby can present 
with hemodynamic compromise or heart failure symptoms. It 
is rare for the newborn who have SVT for less than 24 hours 
to develop signs of heart failure at the time of presentation; 
however congestive heart failure is present in 19% cases who 
have SVT for 24-36 hours and in 50%, who have SVT for 
more than 48 hours [34, 35]. Duration of tachycardia and age 
of onset, especially younger age group seemed to be significant 
factor for production of heart failure in neonatal SVT.

Diagnosis:
ECG Features: A 12-lead ECG should be performed during 
tachycardia and after sinus rhythm is achieved, but ECG 
recording should not delay initiation of emergency treatment. 
ECG features (Figure 2) suggestive of neonatal SVT are:

· Rate: 240-300 beats/minute

Figure 2: ECG findings of supraventricular tachycardia
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· R-R interval: Absolute regularity, no beat to beat 
variation

· QRS complex: narrow, normal

· P wave: absent or abnormal (often inverted, seen just 
after QRS)

Echocardigraphy: echocardiogram should be performed to 
evaluate ventricular function and to identify the presence of 
structural heart disease.

Other supportive investigations: Bloods- CBC, CRP, Blood 
Culture (septic workup to exclude septicaemia) , Creatinine, 
BUN ( to assess renal status), electrolyte (Na, K, Ca, Mg, 
Po4) to correct if any abnormality , blood sugar to detect 
hypoglycemia, blood gas (metabolic acidosis to correct if 
require), pro-BNP ( to detect heart failure), serum lactate level 
, CPK-MB, troponin( to assess myocardial status) , TSH and 
FT4(thyroid status).

Chestx-ray: to delineate cardiomegaly in case of heart failure 
and to find out any pulmonary congestion.

Treatment: 

Acute/immediate treatment:

SVT management depends on many factors including age, 
the hemodynamic status of the patient, coexisting cardiac 
disease andonset of illness (acute or recurrence).When 
considering treatment for SVT, the most important diagnostic 
decision depends on hemodynamic stability. Stable SVT 
has many noninvasive treatment modalities. The hallmark 
of noninvasive treatment for stable SVT is increasing vagal 

tone which can be done by vagal maneuvers. Unstable SVTis 
a medical emergency warranting immediate treatment due to 
hemodynamic compromise and synchronized cardioversion is 
sometime life saving. Options for acute management include 
use of the diving reflex, intravenous adenosine, transesophageal 
pacing (TEP) and cardioversion (Figure 3)

Vagal maneuvers: Vagal maneuvers are easy to perform, 
safe, often successful and cause less discomfort than chemical 
or electrical cardioversion. In neonates, vagal stimulation is 
commonly performed by eliciting the “diving reflex”, this is 
obtained by coolingthe face with a bag (e.g. surgical glove) 
filled of iced water making temperature down to 10 degree 
centigrade for at least 30 seconds [36,37]. Second option is 
rectal stimulation of neonates by thermometer. The concept 
behind both the techniqueis to elicit a strong vagal response. 
This parasympathetic stimulation causes interruption of a re-
entrant SVT resulting in increased A-V nodal refractoriness 
and possible block of the reciprocating impulse; this may 
happen for AVRT, AVNRT, PJRT, thereby slowing heart rate. 
Cold water immersion to elicit diving reflex is effective in 90% 
of patients but SVT recurs in 69% of cases. Vagal maneuvers 
work best if can start early before adrenergic tone rises too 
high. If vagal maneuver is unsuccessful in terminating SVT, 
medical therapy is recommended.

Pharmacological therapy: There are several pharmacologic 
antiarrhythmic options but the mainstay of medical therapy of 
acute SVT is intravenous adenosine.

Adenosine:
Adenosine, when administered in the correct dose with the 
correct means is very effective with success rates of 85% 
to 100% [38]. Adenosine appears to be the most promising 
antiarrhythmic agent. It acts by slowing atrioventricular 
nodal conduction, thus disrupting a re- entry circuit. It has 
the advantage of ultra-short onset of action (30 seconds). It 
has also a shorthalf life of 10 to 15 seconds. So side effects 
which occur in one third of treated patients, are transient and 
rarely require intervention. Additionally adenosine is not 
negatively inotropic in this form and so may be given to a 
patient with low cardiac output without fear of hemodynamic 
worsening. Adenosine can be given in a starting dose of 0.1 
mg/kg, increasing by 0.1mg/kg increment at 2 minutes interval 
till sinus rhythm is restored. Adenosine should be given very 
quickly and as proximally into a large vein. A three-way tap 
should be used so that the adenosine can be quickly flushed 
with normal saline. Nonetheless, because of high safety 
profile of adenosine, it will remain the drug of first choice 
for terminating SVT [39, 40]. Recurrence rate of 30% is its 
main disadvantage [41]. Its promising that it can be given in 
intraosseous route [42].

Verapamil:
Verapamil is the most effective anti-arrhythmic drug against 
refractory tachycardia in neonates with life threatening risk. Its 
advantage over digoxin is that it has a very rapid onset of action 

Figure 3: Outline of acute management of supraventricular 
tachycardia.
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(3-5 minutes). The usual initial dose of verapamil is 0.075-0.15 
mg/ kg intravenously with a maximum dose of 5 mg. It can be 
repeated between 10 and 30 minutes following the initial dose. 
It has higher incidence of side effects, including AV block, 
extreme bradycardia, asystole, hypotension and congestive 
heart failure. The adverse cardiovascular effects can generally 
be overcome by treatment with isoproterenol and parenteral 
administration of calcium. Verapamil is contraindicated in 
patients with severe bradycardia, hypotension and collapse.

Amiodarone: This is the safest antiarrhythmic drug in the post-
operative situation. Amiodarone is useful for atrial tachycardia 
which is not responsive to adenosine and resistant to reentrant 
circuits. Amiodarone slows the heart by depressing AV nodal 
conduction, modifying the automaticity and prolonging 
refractory period. Theloading dose of amiodaron is 5 mg/kg 
over 20-60 minutes, may repeat twice upto a maximum of 15 
mg/kg. Baseline thyroid function and liver enzymes need to 
monitor during amiodarone administration.

Direct current cardioversion:
In the acute situation when vagal maneuvers fail and there 
is hemodynamic compromise, direct current cardioversion 
is the only choice. Appropriate resuscitative measures 
should be instituted in case of unstable SVT. Prerequisites 
are intravenous access and suitable sedation and analgesia.
Selection of appropriate sized paddles is important. The 
preferred position for defibrillation is the sternum paddle at 
the base of the heart, apex paddle at the apex/axilla. SVTs 
usually require 0.5 -1 joule per kg. After defibrillation sinus 
rhythm is restored almost immediately in most of the cases 
but recurrence is common. Recurrent use causes myocardial 
damage.

Transesophagealoverdrivepacing (TEP):
Normal sinus rhythm was successfully achieved on the first 
day of life by transesophageal atrial overdrive pacing. This is 
a noninvasive means to evaluate persistence of SVT substrate. 
Diagnosis and termination can also be achieved by this 
TEP method. TEP involves transnasal placement of a small 
pacing catheter in the esophagus posterior to the atrium of 
heart. A transesophageal stimulator is attached. Basic pacing 
maneuvers can be performed allowing evaluation of SVT, 
overdrive pacing to terminate SVT. TEP is successful in 
only50% of the cases [43].

Prophylactic/ Long term therapy:
Indication of prophylactic therapy depends on age of onset, 
severity of symptoms and recurrence rate. This preventive 
treatment may consist of a beta blocker as first choice, with 
oral digoxin as an alternative. Anti-arrhythmic drugs flecainide 
and sotalol are widely used as next step therapy when digoxin 
and beta blocker fail to prevent recurrence [44].

Propranolol: This is a beta blocker agent,the most common 
first- line agent for maintenance therapy for SVT in neonate. 
The standard practice has been advocated to continue treatment 
for 6 months to a year, following which medications are 

typically weaned off. The dose is 2-5 mk/kg/day, orally given 
in 3 divided doses. Important side effects are hypoglycemia, 
bronchospasm. Success rate of propranolol in the treatment of 
chronic therapy for SVT ranges from 50 to 90%.

Digoxin: This is a cardiac glycoside, given in a dose of 
8-10 micro gram/kg/day, in 2 divided doses. Side effects are 
arrhythmia, digoxin toxicity. This drug is avoided in WPW 
syndrome.

Flecainide: Flecainide is a derivative of procainamide, slows 
down atrial as well as AV nodal conduction. It has been tried 
in chronic SVT caused by variety of mechanism. Dose is 2 mg/
kg, slowly over 10-15 minutes. This medication should not be 
given to patients with organic heart disease or heart failure. 
Flecainide is negatively ionotropic and can be proarrhythmic.

Catheter Radio Frequency Ablation (RFA) And 
Transcathetercryoablation (TCA): Catheter ablation using 
radiofrequency energy or cryoenergy is an effective therapy 
for ablation of additional pathway. Catheter tip uses hot 
energy in RFA and cold energy in TCA to destroy the target 
cardiac tissue. Advances in catheter design, energy delivery 
system, mapping as well as remote navigation system have 
rendered ablation of most SVT safe and effective.Indication of 
ablation therapy in neonate is drug resistant SVT accompanied 
by arrhythmogenic cardiomyopathy and heart failure. Also 
ablation therapy is effective in recurrent symptomatic atrial 
tachycardia in patient with congenital heart disease in early 
post-operative phase. Though RFA is a traditional technique, 
its short and long term success rate found to be 86% and 93% 
respectively [45]. Cryoablation is a safe and more effective 
newer technique with a very low procedure related risk and 
high success rate in the long term [46]. The procedure is quite 
invasive and need to postpone unless it’s extreme necessity in 
neonatal life.

Prognosis: After the successful treatment of the neonatal SVT 
presenting in the first month of life, the prognosis is extremely 
good with the majority having no further recurrence [47,48].Once 
the initial presentation is stabilized, most cases are controlled 
with oral medications and surprisingly many cases resolve 
spontaneously. The probability of complete resolution of SVT 
is dependent on age of onset. Most of the neonatal SVT resolve 
within the first month of life, compared to only 33%, if diagnosed 
after infancy. SVT with structural heart disease remains a difficult 
problem and treatment in this group remains guarded.

Follow-up plan:
SVT recurrence after hospital discharge is not uncommon. It is 
associated with low morbidity and mortality with a structurally 
normal heart. The follow-up plan, maintenance medication 
dose, durationshould be made clear and issues to be kept in 
consideration:

· The first-line maintenance medication would likely be 
a beta-blocker, monitoring for hypoglycemia should be 
performed at home.

· The parents need to be taught how to take the heart 
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rate in sleeping newborn to identify SVT, might need 
the help of portable heart rate monitor or downloading 
heart rate apps in mobile phone.

· Vagal technique and CPR (cardio pulmonary 
resuscitation) should be taught to all family member.

· Therapeutic drug level monitoring, drug dose 
adjustment or ECG monitoringshould be done at 
regular interval during hospital outpatient follow up.

Conclusion:
SVT can affect quality of life by leading morbidity and mortality 
of newborn. Prompt diagnosis and appropriate early management 
can potentially prevent life threatening events. Awareness about 
the various patterns of neonatal SVT is necessary for its early 
recognition. A careful search for preventive as well as associated 
factors of neonatal SVT should be undertaken to manage and 
prevent neonatal SVT in time.
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