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The electrocardiogram (ECG) is an important study in the
evaluation of many pediatric disease processes. Critical deci-
sions in the care of the child in the emergency department (ED)
depend on accurate and timely analysis, yet, reading pediatric
ECGs presents a number of challenges to emergency physicians
because of the differences between children and adults, variants
of normal ECGs, and changes
that occur with age. The result-
ing confusion can delay diagno-
sis and lead to inappropriate or
unnecessary care. This article
reviews basic pediatric ECG
interpretation and focuses on the
accurate identification of rhythm
disturbances. The majority of
the discussion is organized by
presenting symptoms recogniz-
ing the problem-focused nature
of an ED visit. Extensive tables
summarize the important aspects
of ECG interpretation, and an
ECG supplement provides sample tracings to further enhance
the clinical skills of the emergency physician.   

—The Editor

Introduction
Common reasons for obtaining an ECG on a child include:

chest pain, irregular or rapid heart beats, seizure, syncope,
cyanosis, drug exposure, electrolyte disturbances, and an abnor-
mal cardiac examination.1

These indications foster an approach to pediatric ECG inter-
pretation that emphasizes recognition of abnormal findings and
identification of disease processes that require a cardiac evalua-

tion. A wide variety of chief complaints will be used to illustrate
common and uncommon pediatric ECG abnormalities and
rhythm disturbances in addition to emphasizing the relevant dif-
ferences between children and adults. The major drawback for
this model is that there are rhythm disturbances that occur with
more than one chief complaint. To eliminate repetition, each

major category includes a com-
prehensive differential and the
most important or representa-
tive examples for each situation. 

The Basics of the 
Pediatric ECG

A systematic approach is
essential to ECG interpretation.
This includes an analysis of rate,
rhythm, axis, forces, and repo-
larization. Textbooks, hand-
books, and short reference arti-
cles provide excellent and con-
cise reviews of the basics and

contain the necessary tables listing normal, age-related values.2-4

A favorite pediatric ECG text is an essential reference for the ED.
The child’s ECG changes over time with the normal growth

of the heart. Changes in pulmonary and systemic blood pres-
sures produce corresponding changes in the ECG, such that the
characteristics of normal change every few years.5

Interpretation begins by establishing the heart rate and deter-
mining whether it is normal or abnormal for the age of the
patient. Heart rates requiring rapid cardiopulmonary assessment
are listed by age in Table 1.

Check that the rhythm originates in the sinoatrial node by
noting the axis of the P wave and that the shape of the P wave is
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is prolonged; any QRS interval over 100 milliseconds or 2.5
boxes in length is prolonged.

The corrected QT interval (QTc) should always be calculat-
ed. This ratio is obtained by dividing the QT interval in seconds
by the square root of the preceding RR interval in seconds. The
QTc should be less than a maximum value for age and gender.
For children younger than 15 years, the normal value is less than
0.44 seconds, borderline is 0.44-0.46 seconds, and a prolonged
value is greater than 0.46.6 For female patients older than 15
years, borderline values may extend to 0.47 seconds. A long
QTc interval is a risk factor for ventricular arrhythmias or may
be a marker for the familial long QT syndrome, a condition
associated with sudden unexpected death. 

The six frontal plane leads are I, II, III, aVR, aVL, and aVF.
These will be used to determine the QRS axis. Lead I is exam-
ined first. Subtract the number of boxes below the baseline from
the number above the baseline. If the number is positive, the
range of QRS axis is +90° and -90°. Lead aVF is examined in the
same manner. If the sum of the boxes is positive, the QRS axis
is between 0° and +180°. Next, the frontal lead with the most
isoelectric QRS complex is identified. The QRS axis will point
perpendicular to this lead and lie in the quadrant already identi-
fied from determining the vector forces of leads I and aVF.  

Many variants of normal may be present in a pediatric ECG.
It is normal to have Q waves in leads II, III, and aVF in
neonates. Small Q waves in V5 and V6 are expected after 2-3
days of life.  Deep Q waves in V5 and V6 can be seen with
improperly high lead placement on the chest.

ST segments should not be elevated higher than 1 mm or
depressed more than 0.5 mm in any lead in children. (See Table
2.) African-American adolescents are an exception. They com-
monly have a nonpathologic elevation of the ST segment due to
early repolarization. Hallmarks of early repolarization (generally
benign) are a 1-2 mm elevation at the point where the QRS meets
the ST segment (also called the J point). This is usually seen in the
inferior and lateral precordial leads, and usually not in I and aVL. 

T waves are normally inverted in children older than 4 days
of age in leads V4R and V1. It is not uncommon for T waves to
be inverted throughout the right side of the chest in infancy.
Inverted T waves in leads V4R-V3 can persist throughout adoles-
cence. The T wave should always be upright after the first week
of life in the inferior (II, III, aVF) and lateral (I, V5, V6) leads. T
wave inversion in these leads is always abnormal after the first
week of life. The axis of the T wave is normally between 0° and
+90° in the frontal plane. If the T wave axis differs by more than
60° to 90° from the QRS axis in the presence of ventricular

constant. The P wave axis should be 0 to +90° in patients with
normal atrial depolarization. This can be checked quickly by
noting if the P wave is isoelectric or positive in the frontal leads
I and aVF.  A P wave axis greater than +90° or less than 0° may
be an indication of misplaced limb leads. Each P wave should be
followed by a QRS complex and every QRS complex should be
preceded by a P wave.

Measure the PR interval from the beginning of the P wave to
the beginning of the QRS complex by counting the small boxes
and multiplying by 0.04 seconds/box. The PR interval varies by
age and heart rate. Pediatric cardiology or ECG textbooks provide
normal values for age and heart rate. Usually, the PR interval
increases with age and decreases with heart rate. Short PR inter-
vals under 0.10 seconds can be an indication that the patient is at
risk for supraventricular tachycardia (SVT). Abnormally long PR
intervals are consistent with a diagnosis of first degree heart block. 

Next, measure the duration of the QRS complex beginning
with the first deflection, the Q wave, to the end of the S wave.
QRS duration increases with age. Determine if the QRS interval
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Table 1. Heart Rates Requiring Rapid 
Cardiopulmonary Assessment

AGE HEART RATE

Newborn < 80 bpm or > 200 bpm
0-1 year < 80 bpm or > 180 bpm
1-8 years < 80 bpm or > 180 bpm
> 8 years < 60 bpm or > 160 bpm

Adapted from Pediatric Advanced Life Support Manual. Dallas:
American Heart Association; 1997.
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surgery, Kawasaki’s disease, street-drug use, or family history
of early, sudden, unexpected death in a patient with chest pain
suggests the possibility of cardiac origin. In children referred for
cardiologic evaluation of chest pain, pericarditis, mitral valve
prolapse, myocardial infarction, aortic stenosis, and tach-
yarrhythmias are the most common cardiac-related diagnoses.11

In a large study of pediatric emergency department (PED)
patients with MI secondary to Kawasaki’s disease, chest pain
was the most common symptom in children older than 4 years
of age.12 Children younger than 4 years presented with shock,
vomiting, and chest pain/crying hard. The ECG is an important
component of the diagnostic work-up of children with a suspect-
ed cardiac cause of chest pain. 

ECG abnormalities in patients with cardiac-related chest pain
include: a rapid rate with SVT, abnormalities of the T wave
(usually inverted in the inferior and lateral leads) in patients with
mitral valve prolapse, LVH in patients with severe aortic steno-
sis or HCM, RVH in patients with pulmonary stenosis, the pres-
ence of a prolonged QT interval, or inverted T waves in myocar-
dial ischemia. (See Figure 1 in enclosed supplement.)

Myocardial infarction. ECG criteria have been established
for the diagnosis of childhood MI.13 (See Table 4.) These
include new appearance of wide Q waves (more than 35 ms in
duration), increased amplitude or duration of pre-existing Q
waves, new onset Q waves in serial tracings, Q wave notching,
ST segment elevation greater than 2 mm, and prolonged QTc
longer than 0.44 seconds when associated with any other criteri-
on. ST segments are elevated in leads overlying the infarction.
There may be reciprocal ST segment depression in leads oppo-
site the infarction. T wave changes are common in normal chil-
dren and are too nonspecific to be helpful in diagnosing MI.

hypertrophy, a strain pattern exists that may be a sign of
ischemia.

The criteria for chamber enlargement are age related.7 (See
Table 3.) The ECG correlates with chamber size better in children
than in adults, but the predictive value is 70% at best. Therefore,
an ECG indicative of chamber hypertrophy must be correlated
with the clinical situation. Voltage criteria that are used to diag-
nose ventricular hypertrophy rely on normal conduction. There-
fore, when conduction is abnormal, such as in right bundle branch
block, ventricular hypertrophy cannot be accurately diagnosed.

Right ventricular hypertrophy (RVH) occurs with atrial septal
defect, pulmonary stenosis, tetralogy of Fallot, large ventricular
septal defects with pulmonary hypertension, and coarctation of
the aorta in the newborn. Left ventricular hypertrophy (LVH)
occurs with ventricular septal defect, patent ductus arteriosus,
complete AV block, aortic stenosis, and hypertrophic cardiomy-
opathies (HCM).

The ECG is most effectively used to assess heart rate and
rhythm. The limitations of ECG in the presence of structural
heart disease must be recognized. The ECG can be confusing
and difficult to interpret with malposition of the heart and/or
structural defect. Especially in young infants, an abnormal or
unusual appearance should heighten the suspicion of congenital
heart disease and prompt consideration of performing an
echocardiogram.

Recognition of artifact eliminates another source of confu-
sion in ECG interpretation. The most common type of artifact
results from incorrect positioning of the limb leads, especially
reversing the right arm and the left arm or the right leg and the
left leg. When this happens, only the limb lead tracings are
affected. Since lead 1 and V6 have similar vectors, if the com-
plexes in lead 1 and V6 are completely different, check to see if
the arm leads are reversed. If the chest leads are placed too high,
R waves are diminished and S waves are increased in the left
chest leads and the reverse if they are too low. A P wave axis of
greater than +90° suggests atrial inversion, abnormal atrial depo-
larization, or misplaced leads.

Chest Pain
The overwhelming majority of chest pain in children is non-

cardiac in origin.8,9 Obtaining an ECG on all children with chest
pain is reassuring but offers very low yield and is not cost effec-
tive.10 In most instances a detailed history and physical examina-
tion are sufficient to rule out heart disease and determine the
cause. A history of exertional chest pain, syncope, presyncope,
palpitations, cardiac illness or anomaly, previous cardiac

Table 2. Causes of ST Changes in Children

Infarction/ischemia/contusion
Myocarditis
Head injury
Hyper- or hypokalemia
Pneumothorax
Duchenne’s muscular 

dystrophy
Hyperthyroidism
Early ventricular 

repolarization

Cor pulmonale
Pericarditis
Digitalis
Emetine intoxication
Pneumopericardium
Myotonic dystrophy
Collagen disease
Normal atrial repolarization

Table 3. Criteria for Ventricular Hypertrophy

RIGHT VENTRICULAR HYPERTROPHY

Primary Criteria (at least one)
• R in V1 above the 98th percentile for age
• S in V6 above 98th percentile for age
• Upright T in V1 after three days of age until adolescence

Secondary Criteria (support the diagnosis in the presence of
primary criteria)

• R/S ratio in V1 above the 98th percentile for age
• R/S ratio in V6 < 1 after one month of age
• A qR pattern in V1

• Normal duration RSR’ in V3R or V1 with R’ > 15 mm if , < 1
year, > 10 mm thereafter

LEFT VENTRICULAR HYPERTROPHY

Primary Criteria
• R in V6 above 98th percentile for age
• S in V1 above 98th percentile for age
• Inverted T waves in V6

Secondary Criteria
• R/S ratio in V1 below 2nd percentile for age
• Q wave > 4 mm in V5 or V6

Adapted from Harriet Lane Handbook. 14th ed. St. Louis:
Mosby; 1996.
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Pediatric criteria differ from adult criteria in that there is not a
requirement for Q waves in more than one lead, ST segment
depression is not included, and T wave inversion is not consid-
ered particularly helpful. 

Pericarditis. Pericarditis is classically characterized by chest
pain that is exacerbated by lying down and relieved by sitting up
and leaning forward. Pericarditis is the most common pathologic
cause of ST segment elevation in children, occurring in more
than 90% of patients.14

The ECG changes of acute pericarditis occur in four stages,
usually following a progression of early, widespread ST seg-
ment elevation, and followed over time by T wave inversion. In
stage I, there is ST segment elevation most characteristically in
leads II, aVF, and V3 to V6. Leads aVR and V1 may show recip-
rocal ST depression. PR segment elevation greater than 0.8 mm
can also be seen during stage 1. Stage 2 shows normalization of
ST segments and T wave flattening. (See Figure 2 in enclosed
supplement.) Stage 3 progresses to T wave inversion in leads II
or III, aVF, and V3 to V6. Stage 4 is resolution. 

The QRS complex can be unaffected by pericarditis, even in
patients with large pericardial effusions. 

Pericarditis is differentiated from MI on ECG by the presence
of ST elevation in numerous leads. In MI the ST elevation is
limited to the leads overlying the infarction. The ST segment
elevation in the first stage of pericarditis is usually associated
with an upright T wave, whereas beyond the hyperacute phase
of MI the T wave is usually inverted.

Tachyarrhythmias
Supraventricular tachycardia (SVT) is a nonspecific term,

referring only to a sustained accelerated rhythm that involves
structures above or within the level of the atrioventricular (AV)
junction. Further classification of SVT is based on the anatomic
site and specific mechanism (automatic or reentry) of the tachy-
cardia.15,16 There are at least 16 different types of SVT, but they
may be grouped into three basic categories: Reentry SVTs that
use an accessory pathway, reentry SVTs that do not use an
accessory pathway, and automatic tachycardias.17

Reentrant SVTs account for 90% of the arrhythmias seen in
the pediatric population. The incidence is estimated at 1:250-
1000 children.16 Mechanisms of SVT have age-dependent distri-
butions: Reentry tachycardia using an accessory pathway (i.e.,
Wolff-Parkinson-White) accounts for 80% of SVT in infants.

After infancy, there is a gradual increase of reentry tachycardias
that do not use an accessory pathway, so that by adolescence,
this mechanism accounts for up to one-third of the episodes of
SVT.18,19 Because the etiology of SVT is variable, obtaining an
ECG prior to and after treatment is helpful in delineating the
cause and determining subsequent management. A continuous
lead II tracing should be obtained during treatment.

Clinical presentation can be similar between sinus tachycar-
dia and SVT; differentiating these conditions may be difficult for
the clinician evaluating the child with a narrow complex tachy-
cardia. The clinician must have a thorough understanding of the
differences in a child’s heart rate based on the age of the child as
well as an understanding of the underlying conditions, anxiety,
fever, sepsis, or shock, which may enhance sinus node activity.
Normal heart rates based on age are shown in Table 5.

Sinus tachycardia. Figure 3 in the supplement shows sinus
tachycardia. In infants, the heart rate is usually less than or equal
to 200 bpm. The P wave is often difficult to identify but when
seen as in Figure 3, the morphology is normal and the axis is a
normal 0° to +90° (deflection toward leads I and aVF and away
from lead aVR). Automatic tachycardia may have beat-to-beat
variability in the rate, and the rhythm will gradually slow as the
underlying cause is managed.

Supraventricular tachycardia. Accessory pathway tachycar-
dia, the most common mechanism of SVT in children, is shown in
Figure 4 in the supplement. In SVT, a narrow complex tachycar-
dia, the heart rate is usually greater than 230 bpm in infants,
greater than 200 bpm in young children, and greater than 180 bpm
in teenagers.17 If P wave morphology can be identified, it is abnor-
mal. (See Figure 4 in enclosed supplement.) While most children
have narrow QRS complexes during SVT, it is not uncommon for
children younger than 1 year of age to have a wider QRS with a
left bundle branch block pattern (wide and positive in V6).

17

Wolff-Parkinson-White. The same patient with a normal
sinus rhythm shows the underlying Wolff-Parkinson-White
(WPW) pattern in Figure 5 in the supplement. Recall that
patients with WPW have an accessory AV connection. This
abnormal connection conducts faster than the AV node, so there
is abnormally rapid transit of the wave of depolarization from
the atria to the ventricles. The “pre-excitation” shortens the PR
interval (for age) and causes the initial slurring—the delta
wave—of the QRS complex.20

Ventricular tachycardia. Fortunately, ventricular tachycar-
dia (VT), as seen in Figure 6 in the supplement, is uncommon in
the pediatric population. The majority of children presenting

Table 4. ECG Criteria for MI in Children

• New appearance of wide Q waves (> 35 ms)
• Increased amplitude or duration (> 35 ms) of pre-existing Q

waves
• New onset Q waves in serial tracings
• Q wave notching
• ST segment changes of ≥ 2 mm when associated with other

criterion
• Calculated QTc of > 0.44 sec when associated with other

criterion

Source: Towbin JA, Bricker JT, Garson A. Electrocardiographic
criteria for diagnosis of acute myocardial infarction in child-
hood. Amer J Cardiol 1992;69:1545-1548.

Table 5. Normal Heart Rates Based on Age

RANGES OF NORMAL HEART RATE

Age Awake Sleeping Mean

Newborn to 3 mos. 82-205 80-160 140

3 mos to 2 yr. 100-190 75-160 130

2 yr. to 10 yr. 60-140 60-90 80

> 10 yr. 60-100 50-90 75

Adapted from Pediatric Advanced Life Support Manual. Dallas;
American Association: 1997.
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form of ventricular tachycardia that is difficult to treat success-
fully.25 (See Figure 9 in enclosed supplement.)

Prolonged QTc can be congenital or acquired. The congeni-
tal forms are inherited in a dominant mode of transmission.
Acquired prolongation of the QTc is associated with metabolic
derangements such as hypocalcemia, hypomagnesemia,
hypokalemia, and hypothermia. Numerous drugs, such as
antiarrhythmics, cisapride, antifungals, and erythromycin, also
prolong the QTc .28

Heart block. A wide range of congenital or acquired etiolo-
gies can cause atrioventricular (AV) conduction abnormalities in
children. Congenital heart disease (either pre- or postoperative),
cardiomyopathy, myocarditis, Lyme carditis, and certain drug
ingestions are a few representative examples that may result in a
variety of AV blocks.29 Children without pre-existing risk fac-
tors and structurally normal hearts can also have heart block. In
the patient presenting with syncope, both Mobitz type II second
degree AV block and complete heart block (third-degree block)
should be included in the differential diagnosis.23,26

Mobitz type II second degree AV block is defined as inter-
mittent loss of AV conduction without a preceding lengthening
of the PR interval for at least two consecutive beats.29 While not
very common in children, it causes concern when identified
because of its association with Stokes-Adams attacks and sud-
den cardiac death.29

Complete heart block may be congenital, with an incidence
of 1 in 22,000 live births. With current monitoring standards
during pregnancy and delivery, most cases of congenital heart
block are identified early; it would be unusual for this condition
to first present in the ED. However, some patients may not be
symptomatic until later in childhood, at which time syncope
may be the presenting symptom. Heart block may also occur in
the setting of structural heart disease, particularly in patients
with L-transposition of the great vessels. Surgical repair of a
VSD, AV canal, transposition of the great vessels, or the Fontan
procedure for single ventricle, may place the child at risk for
complete heart block due to anatomical involvement or proxim-
ity of the surgical site to the AV node.29 With complete heart
block, the atria and ventricles beat independently of each other.
Therefore, the atrial rhythm is regular, as noted by a normal PP
interval, and the ventricular rate is also regular as noted by a
regular, but much slower RR interval.2 (See Figure 10 in

with VT have an underlying cardiac defect. Severe metabolic
derangement and certain drug toxicities also can cause VT.
Clinical presentation is varied: Infants may be able to tolerate
long periods of VT, whereas adolescents tend to present with
symptoms similar to adults.21

Because VT is rare, it is often misdiagnosed and treated as
SVT in children. Wide complex tachycardia should be consid-
ered VT until proven otherwise, regardless of symptoms. Espe-
cially in infants the “wideness” of the QRS complex may be
subtle; a high degree of suspicion and careful attention to mea-
surement of the QRS is important.21 Figure 6 in the supplement
shows sustained VT. At least three consecutive ventricular com-
plexes are necessary for the diagnosis. 

Atrial flutter. Atrial flutter can be seen in infants with struc-
turally normal hearts and is usually benign. However, it is more
commonly seen in post-operative congenital heart disease
patients and is discussed under this heading.

Ventricular fibrillation. Ventricular fibrillation (VF) is less
common in children than in adults. Children are more likely to
have bradycardia followed by asystole as a terminal cardiac
rhythm, and this may be mistakenly read as fine VF. When VF
does occur, it is usually secondary to a preceding VT.17 VF, as
seen in Figure 7 in the supplement, is characterized by rapid
irregular rate and rhythm with bizarre QRS complexes of vary-
ing size and configuration.

Syncope
Syncope is defined as a sudden, nontraumatic, reversible loss

of consciousness resulting in impairment of cerebral func-
tion.22,23 Exact frequency in the pediatric population is not
known, but as many as 15% of children may have an episode
before adulthood.24 Most pediatric syncopal episodes are
benign, resulting from autonomic dysfunction (i.e., neurocardio-
genic syncope) that leads to a short, reversible period of cerebral
hypoxemia.25 However, syncope can be a marker for serious
underlying cardiac pathology in a small group of patients. For
this reason, a careful history, physical examination, and the use
of a 12-lead ECG provide the complete information necessary to
avert a catastrophic cardiac event. Syncope that occurs during
exercise is a potentially ominous sign.

Patients with the more common neurocardiogenic syncope
have structurally normal hearts and, thus, are expected to have a
normal ECG. Patients with cardiac pathology usually have either
a tachy- or bradyarrhythmia that leads to syncope. While a child
of any age may have SVT heart block or sick sinus syndrome as
the underlying cause of syncope, age may be a useful clue for
certain diagnoses.25,26 These causes are listed in Table 6.

Prolonged QT interval. Historically, a QTc greater than 0.44
sec is considered to be abnormal.27 Recent studies show that the
QT interval is influenced by gender and age as discussed in “The
Basics of the Pediatric ECG” section in this issue. A prolonged
QTc (see Figure 8 in enclosed supplement) represents abnormal
electrical recovery of the ventricle, leaving the myocardium vul-
nerable to develop ventricular tachyarrhythmias, particularly
when provoked by sympathetic stimuli. Patients with syncope as
a result of a prolonged QTc will often give a history of pain,
physical exertion, or emotional stress provoking the event.26

Patients with a QTc greater than 0.50 sec appear to be most at
risk for sudden cardiac death. Most concerning is the potential
for these patients to develop torsade de pointes, a polymorphous

Table 6. Cardiac Causes of Syncope 
Based on Age

INFANT

Heart block
Sick sinus 

syndrome
SVT (WPW)
Long QT
Tetralogy spell
Myocardial tumor

CHILD

Heart block
Sick Sinus 

syndrome
SVT
Long QT
Cardiomyopathy
Myocarditis
Other ventricular

tachycardias

ADOLESCENT

Heart block
Sick sinus 

syndrome
SVT
Long QT
Hypertrophic 

cardiomyopathy
Aortic stenosis
Myocarditis
Other ventricular

tachycardia
Vasovagal 

syncope



variation of the sinus rhythm with respiration. The rate increases
toward end inspiration and decreases toward end expiration. The
ECG shows progressive shortening of the PP intervals followed
by prolongation of the PP intervals. Sinus arrhythmia is more
pronounced with a slow heart rate and tends to disappear with
increased heart rate. It is found in virtually all normal school age
children during 24-hour electrocardiograms.30,31 Sinus arrhyth-
mia, though most commonly seen in normal children, occurs in
the diseased heart as well. 

Sinus pauses averaging more than one second in duration
also have been reported in healthy children on 24-hour ECG
monitoring.32

Second degree AV block. An irregular ventricular rhythm
occurs with second degree AV block. Mobitz type I and Mobitz
type II second degree AV blocks are distinguished by ECG find-
ings. Mobitz type I second degree AV block, also known as
Wenkebach, is characterized by progressive lengthening of the
PR interval terminating in a blocked P wave. The consequence
is a missed QRS complex or dropped beat. The grade of the sec-
ond degree block is quantified by the ratio of all P waves to con-
ducted P waves. There are at least three P waves in a Wenke-
bach sequence, two of which are conducted, producing a 3:2
block. Another ECG feature is that the RR interval becomes pro-
gressively shorter before the blocked P wave. In most cases,
Mobitz type I second degree AV block is a benign, nonprogres-
sive phenomenon in children with otherwise normal hearts.33

Extrasystoles. Extrasystoles are premature beats and can be
either atrial, AV junctional, or ventricular in origin. Most
extrasystoles have a uniform shape on the ECG. When more
than one pattern is observed, they are termed multiform. Atrial
extrasystoles are defined by early P waves. The early P wave
frequently looks different than other normally conducted P
waves. It may be followed by a normal appearing QRS complex,
one of a different shape, or by no QRS. When the abnormal P
wave is superimposed on a T wave and the QRS morphology of
the extrasystolic beat is a different shape, it can be difficult to
differentiate between an atrial and a ventricular extrasystole.

Ventricular extrasystoles are identified by a QRS complex
with a different shape from the prevailing rhythm that is not pre-
ceded by a P wave. Ventricular extrasystoles may be found on
the routine ECG in 1-2% of normal children.34 Most of them are
uniform and infrequent. Multiform ventricular extrasystoles are
rare in children and raise the concern of heart disease. The dif-
ferential for ventricular extrasystoles includes: congenital heart
disease, especially after cardiac surgery; undiagnosed myocar-

enclosed supplement.)
Aortic stenosis. Aortic stenosis is a general term used to

describe several lesions of the left ventricular outflow tract.
Accounting for 3-8% of all patients with congenital heart dis-
ease, these lesions are further categorized anatomically as val-
var, fibromuscular subvalvar, and supravalvar aortic stenosis.
Clinically, pediatric patients can be divided into in two groups:
those who develop critical symptoms of congestive heart failure
in infancy (10-15%) and those who develop symptoms in ado-
lescence and young adulthood.

Of particular concern for the emergency physician is the
teenager with aortic stenosis. A previously healthy patient may
present with exercise-induced syncope or anginal chest pain and
be at risk for sudden cardiac death. This patient’s ECG will
show left ventricular hypertrophy: R is of greater than normal
amplitude in leads V5 and V6, and S is greater than normal in V1

and V2. The patient may also show the “strain” pattern: flat or
inverted T waves or ST depression in the left precordial leads.
(See Figure 11 in enclosed supplement.)

Irregular Heartbeat
Sinus arrhythmia. Sinus arrhythmia is most frequently a

variation of normal. Sinus arrhythmia is sometimes referred to
as respiratory sinus arrhythmia because it represents a cyclic
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Table 7. ECG Findings with Common 
Ingestions

DRUG ECG FINDINGS

Antihistamines Sinus tachycardia, wide QRS

Cyclic antidepressants Mild: Sinus tachycardia, long QT
Moderate: SVT, prolonged QRS
Severe: BBB, AV block, ventricular 

bradycardia, asystole

Class IA antiarrhythmics Long QT, prolonged QRS, AV 
(quinidine, procainamide) block, VT, VF, torsade de pointes

Phenothiazines Long QT, prolonged QRS, AV 
block, VT, VF, torsade de 
pointes, widened, flat, or 
inverted T waves, prominent U 
wave

Digoxin At therapeutic doses
Bradycardia, inverted T waves, 
shortened QT, depressed ST 
segment

At toxic doses
Prolonged PR, ectopic rhythms,
bidirectional VT, SA block

Beta blockers Bradycardia, AV block, ventricular 
rhythm disturbances

Calcium channel blockers Bradycardia, AV block, ventricular 
rhythm disturbances

Phenytoin Long QT, prolonged QRS, 
ventricular rhythm disturbances

Table 8. Congenital Heart Repairs Commonly
Associated with Post-Operative Rhythm 
Disturbances

DEFECT PERCENT INCIDENCE

Transposition of great 
vessels (intra-atrial repair) 50-85%
Tetralogy of Fallot 30-60%
Fontan repair for single ventricle 25-40%

Adapted from Vetter VL. What every pediatrician needs to know
about arrhythmias in children who have had cardiac surgery.
Pediatric Annals 1991;20:378-384.
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is between the heart and the recording electrode, the amplitudes
of the P, QRS, and T waves may be decreased, depending on the
location of the air. ST segment changes can also occur.

Head injury. Sinus bradycardia occurs as part of Cushing’s
triad in response to increased intracranial pressure accompanying
serious head injury. Patients with head injury may also exhibit
ST segment changes and prolongation of the QT interval.

Ingestions
A wide range of drugs and other substances ingested by chil-

dren produce cardiac effects. In the previously healthy child who
presents with a rhythm disturbances,  the ECG can be helpful to
formulate a differential diagnosis and to guide management. 

Rhythm disturbances from drug effects can be caused by direct
or indirect sympathomimetic effects, anticholinergic effects, the
effects of altered central nervous system regulation of the periph-
eral autonomic system, and direct effects on the myocardial mem-
branes.36-40 Some drugs produce toxicities by more than one of
these mechanisms. Clinical management should be based on
countering the mechanism of drug action; access to detailed phar-
macologic information is essential in the ED. (See Table 7.)

Post-Operative Congenital Heart Disease
Rhythm Disturbances

Approximately 25,000 infants are born each year in the Unit-
ed States with congenital heart disease (CHD) and nearly half of
them require urgent palliative or corrective surgery.41 Remark-
able advances have occurred in the field of congenital heart
surgery in the past generation, resulting in increased lifespan for
nearly all types of cardiac defects.42 While it is still not an every-
day occurrence for the pediatric emergency medicine physician
to treat children for post-operative rhythm disturbances, a basic
understanding of what ECG findings are expected behind the
sternotomy scar is important.

The post-operative CHD patient may present to the ED for a
problem that may be related to the heart—chest pain, palpita-
tions, chest trauma, syncope, or symptoms related to the use of
cardiac medication. The patient may also present for unrelated
reasons and be noted to have a coincidental rhythm disturbance.
Historical factors, such as the specific defect, pre-existing
rhythm disturbance, type of surgical repair performed, and the
age at repair, aid in developing an approach to the child. The
patient’s prior ECG should be obtained if possible.

All patients who have had intracardiac repair are at risk to devel-
op supraventricular rhythm disturbances. Most repairs use a right
atrial surgical approach or bypass cannulation, which may result in
interference with atrial conduction. Children who undergo surgical
repair within the ventricle are of particular concern; they may have
intracardiac conduction impairment due to surgical interruption of
the specialized conduction system (His-purkinje system). The
impairment seen is often a delay in depolarization of the right ven-
tricle, resulting in a right bundle branch block pattern (RBBB) on
the ECG. (See Figure 13 in enclosed supplement.) The ECG shows
permanent widening of the QRS with a wide and slurred S in leads
I, V5, and V6.

42 The differentiation of VT from SVT with BBB can
be a diagnostic dilemma in the patient with sustained tachycardia. It
is prudent to approach all wide complex tachycardia in children as
ventricular rhythm disturbance until proven otherwise.

The congenital heart defects commonly associated with post-

dial disease; mitral valve prolapse; Marfan’s syndrome; long QT
syndrome; drug ingestions; hypoxia; and acidosis. In particular,
a healthy patient presenting with ventricular extrasystoles should
be carefully screened for prolonged QT syndrome.

Trauma
Cardiac involvement must be considered in the child who has

sustained a serious or focal blunt or penetrating injury to the
torso. Although the ECG is frequently abnormal after chest trau-
ma, it is not sufficiently sensitive or specific to confirm the diag-
nosis of myocardial contusion.

Myocardial contusion. Most children will experience symp-
toms of myocardial contusion soon after injury.35 The child with
myocardial contusion who is conscious and verbal commonly
complains of precordial chest pain. The most common ECG
finding is a sinus tachycardia, which is excessive for age and
unexplained by other factors. The most common rhythm distur-
bance is frequent, premature ventricular complexes. Signs of
myocardial injury similar to an infarction pattern with ST-seg-
ment elevation, T wave changes, or presence of abnormal Q
waves may be present. (See Figure 12 in enclosed supplement.)

Other chest injury. A penetrating wound to the heart can
produce atrioventricular conduction defects at the level of the
injury. Ventricular rhythm disturbances can also occur.

Acute pericarditis and cardiac tamponade can occur with
either blunt or penetrating injury to the chest. ECG changes may
be seen with the accumulation of fluid under pressure in the
pericardium. As previously noted, the QRS complex can be nor-
mal or low-voltage. Electrical alternans is an alteration of elec-
trical amplitude of the T wave and QRS complex with each
cycle that occurs with large effusions.

Air is a poor conductor of electrical activity. Therefore, in
patients with a pneumomediastinum or pneumothorax when air

Table 9. ECG Changes with Electrolyte 
Disturbances

POTASSIUM CHANGES

Hyperkalemia Hypokalemia
Prolonged QRS Long QT
ST changes Prolonged QRS
AV block ST changes
VT
Peaked T waves
Low-voltage P waves

CALCIUM

Hypercalcemia Hypocalcemia
Short QT Long QT
Sinus bradycardia Sinus tachycardia
AV block AV block
VT

MAGNESIUM

Hypermagnesemia Hypomagnesemia
AV block Long QT
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operative rhythm disturbances are shown in Table 8.
Transposition of the Great Vessels. Until the mid-1970s

intra-atrial procedures (Mustard, Senning) were exclusively used
to repair a transposition of the great vessels. In the last decade,
arterial switch procedures have largely supplanted these proce-
dures in a successful effort to minimize postoperative complica-
tions. Intra-atrial procedures involve suture lines close to the SA
node, across the arterial supply to the SA node, and across exten-
sive portions of the atrial walls. Sinus node dysfunction and SVT
are frequent complications with these procedures. Progressive
scarring may interrupt the normal intra-atrial conduction, leaving
the heart vulnerable to the development of atrial reentry circuits
(atrial flutter) over a variable period of time—up to years later.41-

43 These patients present to the ED with complaints of palpita-
tions or fluttering in the chest, syncope, shortness of breath, chest
pain, or dizziness. Figure 14 in the supplement shows an exam-
ple of atrial flutter. The configuration is seen best in leads V1, II,
and III. It is characterized by an atrial rate of about 300, giving
the “saw-tooth pattern” and normal QRS complexes with varying
degrees of block.43 Because this rhythm is associated with sud-
den death, patients who have had intra-atrial procedures with a
resting heart rate higher than 100 should be carefully evaluated
for atrial flutter. Patients who have undergone arterial switch pro-
cedures have a much lower risk of atrial flutter,43 although they
may develop other supraventricular rhythm disturbances.

Tetralogy of Fallot. The ECG of uncorrected tetralogy of
Fallot will show right ventricular hypertrophy and right axis
deviation.2,42 The infant with a “tet spell” may present to the ED
with a cyanotic episode that may be described as a syncopal
episode. After surgical correction, the vast majority will have
RBBB.44 Up to two-thirds of the patients will have premature
ventricular contractions (PVC).41 Sudden cardiac death has been
observed in 2-5% of these postoperative patients, and is attrib-
uted to ventricular rhythm disturbances.45,46

Fontan. The Fontan-type repair involves directing the sys-
temic venous return from the superior vena cava and inferior
vena cava to the pulmonary arteries. These procedures often
result in marked atrial dilatation or extensive suture lines with
scarring. Given this anatomic alteration, these patients are at
high risk for sinus node dysfunction or atrial rhythm distur-
bance. Because the single ventricle may have had long-standing
ventricular volume overload and subsequent fibrosis, these
patients are at risk for ventricular disturbances as well.41-43

Critically Ill Infants
Myocarditis. Myocarditis can be a severe and rapidly fatal

infection in newborns and young infants. In older children, the
course varies from clinically minor to fulminant. ECG changes
occur in 70% of children with myocarditis and reflect the injury
to the myocardial tissue or the conduction system.14 A sinus
tachycardia out of proportion to age or level of fever is a hall-
mark of myocarditis and should prompt a search for other ECG
findings that support the diagnosis. The ECG may reveal low
voltage QRS complexes, less than 5 mm total amplitude, in all
the limb leads. Low voltages may also be present in the precor-
dial leads. Leads V5 and V6 show low-voltage or slightly invert-
ed T waves and a small or absent Q wave. ST segment depres-
sion reflects subendocardial injury. ST segment elevation should
alert the clinician to a co-existing pericarditis.

New rhythm disturbances noted after a febrile illness suggest

myocarditis. These can range from SVT and uniform PVCs to
complete AV block. Prolongation of the PR and QT intervals are
nonspecific findings. 

Electrolyte Disturbances and Hypothermia
A number of electrolyte disturbances produce ECG changes.

The ECG effects of disturbances in serum potassium, calcium,
and magnesium are summarized in Table 9.

Hypothermia produces a J wave at core body temperatures
lower than 25°C. The J wave is an additional wave that is found
between the QRS complex and the early ST segment. Other
changes include prolongation of the PR and QT intervals. Either
ST segment elevation or depression may be seen.  

Summary
Proficiency in interpreting pediatric ECGs is important. Equal-

ly important is the recognition that an ECG should be performed
in a given patient. An approach that combines basic knowledge of
pediatric ECGs with symptom-based clinical correlation avoids
the common pitfalls associated with pediatric ECG interpretation
and leads to accurate diagnosis and timely treatment. 

Successful interpretation begins with a systematic approach
to the ECG. This includes analysis of rate, rhythm, axis, and
forces. The QTc must always be calculated. A key component of
interpretation is an understanding of the many normals that are
age-related. A reference book, which contains tables of normal
age-related values, is indispensable.  

In addition to age-related differences in normal values,
there are routinely encountered entities in adults that are
uncommon in children and whose diagnostic criteria differ
(e.g., MI). Children with congenital heart disease or newly
repaired congenital heart disease represent a unique group of
patients. An ECG in these patients may identify post-operative
rhythm disturbances.

A number of illnesses, infections, and ingestions can also
affect the child’s heart—producing ECG changes. A familiarity
with the ECG findings associated with these conditions will
facilitate diagnosis and treatment. 

Overall, ECGs are infrequently needed in the emergency care
of children. When indicated, the accurate and timely diagnosis
of ECG abnormalities may be critical for an ill child. The ulti-
mate goal of this review is to aid the clinician in a rapid review
of basic ECG skills  pediatric and then highlight the unique
aspects of pediatric ECGs through a number of clinical situa-
tions. When in doubt, a pediatric cardiologist should always be
consulted and may even be a valuable asset in a pediatric ECG
quality improvement process.
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7. Drug toxicity causes rhythm disturbances by which mechanism?
a. Direct effects on myocardial membranes
b. Sympathomimetic effects
c. Anticholinergic effects
d. CNS regulation of peripheral autonomic system
e. All of the above

8. Which of the following statements is true regarding wide complex
tachycardia in children?
a. It is almost always due to bundle branch block.
b. It is considered VT until proven otherwise.
c. Tachycardia results from fever.
d. It is common in infants.
e. it is not harmful if the P wave axis is normal.
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Physician’s CME Questions

1. The most common pathologic cause of ST segment elevation in chil-
dren is which of the following?
a. Hyperkalemia
b. Pericarditis
c. Myocardial contusion
d. Tetralogy of Fallot
e. Romano Ward Syndrome

2. A short PR interval represents a risk factor for which of the following
conditions?
a. SVT
b. Ventricular tachycardia
c. Torsade de pointes
d. First degree heart block
e. Wenkebach

3. ECG findings consistent with hypokalemia include:
a. AV block.
b. tall, peaked T waves.
c. prolonged QRS.
d. low-voltage P waves.
e. sinus bradycardia.

4. The most common ECG finding in children with myocardial contu-
sion is:
a. sinus tachycardia.
b. ventricular tachycardia.
c. wide Q waves.
d. complete heart block.
e. inverted T waves.

5. The majority of pediatric patients with syncope have:
a. a prolonged QTc.
b. heart block.
c. a normal ECG.
d. sick sinus syndrome.
e. ventricular rhythm disturbance.

6. Which patient with repair for congenital heart disease is most likely
to develop atrial flutter?
a. A 10-year-old patient with repaired VSD
b. An infant with repaired coarctation of the aorta
c. A teenager with repaired transposition of the great vessels
d. An infant with ligation of a patent ductus arteriosus
e. A toddler with repaired tetralogy of  Fallot In Future Issues: Pain Management
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