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Abstract
Interpretation of the pediatric Electrocardiograms (ECGs) can be challenging, even daunting for medical practitioners caring for
children. This is attributable to the changes that the normal ECG parameters, including rate, rhythm, axis, intervals and
morphology undergoes starting from the neonatal period through infancy, childhood, and adolescence. These changes are the
result of the myocardium and cardiovascular system undergoing maturation with age. In the emergency setting,

the

electrocardiogram may have important diagnostic information allowing for appropriate medical intervention. In this article the
normal age-related changes on the normal pediatric electrocardiogram are outlined, as well as an approach to the interpretation
of ECGs in children. Frequently encountered ECG abnormalities associated with pediatric cardiac diseases are discussed.
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Introduction

brief signals such as notches in QRS complexes or

The basic principles of interpretation of the

pacemaker spikes, and will reduce the accuracy of

Electrocardiogram (ECG) in children are similar to

waveform morphologies. Too fast a sampling rate may

those in adults. The ECG in children has a number of

introduce artifacts, including high-frequency noise, and

characteristic differences compared to the ECG of the

requires extensive digital storage capacity. In general,

adult. An understanding of the cardiac physiologic

the sampling rate should be at least twice the

changes which take place in childhood will help

frequency of the highest frequencies of interest in the

understand the alterations of the ECG undergoes in

signal being recorded (up to approximately 500 Hz in

the different age groups. In the fetal circulation, the

adults). The standard amplifier gain for routine

right ventricle is the dominant ventricle. From this

electrocardiography is 1000. Low-pass filters reduce

ventricle the blood is preferentially shunted through

the distortions caused by high-frequency interference

the Patent Ductus Arteriosus (PDA), to the systemic

from, for example, muscle tremor and external

circulation (the descending aorta)away from the lungs

electrical devices. High-pass filters reduce the effects

on account of the high fetal pulmonary vascular

of body motion or respiration. The bandwidth of an

resistance. The systemic circulation is thus dependent

amplifier defines the frequency range over which the

on the right side of the heart. Consequently, at birth

amplifier accurately amplifies the input signals and is

the right ventricle is larger than the left ventricle.

determined by specific characteristics of the amplifier

Shortly after birth the PDA closes thereby causing an

and any added filters. Waveform components with

increase in venous return to the left side of the heart

frequencies outside the bandwidth of the amplifier will

which imposes an increased workload on the left

be artifact ally reduced or increased in amplitude. For

ventricle to perfuse the systemic circulation. The left

routine electrocardiography, the standards of the

ventricle progressively enlarges and thickens such that

American Heart Association require an overall

by late infancy and early childhood it is more than

bandwidth of 0.05 to 150 Hz for adults, with an

twice as thick as the right ventricle [1].

extension to 250 Hz for children.
the

In 1979 Davignon 2 published electrocardiographic

progressive alterations in the normal ECG findings in

variables in childhood based on measurements made

pediatric patients, including rate, QRS axis, interval

on 2141 white children in Quebec, Canada. Normal

duration, and complex morphologies. There are a

limits for 39 variables were presented as centile charts

number of tables or centile charts available for normal

ranging from the 2nd to the 98th centile. The studied

electrocardiogram values in relation to the child’s age

population was divided into12 age groups to establish

[2,3].

standard values for electrocardiograms in normal

Electrocardiographic Processing

children. In this study normal values for gender, males

Electrocardiographic waveforms are influ1enced by

or females, were not determined. Besides, these

the characteristics of the electronic systems used to

normal values may not be applicable to non-white

digitize, amplify, and filter the sensed signals. In

individuals. An additional consideration is that there

computerized systems, analog signals are converted to

may be important physiological differences in height

a digital form at rates of 1000 per second (Hz) to as

and weight and even possibly age at puberty between

high as 15,000 Hz. Too low a sampling rate will miss

the current generation of children and those studied

These

physiological

changes,

bring

about
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38 years ago. In 2001 Rijnbeek [4] and colleagues

wave axis between 0 to 90 degrees. The sinoatrial

published tables of new normal limits for the pediatric

node is located in the upper atrial mass with

ECG using higher frequency sampling rate and

depolarization proceeding from right upper to the left

bandwidth with significant differences in the normal

lower part (upright P wave in leads I and a VF) [8].

ranges of many variables compared to the data of

Heart Rate

Davignon.

The normal heart rate varies with age and is normally

The sampling frequency content of the ECG is high at

higher in children than adults. Heart rate tends to

birth and infancy and decreases with age and may

peak at 3-8 weeks of age and then decreases through

accordingly only be mainly important for recording

to adolescence. The smaller hearts in neonates and

ECGs in the younger children. The American Heart

young children and hence smaller ventricular volumes

Association had recommended in 1990 that 500 Hz

translates into a smaller cardiac stroke volume.

ought to be the minimum sampling rate and 150 Hz

Cardiac output is thus sustained by the higher heart

the minimum bandwidth for recording the pediatric

rate usually encountered in this age group. With

ECG [5]. More recent systematic research of

increasing age, ventricular volume and stroke volume

frequency content, band width requirement, and

increases, contributes more significantly to overall

sampling rate suggests that a minimum sampling rate

cardiac output with concurrent decrease in heart rate.

of 1000 Hz and a minimum bandwidth of 250 Hz is

Furthermore, in heart rate assessment, attention

more accurate [6,7]. The electrocardiograms in the

should be given to the patient's activity and stress

Davignon study 2 were digitized at a sampling rate of

levels, as these may result in physiologic elevations of

333 Hz. This sampling rate proved to be insufficient

heart rate. Heart rates significantly outside the normal

for the high frequency content of the ECG in young

range for age should alert to the presence of

children. Most modern ECG recorders will sample at

dysrhythmias. As a general rule, age dependent

500 Hz or greater and observers should be aware of

normal heart rate ranges are the following: newborns

this fact when interpreting an ECG generated by such

110 - 150 beats per minute, 2years of age 85 - 125

equipment. The more recent studies [6,7] used

beats per minute, 4 years of age 75 - 115 beats per

sampling rates of 500 or 1200 Hz. The discrepancies

minute, and at ages above 6years 60 - 100 beats per

observed in the differences in normal ranges between

minute [8].

the Davignon and the more recently published studies

The standard ECG paper speed recording is 25mm

may probably be the result of the recording

per second such that 1mm (small square) represents

technology.

0.04 seconds (40 milliseconds), and 5mm (big square)

A sequential approach in the routine interpretation of

represents 0.2 seconds (200 milliseconds) (Figure 1).

the

is

Atrial and ventricular rates need to be calculated

The following sequential technique

separately if they are different. There are many

normal

indispensable.

pediatric

electrocardiogram

serves as a guide.

methods to estimate the rate. For the sake of

Rhythm

simplicity, the following rules may be used. For regular

The normal rhythm at any age is sinus rhythm (arising

rhythms divide 300 by the number of large squares in

from the sinoatrial node) which is characterized by P

between each consecutive R wave. For very fast rates

waves preceding each QRS complex and a normal P

one may divide 1500 by the number of small squares
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in between each consecutive R wave, and for irregular

PR interval

rhythms the number of complexes on the rhythm strip

The PR segment is the usually isoelectric region

of a standard twelve lead ECG multiplied by six.

beginning with the end of the P wave and ending with
the onset of the QRS complex. The PR segment is the
temporal bridge

between

atrial activation

and

ventricular activation. On exiting the AV node, the
impulse rapidly traverses the bundle of His to enter
the bundle branches, and it then travels through the
specialized intra ventricular conduction paths to
activate ventricular myocardium. The segmented when
enough ventricular myocardium has been activated to
initiate the recording of the QRS complex. The
normal PR interval measures 120 to 200 milliseconds

Figure 1: The ECG waves and intervals.

in duration in adults and is considerably shorter in

QRS Axis

children. The interval varies with age and heart rate

As previously outlined, the right ventricle is the

and may be the consequence of the smaller cardiac

dominant ventricle in the newborn infant, and the

muscle mass. In neonates, the normal PR interval

electrocardiogram

duration may be as short as 80 milliseconds.

will

show

right

ventricular

dominance and right axis deviation. In the precordial

Accordingly,

leads, the R wave amplitude will be increased in leads

atrioventricular node conduction delay may be present

V1 and V2, and decreased in leads V5 and V6. With

in young children with minimal PR prolongation or in

the cardiac hemodynamic changes which occur in the

the presence of what may appear as a "normal" PR

first 1-3 years of life, the left ventricle increases in size

interval. Up to 20–30% of normal infants and children

and the QRS axis will shift from rightward to a more

display changes in P wave morphology associated with

leftward axis. Consequently, across the precordium,

slowing of the heart rate and a shortening on the PR

the R wave amplitude gradually decreases in leads V1

interval. These are episodes of junctional rhythm

and V2, and gradually increases in leads V5 and V6.

which usually follow a gradual slowing of the sinus rate

The mean and ranges (parentheses) of QRS axis are as

during sleep, yet may be seen during waking hours. In

follows : at 1 week to 1 month of age + 110° (+ 30° to +

most individuals these episodes are short, lasting no

80°), at 1 to 3 months of age + 70° (+10° to + 125°) ,

more than a few seconds to a minute, although

from 3 months to 3 years of age + 60° (+10° to 110°),

occasionally more prolonged episodes lasting several

older than 3 years of age + 60° (+ 20° to 120°), and

hours have been reported. A commoner pattern is for

adult age + 50° ( -30° to 105°). A superior QRS axis(S

many short self-limiting episodes to occur over several

wave greater than R wave in a VF) is seen in congenital

hours during sleep [9]. Prolongation of the PR interval

heart defects such as atrioventricular septal defects,

(first degree AV block) may be seen with my ocarditis,

tricuspid atresia, or with right bundle branch block. It

congenital heart defects (atrioventricular septal defects,

is

atrial septal defect, Ebstein's anomaly). A short PR

rarely

seen

in

Electrocardiographic Intervals

normal

children.

one

needs

to

be

attentive

as

interval is seen with pre-excitation as in the Wolff-
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Parkinson - White syndrome and the Lown-Ganong-

values for R and S wave amplitudes observed in

Levine syndrome.

children are generally significantly greater in the

QRS complex

studies of Macfarlane [6] and Rijnbeek [4] as

The

sequence

of

endocardial

and transmural

compared with the Davignon study [2].

activation results in the characteristic waveforms of the

QT interval

QRScomplex.QRS patterns are described by the

The QT interval extends from the onset of the QRS

sequence of waves constituting the complex. An initial

complex to the end of the T wave. Thus, it includes

negative deflection is called the Q wave, the first

the total duration of ventricular activation and recovery

positive wave is the R wave, and the first negative wave

and, in a general sense, corresponds to the duration of

after a positive wave is the S wave. A second upright

the ventricular action potential. Accurately measuring

wave following an S wave is an R ′ wave. Tall waves are

the QT interval is challenging for several reasons,

denoted by upper case letters and smaller ones by

including identifying the beginning of the QRS

lower case letters. A monophasic negative complex is

complex and end of the T wave, determining which

referred to as a QS complex. The normal QRS

lead(s) to use, and adjusting the measured interval for

complex duration is shorter in children than in adults,

rate, QRS duration, and gender. Because the onset of

probably the result of the smaller cardiac muscle mass

the QRS and the end of the T wave do not occur

in children. For neonates, the normal QRS complex

simultaneously in every lead, the QT interval duration

duration can be as short as 30 milliseconds and

will vary from lead to lead by as much as 50 to 65

increases progressively with age. Hence, conduction

msec. When the interval is to be measured from a

abnormalities may be present in what appears as a

single lead, the lead in which the interval is the longest,

normal or nearly normal QRS complex duration in

most commonly lead V 2 or V 3 , and in which a

young children. The mean age dependent QRS

prominent U wave is absent should be used. This is

duration and upper limits of normal represented in

lead II or V 5. In automated electrocardiographic

parentheses are as follows: 0-1 year, 50 milliseconds

systems, the interval is typically

(70 milliseconds); 1-3 years, 60 milliseconds (70 milli

composite of all leads, with the interval beginning with

seconds); 3-8years, 70 milliseconds (80 milliseconds);

the earliest onset of the QRS in any lead and ending

8-12 years, 70 milliseconds (90 milliseconds), 12-16

with the latest end of the T wave in any lead.

years 70 milliseconds (100 milli seconds); adult, 80

The duration of the QT interval varies widely in the

milliseconds (100 milli seconds). The amplitude of

general population. This is a result of the substantial

the R waves in the right precordial leads of normal

variation

children decreases with age while the amplitude

recordings in the same person (explaining as much as

increases in the left precordial leads. Similarly inverse

one third of the variation), as well as inter individual

changes occur with respect to the S wave amplitude.

variations

There is considerable individual variation in the rate at

metabolic, and genetic factors.

which these changes occur. As a general rule, the R/S

interval decreases as heart rate increases, as does the

ratio in V1 remains greater than 1 up to around 3

duration of the normal ventricular action potential

years of age but may remain above 1 in some normal

duration and refractoriness. Thus, the normal range

individuals up to the age 8 to 12 years. The absolute

for the QT interval is rate-dependent. This variability
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in

in

measurements

various

measured from a

between

biologic,

repeated

pharmacologic,
The normal QT

is related in part to genotypic differences affecting

should be achieved [10].

heart rate as well as the structure and function of

In the studies by Davignon and Rijnbeek the mean

repolarization channels. Rate adaptation occurs in two

QTc Bazett was in the vicinity of 410 milliseconds

phases, with a rapid phase that changes the QT

throughout childhood with an upper limit of normal of

interval within 30seconds of a rate change and a slower

450 milliseconds.

one that responds over several minutes.

The influence of gender on the QT interval does not

Numerous formulas have been proposed to correct

appear to be of significance in prepubertal children.

the measured QT interval for this rate effect.

A

Studies have shown that the QTc is significantly longer

commonly used formula was developed by Bazett in

in girls from the age of 14 years, probably due to

1920. The result is a corrected QT interval, or QTc

shortening of the QTc in boys rather than

defined by the equation: QTc = QT /√RR interval

prolongation in girls [11,12]. In adolescent

where the QT and RR intervals are measured in

QTc of 460 milliseconds would be considered as the

seconds. The Bazett formula has limited accuracy in

upper limit of normal.

predicting the effects of heart rate on the QT interval.

Long QT intervals may be seen with hypocalcemia,

Large data base studies have shown that the QTc

myocarditis, cardiomyopathies, long QT syndrome

interval based on the Bazett formula remains

and QT prolonging drugs.

significantly affected by heart rate and as many as 30%

P wave

of normal ECGs would be diagnosed as having a

Atrial activation begins with impulse generation in the

prolonged QT interval when this formula is used. The

atrial pacemaker complex in or near the sinoatrial

formula, in general, overcorrects the QT interval at

(SA) node. Once the impulse leaves this pacemaker

high heart rates and under corrects at low rates. Many

site, atrial activation begins in one or, in many cases,

other formulas and methods for correcting the QT

simultaneously in several areas of the right atrium.

interval for the effects of heart rate, including linear,

Propagation then proceeds rapidly along the crista

logarithmic, hyperbolic, and exponential functions,

terminal is and moves anteriorly toward the lower

have been developed and tested. Each has a different

portion of the right atrium. In most people, the left

normal range.

atrium is activated first by propagation across

In pediatric practice the Bazett formula has been the

Bachmann’s bundle, which extends from the anterior

standard formula used and continues to be routinely

right atrium, above the fossa ovalis to the left atrium,

used. In infants, the normal Bazett QTc is longer than

near the right upper pulmonary vein. Other routes of

in older children and may be as long as 490

interatrial spread include paths within the fossa ovalis

milliseconds in the first 6 months of life. Furthermore,

or near the coronary sinus either alone or, more

the Bazett formula tends to overcorrect the QT

commonly, in combination with conduction in

interval at higher heart rates. This discrepancy in the

Bachmann’ s bundle.es anteriorly toward the lower

evaluation of the QTc interval in infants and children

portion of the right atrium. P wave patterns in the

is noteworthy, particularly when relying on computer

precordial leads correspond to the direction of atrial

analysis of electrocardiogram intervals.

activation wave fronts in the horizontal plane. Atrial

The principle of correction for heart rate is widely

activation early in the P wave is over the right atrium

accepted, but there remains debate as to how this

and is oriented primarily anteriorly; later, it shifts
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girls a

posteriorly as activation proceeds over the left atrium.

The T wave may be followed by an additional low

Thus, the P wave in the right precordial leads (V 1

amplitude wave known as the U wave. This wave,

and, occasionally, V2) is upright or, often, biphasic,

usually less than0.1 mV in amplitude, normally has the

with an initial positive deflection followed by a later

same polarity as the preceding T wave. It is largest in

negative one. In the more lateral leads, the P wave is

the leads V 1 and V 2 and it is most often seen at

upright and reflects continual right to left spread of the

slower heart rates. Its electro physiologic basis is

activation fronts. Variations in this pattern may reflect

uncertain; it may be caused by the late repolarization

differences in pathways of interatrial conduction.

of the Purkinje fibres, by the long action potential of

The normal P wave is less than 3 mm in amplitude

midmyocardial M cells, or by delayed repolarization in

and shorter than 70 milli seconds in duration in

areas of the ventricle that undergo late mechanical

infants. It is usually less than 90 milliseconds in

relaxation. Most common causes of prominent U

duration in children. Dickinson upholds that the P

waves include hypokalemia, and a normal finding at

wave amplitude does not change significantly during

slower heart rates as seen in sinus bradycardia.

childhood and at any age amplitudes in excess of 0.25

Q waves

milli volts in lead II should be regarded as exceeding

Normal Q waves are usually narrow (average 0.02

the upper limit of normal [9].

seconds and less than 0.03 seconds).They are usually

T Waves

less than 5mm deep in the left precordial leads and a

At birth, the T wave is usually upright, can be flat, or

VF. They may be as deep as 8 mm in lead II, III, a

even inverted. Within a few days after birth the T wave

VF, V5, V6 in children younger than 3 years. There is

becomes normally inverted.

An upright T waves at

a trend for the amplitude to double over the first few

this age may indicate right ventricular hypertrophy

months of life; reaching a maximum at about 3-5years

(RVH). This childhood pattern of T wave inversion is

of age and diminishing there after back towards the

usually observed in the anterior precordial leads, leads

initial value of the newborn period. Q waves are

V1-V3, upto the age of 8 years of age but may persist

abnormal if they appear in the right precordial leads

into early adolescence. In early childhood there is a

i.e. V1 and may represent severe right ventricular

progression to the T wave becoming upright in the

hypertrophy. They are absent in the left precordial

sequence V3, V2, V1. The T wave in V5 and V6

leads for instance in the presence of left bundle

should be upright at all ages.

branch block.

Tall peaked T waves may be seen in hyper kalemia

They are abnormally deep in the presence of

and left ventricular hypertrophy due to volume

ventricular hypertrophy due to volume overload. If

overload and benign early repolarization. Flat T waves

abnormally deep and wide one needs to consider

are seen in normal newborns, hypothyroidism, hypo

myocardial infarction or fibrosis.

kalemia, digitalis, pericarditis, myocarditis, and my

J waves

ocardialischemia. Large, deeply inverted T waves are

A J wave is a dome or hump-shaped wave that appears

seen with raised intracranial pressure due to for

at the end of the QRS complex. It may be prominent

example intracranial hemorrhage, or traumatic brain

as a normal variant and in certain pathologic

injury.

conditions, such as system ichypothermia (where it is

U waves

referred to as an Osborn wave) and the Brugada
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syndrome. Its origin has been related to a prominent

concave ST segment with upright T waves is normal in

notch (phase 1) of the action potentials on the

adolescents and young adults.

epicardium but not on the endocardium.

Pathological ST segment changes are commonly

ST segment

associated with T wave changes and occur in

The normal ST-T wave begins as low amplitude,

pericarditis, myocardial ischemia or infarction, severe

slowly changing wave (the ST segment) that gradually

ventricular hypertrophy (ventricular strain pattern) and

evolves into a larger wave, the T wave. The onset of

digitalis effect.

the ST-T wave is the junction, or J point, and it is

Effect of Electrolyte Abnormalities on the

normally at or near the is o electric baseline of the

Electrocardiogram

ECG. The level of the ST segment is generally

1.Calcium abnormalities

measured at the J point or, in some applications such

Hypercalcemia and hypocalcemia predominantly alter

as exercise testing, 40 or 80 milliseconds after the J

the

point. The polarity of the ST-T wave is generally the

extracellular calcium concentration shortens the

same as the net polarity of the preceding QRS

ventricular action potential duration by shortening

complex. Thus, T waves are usually upright in leads I,

phase 2 of the action potential. In contrast,

II, a VL, and a VF and the lateral precordial leads.

hypocalcemia prolongs phase 2 of the action potential.

They are negative in lead a VR and variable in leads

These cellular changes correlate with abbreviation and

III, V 1, and V 2.

prolongation of the QT interval (ST segment portion)

The amplitude of the normal J point and ST segment

with hypercalcemia and hypocalcemia, respectively.

varies with race, gender, and age. It is typically highest

Severe hypercalcemia (e.g. serum calcium above 15

in lead V 2, and it is higher in young men than in

mg/decilitre) can also be associated with decreased T

young women and higher in African Americans than

wave amplitude, sometimes with T wave notching or

in whites.

inversion. Hypercalcemia sometimes produces a high

The normal ST segment is isoelectric. In the limb

take-off of the ST segment in leads V 1 and V 2 and

leads 1 mm ST segment elevation or depression may

can thus simulate acute ischemia. The T wave is

be normal in children (Figure 2).

relatively unaffected in both conditions (Figure 3).

Figure 2: Examples of ST segments
A = upsloping ST depression / J-point depression (normal variant),
B = downsloping ST depression (usually abnormal),and
C = horizontal ST depression (usually abnormal).

action

potential

duration.

An

increased

Figure 3: ECG changes encountered with different serum calcium levels.

Potassium abnormalities

An ST segment with a gentle upward slope (J

1. Hyperkalemia: Hyperkalemia is associated with a

depression) is considered normal. However a

distinctive sequence of ECG changes. The earliest

horizontal or downward 'sagging' ST depression is

effect is usually narrowing and peaking (tenting) of the

considered pathological. Early repolarization, elevated

T wave. The QT interval is shortened at this stage,
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associated with decreased action potential duration.

2.

Hypokalemia:

Progressive extracellular hyperkalemia reduces atrial

associated

and ventricular resting membrane potentials, thereby

polarization of myocardial cell membranes and

inactivating sodium channels, which decreases V max

increased action potential duration. The major

and conduction velocity. The QRS begins to widen

electrocardiographic manifestations are ST depression

and P wave amplitude decreases. PR interval

with flattened T waves and increased U wave

prolongation can occur, followed sometimes by

prominence. The U waves can exceed the amplitude

second- or third-degree AV block. Complete loss of P

of T waves. Clinically, distinguishing T waves from U

waves may be associated with a junctional escape

waves can be difficult or impossible from the surface

rhythm or so-called sinoventricular rhythm (Figure 4).

ECG. Essentially, apparent U waves in hypokalemia

with

Electro

physiologic

hypokalemia

include

changes
hyper

and other pathologic settings may actually be part of T
waves whose morphology is altered by the effects of
voltage gradients between M, or midmyocardial, cells,
and adjacent myocardial layers. The prolongation of
repolarization with hypokalemia, as part of an
acquired long QT (U) syndrome, predisposes to
torsade de pointes. Hypokalemia also predisposes to
tachyarrhythmia from digitalis.
When the serum potassium is less than 2.5 mmol/L,
Figure 4: ECG changes encountered with the different serum potassium

T waves become flat or biphasic and ST segment

levels.

depression may appear. With further fall of serum
potassium the PR interval prolongs and sinoatrial

In the latter instance, sinus rhythm persists with

block may occur (Figure 4).

conduction between the SA and AV nodes and occurs

3. Extra systoles: Isolated ventricular premature beats

without producing an overt P wave. Moderate to

may be identified on a routine resting ECG in 0.2–

severe

ST

2.2% of normal children.13Viewed from ambulatory

elevations in the right precordial leads (V1 and V2)

Holter monitoring these extra systoles are rather

and simulates an ischemic current of injury or

common, occurring in 20-30% of younger children

Brugada-type patterns.

However, even severe

and up to 40% of teenage boys. The extra systoles are

hyperkalemia can be associated with atypical or non-

often isolated, have uniform morphology, and are

diagnostic ECG findings. Very marked hyperkalemia

often related with periods of slower heart rates. In a

leads to eventual a systole, sometimes preceded by a

small number of individuals multifocal extra systoles

slow undulatory (“sine-wave”) ventricular flutter-like

are seen and ventricular couplets of ectopic activity are

pattern. The electrocardiographic triad of (1) peaked

occasionally detected. The extra systole frequency is

T waves (from hyperkalemia), (2) QT prolongation

commonly no more than 1-5 per hour, however

(from

(from

occasionally individuals exhibit much more frequent

hypertension) is strongly suggestive of chronic renal

ectopic activity or even long periods of ventricular

failure.

bigeminy (Figure 5).

hyperkalemia

hypocalcemia),

occasionally

and

(3)

induces

LVH
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Figure 5: ECG taken from a patient with right bundle branch block and
ventricular bigeminy.

The pattern of extra systoles which are suppressed on
exercise can be considered almost certainly benign.
Figure 6: ECG from a patient with frequent supraventricular extrasystoles.
Note the incomplete compensatory pause.

This interpretation has not been backed by longer
term follow up data [13]. A warning note has been
expressed by the observation that some children with

4.

benign ventricular ectopy have greater corrected QT

common in pediatric patients seen in the emergency

interval dispersion when compared to randomly

department. As previously indicated, the normal range

selected controls [14]. Abnormal QT dispersion may

for heart rate decreases with age and an increased

be a feature of patients with long QT syndrome. The

basal rate can be normal, in young children.

clinical implications of children with benign ventricular

Moreover, since cardiac output is more dependent on

ectopy and this finding needs further clarification.

heart rate than stroke volume in children, a fast heart

In older teenagers taking part in athletic training

rate can be a normal physiologic response to stressors

ectopic activity is seen in about 50%, similar to the

such as fever, dehydration, and pain, which is a

observed prevalence reported in normal adults [15].

common presenting complaint in the emergency

The ectopic activity in these individuals did not occur

department.

at slower heart rates, with less ectopic

complexes

The term Supra Ventricular Tachycardia (SVT)

during sleep, but rather at higher heart rates than in

includes any arrhythmia originating above and

normal age matched controls.

including the bundle of His, and specifically excludes

Isolated supra ventricular premature beats (Figure 6)

atrial fibrillation. This is the commonest pediatric

are fairly common at all ages. In a study on newborns

tachyarrhythmia encountered occurring with an

infants [16] premature beats were found in 14%, all of

estimated frequency between 0.1 -0.4% [17].

which were supra ventricular. In older children supra

Three

ventricular premature beats were reported amongst

described. In the most common, re-entry tachycardia,

15-40% of individuals studied. The usual pattern is for

the re-entry circuit can originate within the atrium

isolated ectopic beats to occur at a frequency of less

producing atrial flutter or fibrillation, at the level of the

than one per hour but occasional individuals (often in

AV node (AV node reentry tachycardia with dual

the newborn period) will be encountered with more

pathways), or via an accessory pathway connecting the

frequent ectopic activity of up to 10 per hour.

atrium with the ventricle, AV Re-Entry Tachycardia

Couplets were occasionally seen though sustained

(AVRT).

supra ventricular tachycardia, even of short duration,

tachycardia, which results from an enhanced automatic

was not observed in these studies of normal children.

focus anywhere in the atria.
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Tachydysrhythmias:

mechanisms

A

second

Tachydysrhythmias

of

tachycardia

mechanism

have

is

are

been

automatic

Sinus tachycardia is commonly seen in the setting of

involves two distinct pathways between the atria and

fever, anemia, hypovolemia, and medications known

ventricles, which create an electrical reentry circuit

to increase catecholamines and is uncommonly

proceeding down the AV node and then up an

associated with underlying cardiac disease. It can be

accessory pathway outside the AV node creating a

distinguished from SVT by the presence of a normal

narrow QRS complex tachycardia (Figure 8). The

sinus P wave preceding every QRS complex and a

much rarer antidromic tachycardia reverses the

normal P wave axis. Sinus tachycardia rates can exceed

direction of conduction, with transmission down the

140 beats per minute in children and 180 beats per

accessory pathway and up the AV node, creating a

minute in infants but are usually less than 200 beats

widened QRS complex, which will present as a wide

per minute.

complex

5. AV Reentry tachycardia: This is also known as

morphology).

accessory-pathway

mediated

tachycardia

tachycardia

(bundle

branch

block

or

orthodromic reciprocating tachycardia. This is by far
the most common type of SVT seen in children,
representing above 80% of arrhythmias occurring
during infancy [18]. The reentry circuit is produced by
anterograde conduction through the AV node and
retrograde conduction through the accessory pathway.
The most common age is during the first 2 months of
life [17]. Presenting symptoms are often non-specific
and vary with age, from "fussiness," poor feeding, or
lethargy in infants to complaints of chest pain,

Figure 7: ECG recordedfrom an infant presenting with orthodromic
atrioventricularre-entry tachycardia. P waves can be seen buried in the T
waves in the precordial leads.

shortness of breath, or dizziness in older children. In
infants, the heart rate is typically above220 beats per
minute, and in children the heart rate is above 180
beats/min. On the ECG, the rhythm is fast and
extremely regular, and the QRS complex is narrow
with no preceding P wave activity, usually narrow QRS
complex tachycardia (QRS duration less than 80
milliseconds) at 220-320 beats per minute in infants
and 150-250 in older children. The P wave is usually
invisible, or if visible is abnormal in axis and may be

Figure 8: pathway of conduction in orthodromic AV re-entry
tachycardia (circuit created from conduction down the AV node and
retrograde conduction through the accessory pathway).

sandwiched between the QRS complexes (retrograde
P waves) (Figure 7). Half of the patients with SVT will

Once normal sinus rhythm is re-established, 25% of

have no underlying heart disease. Consider fever or

patients manifest ventricular pre-excitation in the form

drug exposure (particularly use of sympathomimetic

of a delta wave on electrocardiogram, consistent with

drugs) as a possible underlying cause. A quarter of the

Wolff-Parkinson-White syndrome (WPW) (Figure 9);

patients will have congenital heart disease. AVRT

the remainder of patients have a “concealed” pathway
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that is not evident during sinus rhythm. The only

through the accessory connection and retrograde

difference between the two forms is the presence of

through the AV node to complete the circle of

manifest antegrade conduction to the ventricle in

conduction) also known as antidromic AV reentry

WPW through the bundle of Kent. Because

tachycardia.

conduction through the pathway can occur before the

The most common tachycardia in patients with the

AV node is activated, a shortened PR interval for age,

Wolff-Parkinson-White

slurred QRS upstroke (delta wave) and widened QRS

orthodromic AVRT. AVRT can occur in patients

indicative of ventricular pre-excitation from the

without

accessory pathway, and evidence of repolarization ST

Electrocardiogram (ECG). In these cases, anterograde

segment/T wave abnormalities (Figure 9) are manifest.

conduction over the pathway in normal sinus rhythm

This also creates the potential for rapid ventricular

is not possible or very slow, and the pathway is

response down the bundle of Kent during atrial

referred to as “concealed” (as opposed to “manifest”).

fibrillation (rare in children), which can result in

In adolescents and adults, the most common cause of

ventricular fibrillation and sudden death. Thus,

SVT is an atrioventricular nodal reentry tachycardia.

although acute management of SVT is the same for

This is also is due to a re-entry circuit but with

patients with concealed and manifest pathways,

pathways that involve the AV node. In this

definitive ablative therapy in patients with WPW is

tachycardia, there are also two discrete conduction

compelling.

limbs, a “slow” pathway which usually conducts

pre-excitation

(WPW)
on

syndrome
the

is

resting

antegrade, and a “fast” pathway which usually conducts
retrograde (Figure 10).

Figure 9: ECG recorded from a child with preexcitation (Wolff –
Parkinson White syndrome). Note the short PR interval followed by a
delta wave.

SVT may be well tolerated in infants for 12-24 hours
followed by congestive heart failure which manifests
with irritability, poor perfusion, pallor, poor feeding
and then rapid deterioration.
Of note is that more than

Figure 10: diagram of AV node conduction. A – Normal conduction
down fast pathway, slow pathway refractory. B – Premature beat finds
fast pathway refractory, conducts through slow pathway. C – Slow – fast
AV nodal re-entry tachycardia.

This accounts for approximately 15% of SVT in the
95% of wide complex

tachycardias in pediatrics are not

pediatric age group, increases with age, and is rarely

ventricular

seen in infants [19]. These two types of tachycardia are

tachycardia, but SVT with aberrancy, SVT with

often clinically indistinguishable, having similar rates

bundle branch block (in pre-existing congenital heart

and being well-tolerated in most patients. The

disease) or a type of accessory pathway with

exception is the infant with AVRT, in whom

antidromic re-entrant SVT (anterograde conduction

tachycardia can go unrecognized for prolonged
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periods,

resulting

cardiovascular

threatening arrhythmia recognized as a cause of

deterioration. Fortunately, initial therapy is identical in

sudden death in both adults and pediatrics. It is rare in

both types of SVT. Briefly interrupting conduction

children and accounts for about 6% of patients

through the AV node with adenosine terminates both

followed for tachycardias [21].

types, and long-term medication or ablative choices

unrecognized until the child acutely decompensates,

are very similar.

presenting with syncope, mental status changes,

6. Ectopic atrial tachycardia: Ectopic atrial tachycardia

congestive

is uncommon, accounting for about 10% of SVT in

Recognition of this arrhythmia and knowledge of its

children [20].

It is the most common form of

treatment is critical as VT may lead to ventricular

incessant Supra Ventricular Tachycardia (SVT) in

fibrillation and subsequent cardiopulmonary arrest.

children. Its mechanism is due to enhanced

VT is defined as a series of three or more repetitive

automaticity of single or multiple foci outside the sinus

excitations originating from an ectopic focus in the

node and is often refractory to medical therapy and

ventricle at a rate above 120 beats per minute.

cardioversion.

ectopic

Originating below the bundle of His, rates can range

tachycardia is based on the presence of a narrow

from just over the sinus rate to well over 200 beats per

complex tachycardia (in the absence of aberrancy or

minute. The ECG will reveal a QRS complex that has

preexisting bundle branch block) with visible P waves

a different morphology or axis from the underlying

at an inappropriately rapid rate. The rates range from

sinus rhythm. The QRS complex duration is usually

120 to 300 beats per minute (bpm) and are typically

prolonged, exceeding 0.08 seconds in infants and 0.09

higher than 200 bpm, although physiologic rates may

seconds in children older than 3 years. Episodes

be observed. Ectopic atrial tachycardia is the most

lasting less than 30 seconds are termed non-sustained

common

tachycardia-induced

VT and those more than 30 seconds as sustained VT.

cardiomyopathy due to its persistent and chronic

VT can further be classified as monomorphic, with a

nature. The precise etiology is unknown, however,

regular rate and a single QRS morphology, versus

viral illness, atrial tumors and genetic predisposition

polymorphic, with variability in rate and QRS

have been implicated. Clinical presentation depends

morphology.

on the extent of cardiac dysfunction, with most

automaticity, reentry and triggered tachycardia exist in

patients presenting with minor symptoms in the setting

VT as for other arrhythmias. Hallmarks are prolonged

of preserved function. It is predominantly observed in

QRS duration for age and Ventricular Atrial (VA)

infants and children with structurally normal hearts.

dissociation with ventricular rates exceeding atrial rates

Patients present with symptoms of chest pain,

(AV ratio < 1:1). When VA conduction is 1:1, VT

palpitations, pre-syncopal or syncopal events. Older

cannot be excluded. Features consistent with the

children may present with exercise intolerance or be

diagnosis of VT rather than SVT with a wide QRS

asymptomatic. Infants may present with feeding

include variation in RR interval and presence of

difficulties, diaphoresis with feeds or in respiratory

intermittent fusion complexes and capture beats.

distress secondary to chronic tachycardia.

Complexes may appear uniform or vary from beat to

Ventricular tachycardia

beat as in polymorphic VT.

Ventricular tachycardia (VT) is a potentially life-

The etiology is widely variable and includes idiopathic,

The

cause

in

gradual

diagnosis

of

of

atrial
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failure,

The

or

same

VT may go

hemodynamic

basic

instability.

mechanisms

of

drug toxicity, cardiomyopathy, myocarditis, cardiac

bradycardia other than congenital heart disease is

tumors

Clinical

varied and includes increased intracranial pressure,

presentation may be variable. It may present with

electrolyte abnormalities, respiratory compromise,

symptoms ranging from dizziness and palpitations to

hypothyroidism and certain medications. The need for

syncope and cardiac arrest. Notably in children, the

acute treatment for sinus bradycardia itself is rare. The

QRS complex may not be absolutely "wide," even after

presence of sinus bradycardia in an otherwise healthy

adjustment is made for the patient's age. This is

appearing child is generally of no concern, although

particularly true in infants in whom the QRS complex

anorexia nervosa should be considered. In the

duration in VT may range from 0.06 seconds to 0.11

moribund patient with sinus bradycardia, urgent

seconds. In older children, the QRS complex is more

determination of the underlying cause is of paramount

often prolonged (above 0.09 seconds). The clinician

importance. Symptomatic patients with true sinus

needs to be aware of this age-related QRS complex

node dysfunction and/or those with coexistent

width variation; failure to do so may result in

tachycardias are likely to require elective pacemaker

misidentification

implantation.

and

metabolic

of

a

abnormalities.

malignant

ventricular

dysrhythmia as a sinus tachycardia or SVT.

9. Second-degree heart block: Second-degree heart

7. Bradycardias: Bradycardias are a group of disorders

block denotesintermittent failure of

that include sinus node dysfunction and abnormal

through the AV node. It is further subdivided into

conduction through the AV node. AV conduction

Mobitz type I (Wenckebach), a gradual PR interval

abnormalities include first, second, or third-degree

prolongation followed by a non-conducted beat, and

heart block. First-degree heart block, prolongation of

Mobitz type II, an abrupt loss of conduction without

PR interval without loss of conduction, does not cause

previous change in PR interval duration. Mobitz type I

bradycardia or hemodynamic instability and is

is generally more benign and may be a normal finding

primarily of interest as a marker for an underlying

in adolescents during sleep. Other causes are similar

cause. Causes of first-degree block are numerous and

to those described for first-degree heart block.

include enhanced vagal tone, previous cardiac

Treatment is aimed at underlying reversible causes.

surgeries, myopathies, and infections including Lyme

Progression to higher degree block has been reported

disease,

and symptomatic patients may benefit from treatment

myocarditis,

endocarditic

and

conduction

hypothyroidism.

with atropine or isoproterenol. Mobitz type II is

8. Sinus bradycardia and sinus node dysfunction:

thought to be more likely to progress to complete

Sinus bradycardia can result from multiple disease

heart block. Elective pacemaker implantation has been

states, most of which are not primary cardiac. The

advised for symptomatic patients in this group [22].

exception is sinus node dysfunction, an abnormality of

10. Third-degree AV block: Third degree AV block is

impulse generation and propagation of the sinus node

the absence of conduction from the atria to the

usually caused in pediatrics by direct injury or

ventricle, manifested by AV dissociation (Figure 11).

disruption of blood supply to the node from previous

QRS duration of the junctional escape rhythm may be

cardiac surgery. Associated atrial reentry tachycardias

normal or prolonged. Third-degree block can be

are common and when they occur, the term “brady-

congenital, or isolated mainly associated with maternal

tachy syndrome” is applied. Etiology of sinus

collagen vascular disease. During pregnancy, it usually
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is seen in association with certain autoimmune anti

prolonged QRS complexes. In infants and young

bodiesanti-Ro/SSA and anti-p200 antibodies which

children, the normal QRS complex duration is shorter

cross the placenta and damage the atrioventricular

than in adults and thus the diagnosis can be difficult to

(AV) node of the fetus. The mother can be completely

make. In addition, incomplete right bundle branch

asymptomatic in presence of these autoimmune

block can be a normal part of the involution of right

antibodies or may have a diagnosis of an autoimmune

ventricular forces during infancy and early childhood.

disorder such as systemic lupus erythematosus,

In pediatric patients, right bundle branch block (BBB)

Sjögren syndrome. It may also occur with congenital

is more common than left BBB. Right BBB can be

heart disease (corrected transposition of the great

seen

arteries, L-Transposition of

arteries,

atrioventricular defects, ventricular septal defects, and

heterotaxy (left isomerism), complete atrioventricular

after repair of tetra logy of Fallot and ventricular septal

septal defect), or acquired, due to AV node injury

defects. Left BBB is rare in children and the

from cardiac surgery, viral myocarditis, Lyme disease,

possibility of WPW should be considered as this

or metabolic, neuromuscular disorders, Kawasaki

syndrome can mimic a left BBB pattern on ECG [23].

disease and rheumatic fever.

12. Long QT syndrome: The long QT syndrome

asymptomatic

when

the

great

Many children are

diagnosed.

In

with

atrial

septal

defects,

complete

infancy,

(LQTS) is characterized by a prolonged QT interval

symptomatic patients may appear severely ill at

on 12 lead electroc1ardiograms (Figure 12) that can

presentation. Older children and adolescents may

progress to a polymorphic ventricular tachycardia

present with symptoms of exercise intolerance, fatigue,

known as torsade de pointes (Figure 13).

dizziness, syncope or signs of congestive heart failure.
Sudden death may occur. Most patients eventually
require pacemaker implantation, unless the cause is
reversible such as in Lyme disease, where temporary
pacing may suffice.

Figure 12: ECG from a young girl with long QT syndrome. The
calculated QTc is 500 milliseconds.

Figure 11: ECG recorded from child with 3rd degree AV block. Note
complete AV dissociation, junctional escape rhythm 60 per minute, P
wave rate 120 per minute.

11. Intraventricular Conduction Abnormalities
Intraventricular conduction blocks can result in
variable QRS complex duration, though blocks

Figure 13: ambulatory two channel recording from the same patient as
in Figure 12, displaying onset of torsade des pointes polymorphic
ventricular tachycardia.

located in the bundle branches result in abnormally
Citation: Benatar A.(2017). The Pediatric Electrocardiogram. Ann Cardiol Cardiovasc Dis. 2017. 2(1): 1009.

Clinically, torsade de pointes can produce syncope,

Acquired LQTS usually results from drug therapy,

ventricular fibrillation or even sudden cardiac death.

hypokalemia, or hypomagnesaemia. The major classes

23 Episodes may be provoked by various stimuli,

of drugs that prolong the QT interval include anti

depending on the subtype of the condition. It is

arrhythmic drugs, certain non-sedating antihistamines

defined as a ventricular rhythm faster than 100 beats

(terfenadine and astemizole), macrolide antibiotics,

per min with frequent variations of the QRS axis,

certain psychotropic medications and certain gastric

morphology, or both. These variations take the form

motility agents (cisapride). Virtually all of the drugs

of a progressive, sinusoidal, cyclic alteration of the

that produce LQTS act by blocking the IKr current

QRS axis. The peaks of the QRS complexes appear to

mediated by the potassium channel encoded by the

"twist" around the isoelectric line of the recording;

KCNH2 gene [26,27]. Some patients with acquired

hence the name torsade des pointes or "twisting of the

LQTS have an underlying "forme fruste" of congenital

points". The prevalence of congenital LQTS is

LQTS. In clinical practice, arrhythmia occurrence is

reportedly 1 in 2000. A total of 15 genes have been

determined not only by the inherent property of a

reported in autosomal dominant forms of Romano -

drug

Ward-type congenital LQTS. Moreover, most of the

electrophysiological activity of cardiac myocytes, but

genetic abnormalities identified thus far appear to

also by many other factors modifying individual risk of

prolong the duration of action potentials by decreasing

QT prolongation and subsequent proarrhythmia

the potassium current (loss-of-function mutation) or

propensity.

increasing the sodium or calcium current (gain-of-

Conclusion

function

QT

In conclusion, an understanding of the pediatric ECG

prolongation on the ECG. Between 1995 and 1996,

is essential so that subtle abnormalities are not missed.

three major causative genes were recognized for

Knowledge

LQTS and associated with LQTS types 1-3: KCNQ1-

interpretation, including awareness of the age-related

encoding Kv7.1 (for LQT1), KCNH2 encoding

normal findings as it relates to heart rate, intervals, axis

Kv11.1 (for LQT2) and SCN5A encoding Nav1.5.

and waveform morphologies, is critical. Clinicians

Shimizu et al reported that the three major genes

require an understanding of the cardiac physiologic

constituted more than 80% of the total genotyped

changes associated with age and maturation, and its

patients with LQTS.23 Abnormalities of the three

adaptation from right to left ventricular predominance.

LQTS-associated genes detected have approximate

A fundamental understanding of common pediatric

rates of 30%–35%, 25%–40% and 5%–10% for LQTS

dysrhythmias and findings associated with congenital

types LQT1, LQT2 and LQT3, respectively [24].

heart diseases and other common pediatric cardiac

LQTS can be inherited in an autosomal dominant or

disorders is strongly encouraged.

a much less common autosomal recessive fashion.
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