
































































































































































3 Atrial Dysrhythmias 79 

Each ectopic atrial focus will produce a different P wave configuration and PR 
interval 

Rhythm Strip 3.1b. Wandering Atrial Pacemaker with Two Eclopic i\tric1I Foci 

Wandering atrial pacemaker occurs most frequently in healthy children but may 
be seen in children with acute rheumatic fever, asthma, and upper airway ob­
struction. t 

Premature Atrial Contraction 

A premature atrial contraction (PAC) results when the automaticity of an atrial 
pacemaker cell is increased, causing it to send out an impulse. 

! 

Rhythm Strip 3.2. Premature Alrial Contraction in an Adolescent 
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This ectopic pacemaker discharges early, making it premature. It originates in the 
atrial portion of the heart, and travels through the remaining conduction system, so 
the QRS complex and resulting contraction occurs. 
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Rhythm Strip 3.Ja. PrematurP. Atrial Conlrat:tion with Aberranl Conduction in a FiftcP.11-
Month-Old 

Assessment criteria of a premature atrial contraction include: 

1. Premature beat which interrupts the basic rhythm 

2. Normal heart rate for the child's age 

3. Abnormal P wave or shaped differently from the normal P wave of sinus 
origin 

4. One P wave for every WRS complex 

5. The PAC's PR interval is commonly prolonged 

6. The early P wave may or may not have a normal QRS complex following 
it. 

A prolonged PR interval is present due to decreased conduction speed through 
the AV node, which is not fully repolarized from the previous cycle. 

The QRS complex is normal if the ectopic impulse reaches the ventricular con­
duction system after repolarization is complete. If the ectopic impulse reaches the 
ventricular conduction system before complete repolarization, the atrial impulse 
will conduct abnormally {aberrantly) through the ventricles, producing an ab­
normal QRS complex as in Rhythm Strip 3.3a. If the impulse arrives during the 
absolute refractory period, there is no ventricular response. In Rhythm Strip 3.3b 
note that the T wave of the last normal cycle prior to the pause looks different be­
cause there is a P wave on it 
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Rhythm Strip :l.3b. Noncondu~tf'd Premature Atrial Contraction in an Infant 

After the PAC the rhythm resets itself as if the PAC was a normally initiated beat 
This can be demonstrated by measuring the RR interval between the premature and 
normal beat and comparing it to two normal beats. The distance will be the 
same. 

PACs are common in children and need not cause concern unless the child is on 
digoxin or has acid/base and/or electrolyte imbalances. In this case, further evalua­
tion for digoxin toxicity is indicated and in the imbalance state, other atrial 
dysrhythmias may result 

Digoxin and propranolol are specific drugs used to treat PACs unless, of course, 
the digoxin is the cause of the dysrhythmia. 

Atrial Tachycardia 

Rhythm Strip 3.4. AtriJI Tachycc1rdia in a One-Month-Old 
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Atrial tachycardia is the most common serious dysrhythmia in infants, occurring 
at least three times more often than ventricular tachycardia. If it is un-checked, the 
resultant rapid rates may cause cardiogenic shock in the infant after a twenty-four 
hour duration. Older children, unless they are in an already compromised state, 
tend to tolerate atrial tachycardia because their heart rates do not rise as much as do 
those of younger children. 

Rhythm Strip 3.5a. Atrial ·1 arhycardia in a Two-Yf'ar-Old 

VERAPAMIL GIVEN 

Rhythm Strip 3.5b. Atrial Tachycardia to Normal Sinus Rhythm After Adrninistratiori of Ver­
apamil 

Assessment criteria for atrial tachycardia include: 

1. Regular "monotonous" rhythm (Regular RR intervals with almost identical 
complexes) 

2. Very rapid heart rates: infants 260-280; children 180-200 

3. P waves abnormaL buried, or superimposed on other waveforms 

4. One abnormal P wave to every QRS complex 

5. PR interval not measurable, but if present,. longer than the child's normal 

6. Usually normal QRS complexes. 

When there is an abrupt onset and end of this dysrhythmia, atrial tachycardia is 
referred to as paroxysmal atrial tachcardia (PA 1), most commonly seen in otherwise 
normal infants. 
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Atrial tachycardia results from situations that increase atrial automaticity, including 
hypoxia, electrolyte imbalance, acid-base abnormalities and myocardial disease. 

Atrial tachycardia can be the result of rapid firing of a single ectopic atrial focus or 
of a re-entry mechanism. 

RETRO 
CONDU 

Figure 58. The Re-entry Phenomenon Occurring Around the AV Node 
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In the re-entry mechanism, one impulse travels in a circular manner, causing repeti­
tive depolarization of the ventricles. Two functional pathways exist both with dif­
ferent rates of conduction and different repolarization periods ( Figure 58). The 
re-entry mechanism is initiated by a premature atrial ectopic impulse. This impulse can­
not conduct through the pathway ( A) which is still in absolute refractory from a pre­
vious beat, but it will do so through the pathway with the shorter refractory time (B), 
which is ready to receive it. By the time the impulse has completed normal antegrade 
travel through pathway B, pathway A has had time to complete repolarization. This 
same impulse is then conducted up in a retrograde fashion through pathway A and also 
down to the ventricles. If pathway B has completed repolarization by the time the 
impulse has finished retrograde conduction through pathway A, the same impulse 
will again be conducted down to cause ventricular depolarization. The cycle is then 
established and continues to repeat itsel£ causing a rapid ventricular heart rate. 

PATHWAY A 

LONGER 
REFRACTORY 
PERIOD 

RETROGRADE 
CONDUCTION 

ECTOPIC ATRIAL PULSE 

PATHWAY B 

VENTRICLES 

SHORTER 
REFRACTORY 
PERIOD 

ANTEGRADE 
CONDUCTION 

Figure 59. Schematic Representation of The Re"entry M echanism 

Infants do rely heavily on the method of increasing cardiac output by increasing 
heart rate. Yet this method is beneficial only to a certain point. When heart rate in­
creases dramatically, as in atrial tachycardia, the rapid ventricular filling phase that 
occurs in diastole is severely limited. Thus the hemodynamic effect of atrial tachy­
cardia is a decrease in cardiac output secondary to a decrease in stroke volume, 
which is caused by the brief diastolic filling phase. During diastole the coronary 
arteries fill with blood. If extreme tachycardia is present, the coronary arteries have a 
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limited time to fill and the myocardium is forced into anaerobic metabolism, which is 
not tolerated. 

Infants with a trial tachycardia usually present in some degree of heart failure. Ap­
proach to treatment depends upon how compromised the infant appears. Vagal 
maneuvers are usually attempted first, but are rarely effective in converting long­
standing PAT to sinus rhythm. Activity that may produce conversion through vegal 
stimulation includes pharyngeal stimulation, valsalva induction, carotid massage, 
and unilateral eyeball pressure. The latter is not recommended in neonates as it may 
cause retinal detachment.2 Initiating the diving reflex by immersing the infant's face 
in iced saline for 6 to 7 seconds, with the infant's nostrils manually closed, has been 
found to be effective in some cases.-3 

If heart failure and acidosis are not present the calcium antagonist verapamiL may 
be used.4 This drug slows conduction through the AV node by prolonging the AV 
node's refractory period thus breaking the PAT cycle. In the presence of heart fail­
ure verapamil is not recommended because of its negative inotropic effects. Digoxin 
½Till also convert this dysrhythmia in 90% of the cases, but it may take up to six hours 
to become effective. 

Direct current synchronized cardioversion is the method of choice if a child is severely 
compromised. Cardioversion will cause all the cardiac cells to depolarize at one time 
and allow the SA node to resume control of the patient's rhythm. This is done using 
2 joules/kg. and may be repeated once using 4 joules/kg. It should be noted that 
electrical stimulation enhances the effects of digoxin. In the digitalized child the 
usual levels of electrical shock may cause irreversible cardiac arrest. If cardioversion 
is necessary due to patient deterioration, and digoxin has been initiated, it is recom­
mended that the least possible amount of energy be used.5 Before cardioversion, 
verify that each R wave is being sensed by the defibrillator monitor. Many defib­
rillators "mark" the R wave with small slash marks. Verification that the defibrillator 
is in the correct mode is necessary if the electrical current is to discharge during peak 
ventricular depolarization (the R wave), and not during the vulnerable period (the 
T wave), as this would cause ventricular fibrillation. 

I 

Rhythm Strip 3.b. Inadequate R Wave Sense 

I 
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Note that in Rhythm Strip 3.6 the heart rate is over300 yet the rate meter only reads 
208. Observe also that not all the R waves are marked. Other nursing preparations 
prior to cardioversion include administration of sedative medications if necessary, 
evaluation of the child's intravenous for patency, discontinuation of the oxygen, 
covering the paddles with a conducting gel or moist saline pads, readying 
emergency medications for full resuscitation. Lastly, if the child is intubated, re­
move the resuscitation bag from the endotracheal tube and dear personnel from the 
bedspace. 

PAT is frequently seen in male infants under four months of age. The cause is un­
known, but these infants are usually kept on digoxin for one year post event due to 
the incidence of repeated episodes. 

Treatment of children is seldom necessary unless multiple episodes occur; then 
digoxin is the drug of choice. 

Approximately 20% of atrial tachycardia cases are associated with congenital heart 
disease, including such defects as Ebstein's anomaly, mitral valve prolapse, and the 
presence of a congenital accessory pathway, the Kent bundle, which bypasses the 
AV node, thus speeding up conduction to the ventricles. The presence of this 
accessory pathway for conduction is called Wolff-Parkinson-White syndrome 
(WPW). 

Figure 60, Wolff-Parkinson-White R€-entry Utiliz ing Kent's Bundle 
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In WPW there is an increased incidence of PAT due to the re-entry mechanism. In 
95% of the cases of PAT with WPW, the impulse is conducted normally through the 
AV node, then in a retrograde fashion through Kent's bundle. The resultant QRS 
complexes seen are normal In 5% of the cases of PAT with WPW, there is antegrade 
conduction through Kent's bundle, then retrograde conduction through the AV 
node. The QRS comp\exes seen in this situation are abnormal resembling ventric­
ular tachycardia.6 

Rhythm Strip 3.7a. Paroxysmal Atrial Tachycardia Associated with Wolff-Parkinson-While 
Syndrome, Note the Delta Waves 

Rhythm Strip 3.7b, Normal Sinus Khy1hm with Acceleralf'd Conduction Through Kent's Hun­
die and Normal Conduction Through thf' AV Nodf', Note the Difference in the PR Interval, Jnd 
the QRS Complexes 
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Wolff-Parkinson-White syndrome will produce characteristic changes in the 
ECG. The assessment criteria include: 

1. A short PR interval. This is due to direct conduction to the ventricles, avoiding 
the slowed conduction through the AV node. Note that Rhythm Strip 3.7b 
exhibits both accelerated and normal conduction. 

2. The presence of a delta wave, which can be identified as a "slurred upstroke" 
of the QRS complex, increasing the QRS duration. The appearance of the delta 
wave may resemble an interventricular conduction delay. The delta wave is 
the result of early activation of the ventricles via the Kent bundle. 

No treatment is necessary for WPW unless there are frequent episodes of PAT or 
syncope. If drug therapy is initiated, it is usually directed toward increasing the refrac­
tory periods of both pathways (e.g., quinidine and propranolol). 
administered by itself, may shorten the refractory period in the accessory pathway. 
Thus, if the child were to develop atrial fibrillation, all impulses would conduct down 
to the ventricles, causing ventricular fibrillation.7 

Atrial Flutter 

Rhythm Strip 3.8a. Atrial Flutter in an Infant 
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Rhythm Strip 3.8b. Atrial Flutterwil h <1 Break ir, Conduction to rhe Ventricles Providing a View 
of the Flutter Waves 
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Atrial Flutter results from either an ectopic atrial focus or the re-entry phe­
nomena. Atrial flutter produces atrial rates as high as 200-400 times per minute. The 
atrial waves are characteristically described as flutter (F) waves and appear saw­
toothed on the ECG. 

TF TF TF TF TF TF 

F F F F F F 

Figure 61. Atrial Flutter Waves (F) <1-nd the T Wave of the Flutter Waves (Tr) 

Fortunately, not all the impulses originated in the atria can be conducted through 
to the ventricles. The ventricular rate will be slower than the atrial rate, since some of 
the atrial impulses are blocked. The block at the AV node may occur regularly in a 
fixed ratio, 2:1 or 3:1. In this type of flutter the child's heart rhythm is regular, as 
evidenced by the constant RR intervals (Rhythm Strip 3.9). 

BURIED IN ORS COMPLEX 

Rhythm Strip 3.9. Atrial Flutter with a f'ixPd Ratio Block Thus Rcgu lar Rhythm in a Twa and 
One-Half-Year-Old 
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The block at the AV node may also occur irregularly, alternating between 2:1 and 
3:1 or between 5:1 and 7:1. In this type of flutter the child's heart rhythm is irregular 
(Rhythm Strip 3.10). 

+ ti 

r . 

Rhythm Strip 3.10. Atri,il Fluttf-'rwilh a11 Irregular Conduction Pattern, Thu, Irregular Rhythm 

Rhythm Strip 3.11. Atrial Flutter in il Newborn 

This uncommon pediatric dysrhythmia has the following assessment criteria: 

1. A regular or irregular rhythm, which is independent upon the pattern of block 
at the AV node; 

2. An atrial rate of 200-400. Ventricular rates depend on the ratio of block at the 
AV node. In infants, the ventricular rate is usually 200-300 (1: 1 or 2: 1 ratio of 
block), slower with an increased degree of block, (3:1 or 4:1); 

3. P waves are sawtoothed in appearance. This feature can sometimes be seen 
clearly if the QRS complexes are ignored; Note the highlighted area on 
Rhythm Strip 3.8b. 

4. PR intervals cannot be determined; 

5. Abnormal F:QRS relationship; 

6. Normal QRS complexes for age. 
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Atrial flutter usually has an abrupt onset 
Atrial flutter is usually idiopathic, but may be associated with rheumatic or con­

genital heart disease. The hemodynamic effect of atrial flutter is rate and age depen­
dent. Rapid atrial rates result in poor atrial contractions. Without the atrial kick. 
ventricular volume is decreased as much as 30%. If the ventricttlar response is rapid, 
there is a shortened diastolic filling time, resulting in decreased stroke volume and 
cardiac output. Atrial flutter can cause congestive heart failure in the infant with high 
ventricular rates. Atrial flutter compromises cardiovascular status and, as with atrial 
tachycardia, it cannot be tolerated over a twenty-four hour period. Emergency car­
dioversion may then be necessary. 

Atrial Fibrillation 

Rhythm Strip 3.12. Atrial Fibrillation in a Twenty-Month-Old 

Atrial fibrillation is a chaotic atrial depolarization pattern at rates of 400-700 times 
per minute. When atrial cells fire rapidly, the ECG shows a wavy baseline caused by 
the fibrillation, instead of the normally shaped P waves. These waves are referred to 
as fibrillatory (0 waves. 

Figure 62. Atri,il Fibrillation Waves 

The AV node is unable to respond to the rapid chaotic impulses from the atria, so 
conduction to the ventricles is very irregular. The child's ventricular response is 
usually rapid, necessitating prompt identification of this dysrhythmia. 

Atrial fibrillation is much less common in children than in adults. Assessment cri­
teria include: 

1. Irregular rhythm (inconsistant RR intervals); 

2. Heart rate-atrial greater than 400 
-ventricular greater than 60 and up to 200; 

3. Absence of clear P waves; f waves present, i.e., irregular wavy baseline; 

4. f:QRS relationship unobtainable; 

5. PR interval absent; 

6. Usually, normal QRS complexes for age. 
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The hemodynamic effect of atrial fibrillation is the same as that of atrial flutter; de-
creased cardiac output. The degree of hemod ynamic compromise depends upon the 
age and the ventricular rate of the child. Atrial fibrillation may result from electrolyte 
imbalance, hypoxia, cardiomyopathy, severe rheumatic or congenital heart disease. 
Treatment, indicated when the child is symptomatic from lowered cardiac output 
includes digoxin or synchronized cardioversion. 

TABLE 111.1 Summary of Pediatric Cardiac Dysrhythmias: Atrial 

P:QRS PR QRS 
Rate P Wave Ratio Regularity Interval Duration Treatment 

Wandering Normal Differently 1 :1 Irregular Varied Normal None 
Atrial for age shaped for age 
Pacemaker P waves 

present 

Premature Normal Premature, 1:1 Unless Interrupts Longer Normal; None 
Atrial for age abnor- appears regularity; than greater than 
Contraction mally during noncom- normal normal if 

shaped complete plete aberrantly 
refractory pause; conducted 
period reset of 

rhythm 

Atrial Infants Abnormal; 1 :1 Monoto- Longer Normal; Vagal 
Tachycardia 260-300; hard to nous reg- than greater than stimula-

children find ularity; normal normal if tion, 
150-250 abrupt aberrantly digoxin, 

onset and conducted verapamil, 
end cardio-

version 

Atrial Atrial Flutter Fixed or Regular None Normal; Digoxin, 
Flutter 200-400; waves varied or greater than cardio-

ventric- (F) irregular normal if version 
ular aberrantly 
60-200 conducted 

Atrial Atrial Fibrillation Irregular Irregular None Normal; Digoxin, 
Fibrillation 400-700; waves greater than cardio-

ventric- (f) normal if version 
ular aberrantly 
60-200 conducted 
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Dysrhythmia Worksheet #5 

Rhythm Strip 3.13. Three-Year-Old 

1. Rhythm regular or irregular? _ ________________ _ 

2. Which method of calculation of heart rate should be used? _____ _ 

What is the heart rate? _ __________________ _ 

Is it normal for the child's age? ________________ _ 

3. Are P waves present?----------~----------

Do they all look the same.? _________________ _ 

If not, why? _______________________ _ 

4. Is there one P wave present for every QRS complex? _ _ ______ _ 

5. What is the PR interval? ___________________ _ 

Is it normal for the child's age and heart rate? __________ _ 

Are the PR intervals the same? ________________ _ 

If not, why? ______________________ _ 

6. What is the QRS duration? _________________ _ 

Is it normal for the child's age? ________________ _ 

7. Summarize your findings: rhythm, rate, P waves, P:QRS ratio, PR interval, QRS 
duration ________________________ _ 

8. Identify the dysrhythmia. _ _________________ _ 
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Dysrhythmia Worksheet #6 

- I 

Rhythm Strip 3,14. Fifteen-Month-Old 

Again, first look at the underlying rhythm, then go back to the abnormality. 

1. Regularity? _______________________ _ 

2. Heart rate? _______________________ _ 

Normal for age? _____________________ _ 

3. P waves present and nonnal? ________________ _ 

4. P:QRS ratio? ______________________ _ 

5. PR interval? _______________________ _ 

Normal? _______ ____ Constant? __________ _ 

6. QRS duration? _________ _____________ _ 

Normal? ________________________ _ 

7. Summarize and identify. __________________ _ 

8. Now examine one irregularity: 

a. Does it occur earlier or later than it should? __________ _ 

Therefore, it is a ___________________ beat. 

b. Does the QRS complex appear normal? ____________ _ 

c. Is there a P wave present before the QRS complex? _______ _ 

Is it like the others? ___________________ _ 

If not, why? ____________ _ _________ _ 

d. Measure the PR interval. _________________ _ 

Is it the same as the underlying rhythm? ________ ___ _ 

If not, why? ______________________ _ 
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e. Is there a resent of the basic rhythm? _ _______ _ 

Identuy this abnormal beat. __________ _ 

f. The underlying rhythm is: __________ _ 

The dysrhythmia is: ____________ _ 

Dysrhythmia Worksheet #7 

Rhythm Strip :J.15. One-Month-Old 

1. Rhythm? _ ______________ _ 

2. Heart rate? _______________ _ 

Normal? _______________ _ 

3. P waves present? _____________ _ 

Normal? ________________ _ 

4. P:QRS ratio? _ _____________ _ 

5. PR interval? _______________ _ 

Normal? _______ Constant? _ _____ _ 

6. QRS duration? ______________ _ 

Normal? _ _______________ _ 

7. Summarize and identify. _ __________ _ 
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Dysrhythmia Worksheet #8 

1 

'. 

Rhythm Strip 3.16. AJole:;cent 

1. Regularity? (Remember, focus in on the R waves and assess their distance apart 

from one another.) _____________________ _ 

2. Heart rate? (again, this is ventricular) ______________ _ 

Is this normal for the child's age? ________________ _ 

3. P waves present and normal? _________________ _ 

If not, describe them. ____________________ _ 

Is there a term that is used to describe them? ___________ _ 

4. P:QRS ratio? _______________________ _ 

All the same? _______________________ _ 

5. PR interval? _ _______________________ _ 

Normal for age? _____ ___ _ Constant? ________ _ 

6. QRS duration? _______________________ _ 

Normal for age? ______________________ _ 

7. Summarize and identify. ___________________ _ 
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Dysrhythmia Worksheet #9 
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Rhythm Strip 3.17. Adolesce111 

1. Regularity? _________ _ ___ _ _ _ _ ___ ___ ___ _ 

2. Heart rate? - - ------------------- -------
Normal for age? _ ___ _ ____ ______ __________ _ 

3. P waves present and normally shaped? _ _ ___ ___ ____ __ _ 

If not, describe what is seen. Try putting a label on it 

4. P: QRS ratio? 

If not, why? 

5. PR interval? - - - - - --- - - - - - --- - - --- ·- - -
Normal? ___ _ _ ___ ___ _ Constant? _____ ___ ___ _ 

6. QRS duration? _____ ___ __________ _____ _ 

Normal? (note depressed ST segment) _ ___ ___ _ ___ ___ _ 

7. Summarize and identify. 
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Junctional Dysrhythmias 

OBJECTIVES 

After completion of this chapter, the reader will be able to: 

1. Distinguish a juncti.onal-initiated complex based on: 

a. P wave vector 
b. P QRS relationship 
c. PR interva~ 

2. State the inherent rate of impulse formation from the junction; 

3. Describe an escape rhythm/beat as a passive rhythm/ event occurring after a 
slowing or pause in the normal sinus rhythm; 

4. Describe an accelerated junctional rhythm, a junctional tachycardia, and a pre­
mature junctional contraction as an active interruption in the child's 
rhythm; 

5. Interpret the following dysrhythmias from example tracings, using the criteria 
listed in Table IV.1 

a. junctional escape rhythm/beat 
b. accelerated junctional rhythm 
c. junctional tachycardia 
d. premature junctional contraction 
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Junctional Rhythms 

functional rhythms are initiated in the area of the atrioventricular node. When the 
electrical impulse originates in this location, depolarization travels in two directions: 
retrograde to the atria, causing atrial depolarization, and antegrade to the ventricles, 
causing ventricular depolarization. 

figure 63. Junctionc1I Initiated Conduction to the i\lri.i c1nd Ventricles 
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The abnormal retrograde conduction to the atria usually produces an inverted, or 
negative, P wave in lead II. Normal antegrade conduction to the ventricles produces 
normal ventricular depolarization, resulting in a normal QRS complex. The speed of 
impulse conduction in either direction determines the depolarization sequence. 
Three possibilities exist: 

First, if the impulse spreads to the atria faster than to the ventricles, the inverted 
P wave will appear prior to the QRS complex. The PR interval will also be shorter 
than the child's normal because the junctional impulse does not follow the normal 
conduction pathway. 

Second, if the impulse travels equally as fast to the atria as it does to the ventricles, the 
P wave will be hidden within the QRS complex because of the magnitude of the 
ventricular depolarization wave. 

Third, if the impulse spreads to the ventricles faster than it does to the atria, the in­
verted P wave will come after the QRS complex in the ST segment. 

Rhythm Strip 4.1 a. Inverted l' Waves before the QRS Complex /\trial lJepolarilation First, 
then Ventricular Depolariution 

r f I 

-----l----t--------.L 
~ 

Rhythm Strip 4.1 b. Buried P W,JVe Within the QRS Complex 

Atri,1 I Ventricular Depolarization at the Same Time 
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Junctional Escape Rhythm 
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Rhythm Strip 4.2. Junctional Escape Rhythm 

A junctional escape rhythm can be described as a protective passive dysrhythmia. 
This dysrhythrnia serves to maintain cardiac output only when the SA node fails to 
initiate an impulse, (in sinus arrest/block), or when the SA node slows its rate of 
impulse formation, (in sinus bradycardia). In these two instances the AV junction 
assumes the pacemaker role and begins to discharge impulses at its inherent, or 
automatic, rate. Note: the AV junction does contain a small number of pacemaker 
cells capable of impulse formation. They normally are not able to assume pacemaker 
status because the AV junction's automaticity, or slope of phase 4, is normally less 
than that of the SA node. In this dysrhythmia the SA node's automaticity has been 
decreased so that the AV junction is passively allowed to initiate impulse 
formation. 
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A junctional escape rhythm is identified by the following assessment criteria: 

1. Regular rhythm evidenced by constant RR intervals; 

2. Slow rate-newborn less than 120 beats per minute 
-adolescent about 45 beats per minute; 

3, Usually inverted P waves that precede, are buried within, or come after the 
QRS complex. (All three types may be present on one ECG strip); 

4. One P wave for every QRS complex; 

5. PR interval shorter than the child's normal; 
(When the P wave occurs before the QRS complex); 

6. Normal QRS duration which is age appropriate. 

The hemodynamic effect of a junctional escape rhythm is a decreased cardiac out­
put secondary to the loss of atrial contribution to stroke volume. Loss of the atrial 
contribution (kick) exists when the atria depolarize during or after ventricular 
depolarization. Although individual responses to this rhythm may vary, it is usually 
well tolerated. If treatment is necessary, it attempts to speed up impulse formation 
from the SA node, usually with atropine or isoproterenol. 

Rhythm Strip 4.3a. Junction al Esr:apt> Beat in a rifteen-Yt>ar-Old 
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104 4 Junctional Dysrhythmias 

Isolated junctional escape beats (JEBs) occur as protective passive events. JEBs 
have all the characteristics of a junctional beat and appear later than the expected 
sinus-originated beat. JEBs serve to prevent decreases in cardiac output due to sus­
tained pauses in cardiac rhythm. Junctional escape beats do not require treatment, 
but if the pauses are frequent, they should be investigated. Junctional escape beats 
often appear with sinus arrhythmia while a child is sleeping (Rhythm Strip 
4.3b}. 

! l 

Rhythm Strip 4.3b. ju11ct1onal Fst:ape Heats Associaled wilh a Sinus Arrhythmia 

Premature Junctional Contractions 
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Rhythm Strip 4.4. Premature Junctional Contract iom 

Premature junctional contractions (PJCs) are ectopic impulses originating from 
the junctional area of the conduction system. PJCs appear earlier than the expected 
sinus-originated beat. They are junctional in character and initiate a ventricular re­
sponse. They can be differentiated from PA Cs by the direction of the P wave and by 
their relationship to the early QRS complex. Usually in a PAC the PR interval is 
increased, while in PJCs the PR interval is decreased. At times it is difficult to dis­
tinguish one from the other. The term premature supraventricular contraction is used in 
both situations. 
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Rhythm Strip 4.Sa. Premature Supr<1ventricu l<1r Contractions 

The assessment criteria of a premature junctional contraction are: 

1. It initiates an early beat, interrupting basic rhythm; 

2, Normal heart rate for the child's age; 

3. The P wave may be inverted and can occur before, within, or after the 
QRS complex; 

4. If the P wave occurs before the QRS complex, the resultant PR interval is shorter 
than the child's normal PR interva~ 

5. One abnormal/normal P wave for every QRS complex; 

6. The QRS complex appears early but is usually normal 

The same mechanism exists as with PACs. Resultant QRS complexes reflect the 
timing of the impulse relative to recovery periods. 

PJCs will cause the rhythm to reset itself if the retrograde conduction to _the atria 
reaches the SA node. If the retrograde conduction does not reach the SA node a com­
plete compensatory pause will result (Rhythm Strip 4.5b). 

t 
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Rhythm Strip 4.5b. Premature Junclional Conlracl ion with a Complete Compensatory Pause 
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A complete compensatory pause is identified by measuring the distance between 
three normally occurring R waves, and comparing it to distance between one normal 
R wave, the premature beat, and one normal R wave. If the distance is the same, a 
complete compensatory pause exists, and the retrograde conduction did not reach 
the SA node. PJCs usually do not require treatment. 

Accelerated Junctional Rhythm 

Rhythm Strip 4.6. Acceleralerl Junctionul Rhythm in an Eighleen-Month-Old 

Accelerated junctional rhythm is classified as an active rhythm. The autornaticity 
of the AV junction is increased, causing these cells to fire at a faster rate than the SA 
node's. Thus the AV junction assumes the role of the heart's pacemaker. All the 
features of a junctional rhythm are present and the heart rate is faster than the child's 
normal rate. The assessment criteria for an accelerated junctional rhythm are: 

1. Regular Rhythm; 

2. Heart rate faster than the child's normal via the SA node; 

3. Usually inverted P waves that occur before, within, or after the QRS complex. 
(all three may be present on one strip); 

4. 1:1 P:QRS ratio; 

5. PR interval shorter than the child's previous sinus PR interval (when the 
inverted P wave occurs prior to the QRS complex); 

6. Normal QRS duration for age. 

As this dysrhythmia is usually tolerated, no treatment is indicated. 

.J 
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Junctional Tacltycardia 

Rhythm Strip 4,7a. Junction al Tachycardia in a Three-Year-Old 

Rhythm Strip 4.7b. Normal Sinus Rhythm in the Same Three-Year-Old 
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108 4 Junctional Dysrhythmias 

Junctional tachycardia is an accelerated junctional rhythm extremely surpassing 
its normal inherent rate of impulse formation. It is an active rhythm assuming 
pacemaker status. Junctional tissue can fire as fast as 350 times per minute in the 
neonate and 250 times per minute in the child.I It is often difficult to distinguish 
atrial tachycardia from junctional tachycardia because of the rapid rates and the loss 
of the P wave in the QRS complex or in the T wave. When the two cannot be dis­
tinguished, the rhythm is identified as a supraventricular tachycardia, indicating that 
the ectopic impulse originates from a site above the ventricles. 
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Rhythm Strip 4.7c. Junctional Tachycardia in a Four-Wf'ek-Old 

The assessment criteria for junctional tachycardia are: 

1. Regular rhythm; 

2. Rapid rate-can be very high: 190-35O/minute in the neonate; 15O-25O/minute 
in the infant/child; 

3. Usually inverted P waves that occur before, within, or after the QRS complex; 
(all three may appear on one strip); 

4. 1:1 P:QRS ratio. 

5. PR interval that is shorter than the child's normal (when the inverted P wave 
occurs before the QRS complex); 

6. Normal QRS duration for age. 

Infants do not tolerate junctional tachycardia over long periods of time. Junctional 
tachycardia causes low cardiac output due to decrease in diastolic filling time as­
sociated with the rapid heart rate. Stroke volume is further decreased when atrial 
depolarization occurs after ventricular depolarization, thus removing the atrial 
contribution to end diastolic volume. Treatment, if necessary, could consist of vagal 
maneuvers, drugs like digoxin or propranolol and, lastly, cardioversion. 
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TABLE IV.1 Pediatric Summary of Cardiac Dysrhythmias: Junctional 

P:QRS PR QRS 
Rate P Wave Ratio Regularity Interval Duration Treatment 

Junctional 120 May be 1 :1 Regular Less than Age de- Atropine, 
Escape Newborn; inverted; the child's pendent; isopro-
Rhythm 45 adoles- occurrence: normal always terenol 

cent occurs (If the less than 
before, abnorm. P .08 sec. in 
within, after occurs neonate; 
the QRS before the .11 sec. in 

QRS) the child; 
unless 
aberrantly 
conducted 

Junctional May be 1: 1 Occurs less than Age de- Treat the 
Escape inverted; late; the child's pendent; under-
Beat occurrence: irregular normal always lying 

before, (If the less than cause 
within, after abnorm. P .08 sec. in 
the QRS occurs neonate; 

before the .11 sec. in 
QRS) the child; 

unless 
aberrantly 
conducted 

Accelerated Age May be 1 :1 Regular Less than Age de- Often 
J unctional Depen- inverted; the child's pendent; none 
Rhythm dent occurrence: normal always 

before, (If the less than 
within, after abnorm. P .OB sec. in 
the QRS occurs neonate; 

before the .11 sec. in 
QRS) the child; 

unless 
aberrantly 
conducted 

Junctional Up to Often 1 :1 Regular Often Age de· Try vagal 
Tachycardia 350 cannot be cannot pendent; stimula-

Neonate; interpreted interpret always tion, 
250 less than digoxin, 
infant/ .08 sec, in cardio-
child neonate; version 

.11 sec. in 
the child; 
unless 
aberrantly 
conducted 

Premature May be 1 :1 Interrupts less than Age de· Often 
Junctional inverted; rhythm; the child's pendent; none; 
Contraction occurrence: appears normal if always observe 

before, early PWave less than for tachy-
within, occurs .08 sec. in cardia 
after the prior to neonate; 
QRS QRS .11 sec. in 

the child; 
unless 
aberrantly 
conducted 



110 4 functional Dysrhythmias 

Dysrhythmia Worksheet #1 O 

Rhythm Strip 4.8. Two-Year•Old 

1. Regularity? _______________________ _ 

2. Calculate the ventricular rate. _________________ _ 

Is this a normal ventricular rate for this child? ___________ _ 

What should this child's heart rate be? ______________ _ 

3. Are P waves present? _ ___________________ _ 

Are they normal? ______________________ _ 

4. Can a PR interval be measured? ________________ _ 

If so, what is it? ______________________ _ 

Is it within normal limits for this child? _ ___ _ Constant? ____ _ 

5. Measure the QRS duration. __________________ _ 

Is it within the child's norm? _________________ _ 

6. Summarize your findings: 

a Regularity _ ______________________ _ 

b. Heart rate _______________________ _ 

c. P waves _ _______________________ _ 

d. PR interval _______________________ _ 

e. QRS duration ______________________ _ 

7. Name the dysrhythmia. ___________________ _ 

8. Where in the heart does this originate? _____________ _ 

9. Is this the normal rate for this rhythm? _____________ _ 

Active/Passive? ______________________ _ 
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Oysrhythmia Worksheet #11 
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Rhythm Strip 4.9. Adolescent 

First look at the underlying rhythm and try to identify it. 

1. Regularity? ______________________ _ 

2. Rate? - -------------------------

3. P waves? ------------------------

4. PR interval? ________ _ Constant? ________ _ 

5. P:QRS ratio? ______________________ _ 

6. QRS duration? _____________________ _ 

7. Underlying rhythm? ___________________ _ 

8. Now look at the one irregularity. 

a Does it occur earlier or later than it should? _________ _ 

b. Describe the P wave, PR interval. _____________ _ 

c. Is the QRS complex normal? _______________ _ 

d. What is this irregular beat called? _____ _____ ___ _ 

e. This strip would then be noted as _____________ _ 

____________ with a __________ _ 

and a ___________________ _ contraction. 
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Dysrhythmia Worksheet /112 

Rhythm Strip 4.10. Six-Year-Old 

1. Regularity? _____ ____ ______________ _ 

2. Ventricular rate? ______________________ _ 

3. Are there P waves present? 

4. Are they normal? _ _____________________ _ 

5. Describe them. _ ___ ________ ___________ _ 

6. PR interval? _______________ ____ ____ _ 

Normal for age? _ _____________ ____ ____ _ 

7. QRS duration? ______________________ _ 

Normal for age? 

8. Summarize your findings. 

a. Regularity _ ______________ _______ _ 

b. Heart rate _______________________ _ 

c. P waves ________________________ _ 

d. PR interval ______ _ _ _______________ _ 

e. QRS duration __________________ ____ _ 

9. Name the dysrhythmia. 

Where in the heart does this rhythm originate? 

Is this the normal rate for this rhythm? 

Active/ passive? 

REFERENCE 
1MC Slota, L Beermaf\ and G Sanch.ez: Pediatric electrocardiography overview. Heart& Lung1:78-79, 

1982. 
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Ventricular Dysrhythmias 

OBJECTIVES 

After completion of this chapter, the reader will be able to: 

1. Distinguish a ventricular complex based on: 

a. Absence of a P wave 
b. Prolonged QRS duration 
c. Abnormally shaped QRS complex 
d. T wave directed opposite to the QRS complex; 

2. State the inherent rate of impulse formation from the ventricular tissue as 
age dependent; 

3. Interpret the following ventricular dysrhythmias from example tracings using 
the criteria listed in Table V.1 

a. ldioventricular Rhythm 
b. Premature ventricular contractions, unifocal and multifocal 
c. Ventricular bigeminy, trigeminy, and quadrageminy 
d. Ventricular tachycardia 
e. Ventricular fibrillation 

Ventricular dysrhythmias are initiated by ectopic foci located in the ventricles. 
These cells can assume pacemaker functions by initiating ventricular depolariza­
tion. 

The waveforms produced by an ectopic ventricular focus have a characteristic 
appearance. The QRS complexes are different than the child's normat appearing 
distorted with a wide QRS duration, due to the abnormal conduction pathway used 
by the ventricular impulse. 
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Figure 64. Ventricular Initiated Impulse 
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The T wave is in the opposite direction of the QRS complex. This abnormal 
repolarization process is secondary to the abnormal depolarization process. 

Associated P waves are not present. Normally, the ventricular impulse is not con­
ducted in a retrograde manner to the atria. 
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Idioventricular Rhythm 

Rhythm Strip 5.1a. ldiovPnlricular Rhythm in a Two and One-Half-Year-Old 

Idioventricular rhythm or ventricular escape rhythm is a protective passive 
rhythm. It is seen only when there is a loss of impulse initiation or block in impulse 
transmission from a location higher in the conduction system. These conditions may 
exist after cardiac surgery, with rheumatic fever and myocarditis. 

As the conduction pathways become suppressed or blocked, the ventricular pace­
maker assumes control of cardiac rhythm at its inherent rate of impulse formation. 
The inherent rate is age dependent. In children it is less than 70, and in the adoles­
cent less than 40 beats per minute.1 

The assessment criteria include: 

1. Occurrence of the idioventricular rhythm after a long pause, then regular 
rhythm; 

2. Heart rate less than 70 in a child, and less than 40 in the adolescent; 

3. Absent P wave; 

4. Absent PR interval; 

5. Bizarre QRS complexes with a greater than normal duration; 

6. T wave deflection in opposite direction from the QRS complex. 

This pattern, or a faster version referred to as an accelerated idioventricular 
rhythm (Rhythm Strip 5.lb), is frequently seen during cardiopulmonary resusci­
tation attempts. 
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Rhythm Strip 5.1 b. An Acceler<1ted ldioventricular Rhythm 

The hemodynarnic effects of this dysrhythmia are an inadequate cardiac output 
secondary to the slow ventricular rate, abnormal ventricular contraction and a lack 
of the atrial contribution to stroke volume. Treatment is directed towards stimulation 
of the higher conduction areas to increase the heart rate, and includes the adminis­
tration of atropine and epinephrine. The character of the pulse has to be continually 
assessed by palpation to determine the effectiveness of the cardiac contractions. 
External cardiac massage may be needed until adequate cardiac output is estab­
lished. Children exhibiting this dysrhythmia may also develop serious tachy­
d ysrhythmias. 

Premature Ventricular Contractions 

J 
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Rhythm Strip 5.2a. Premature Ventricular Contraction in a Fifteen-Year-Old 
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Premature ventricular contractions (PVCs) are active in character in that they 
interrupt the normal rhythm. PVCs have all the characte ristic features of all ven­
tricular initiated beats. The assessment criteria include: 

1. Early appearance of the QRS interrupting the basic rhythm; 

2. Heart rate is that of the underlying rhythm; 

3. No associated P waves with the early beat; (occasionally there may be a 
P wave in front of the PVC but close examination proves the event to be 
coincidental); 

4. Absent P wave and PR interval; 

5. Abnormal QRS with a duration greater than the child's normal; 

6. The T wave deflection in a direction opposite that of the QRS complex; 

7. There is a full compensatory pause since PVCs usually do not cause inter­
ruption of SA node firing. 

Rhythm Strip S.2b. Premature Ventricular Contract ion in a Sixt~en-Year-O ld 

Notice the tracings above (Rhythm Strips 5.2) have full compensatory pauses. 
(Measure three normal RR intervals, then compare the distance to the one normal 
R-one abnormal R-one normal R distance. It is the same.) 

Look at Rhythm Strips 5.3. Compare the characteristic features of the PAC, PJC, 
and PVC. 

[j 
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Rhythm Strip 5.]a. l'rf>n1aturc Atrial Contractions in a Fifteen-Monlh-Old 

Rhythm Strip 5.3b. Premature Junction,d Contraction in a Three-Year-Old 
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Rhythm Strip 5.3c. Premature Ventricular Contraction in a Sixteen-Year-Old 
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Premature ventricular contractions occasionally occur in fixed patterns. When 
every second beat is a PVC, the dysrhythmia is ventricular bigeminy; when every 
third beat is a PVC, the dysrhythmia is ventricular trigemin y; when every fourth beat 
is a PVC, the dysrhythmia is ventricular quadrageminy. 

Rhythm Strip 5.4a. Venlricular Higeminy 

Rhythm Strip 5.4b. Ventricular Trigeminy 
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Rhythm Strip 5.4c. Ventricul,ir Qu,idragemi ny 

When more than one ventricular site starts to initiate ventricular depolarization, 
the resultant PVCs are referred to as multifocal, indicating that more than one focus 
produces several abnormal or aberrantly conducted QRS complexes. With increas­
ing myocardial irritability, the incidence of serious dysrhythmia formation is very 
high. Occasionally, an ectopic ventricular focus may fire late in diastole and initiate 
ventricular depolarization jointly with the SA node. The resultant ventricular de­
polarization pattern, the QRS complex, will have mixed features characteristic of 
both a sinus originated and ectopic ventricular originated beat. These are called 
fusion complexes. Fusion beats should be ruled out before labeling such beats as mul­
tifocal PVCs (Rhythm Strip 5.Sc). 

! 

n 
t 

Rhythm Strip 5.5a. Multifocal Premalure Ventricular Contrncl ions 
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Rhythm Strip 5.5b. Multifocal Premature Ventricular Contractions 

Rhythm Strip 5.5c. Two Unifocal PVC, with a Fusion Complex Which is Highlighted 

Premature ventricular contractions may occur near the top of the T wave of the 
previous beat. The T wave represents a vulnerable period of cardiac muscle 
recovery, and if disturbed could precipitate ventricular tachycardia or fibrillation. 
When ventricular tachycardia or fibrillation results from a PVC occurring during the 
vulnerable period, this is referred to as the R on T phenomenon. 

Rhythm Strip 5.& Short Run of Ventricular Tachycardia Caused by the R On T Phi>nomenon 
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Benign unifocal PVCs are seen in pediatric patients with no underlying heart dis­
ease, especially in those with slower heart rates. PVCs are also associated with 
invasive hemodynamic monitoring, electrolyte or acid-base imbalance, hypoxia, 
congenital heart disease, myocardiopathies, myocarditis, myocardial contusions, 
post-operative cardiotomy patients, and in drug toxicity states. 

Treatment may vary. In pediatrics, treatment is usually not indicated if the child 
does not have underlying heart disease, if the PVCs are unifocaL or if they disappear 
with exercise or increased heart rates. Treahnent is indicated if the child has heart 
disease, if the PVCs are multifocal or if they do not disappear with exercise.2 In the 
post-operative cardiac surgery patient treatment is necessary if the PVCs are fre­
quent (greater than six per minute), occurring in a series of two or more (salvos), or 
are near the T wave.3 Acute treatment usually consists of administering lidocaine, 
then, if needed, procainamide. Lidocaine, the drug of choice for emergency treat­
ment of ventricular dysrhythmias, and procainamide are both class 1 anti­
arrhythmic drugs. Lidocaine will depress spontaneous depolarization, and thus is 
useful in treating dysrhythmias due to enhanced automaticity. Procainamide im­
pair:,; conductivity and prolongs the cell's refractory period. Correction of such 
metabolic abnormalities as electrolyte and acid-base imbalances should take place 
concurrently. 

Ventricular Tachycardia 
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Rhythm Strip 5.7a. Ventricular Tachycardia in a Sf'ven-Month-Old 
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Rhythm Strip 5.7b. Ventricular Tachyc;irrlia in an Adolescent 

Ventricular Tachycardia (VT) is an active cardiac rhythm indicative of cardiac 
irritability. It occurs sometimes with little warning. VT resembles a long run of PVCs 
and is caused by repetitive firing of an ectopic ventricular focus. This arrhythmia is 
not frequently seen in the pediatric population, but when it occurs, it is always life­
threatening. The assessment criteria for ventricular tachycardia are: 

1. Slightly irregular rhythm; 

2. Heart rate greater than 100 in all age groups. 

3. P waves are buried in the abnormal complexes, so they are not discernable; 
( atrial depolarization via the SA node is unaffected); the buried P waves are in 
no way associated with the ventricular depolarization; 

4. No PR interval; 

5. The QRS complexes are wide, bizarre and distorted; 

6. T waves are directed opposite to the QRS complex. 

The hemodynamic effects of ventricular tachycardia are decreased cardiac output 
secondary to the uncoordinated ventricular contraction, and loss of the atrial con­
tribution to stroke volume. VT is not tolerated for long periods of time and soon con­
verts to ventricular fibrillation, which, if untreated, is fatal. 

It is often difficult to differentiate ventricular tachycardia from supraventricular 
tachycardia with an aberrant conduction pattern: paroxsymal atrial tachycardia or 
junctional tachycardia with aberrant or abnormal QRS depolarization. 
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Rhythm Strip 5.8a. Suprc1ventricular T<1chycardia with Aberrant Conduction 

Rhythm Strip 5.8b. Ventricular Tilchycardia 

In order to differentiate ventricular tachycardia, assess the child's hemodynamic 
instability, Le., look for signs and symptoms of altered perfusion. Assess the child's 
previous premature beats, PA Cs, PJCs, and PVCs for comparison with the current 
tachycardia. The rhythm may resemble a run of one of these beats. Assess the heart 
rate. Rates greater than 200 are more likely to be supraventricular in origin. In addi­
tion, supraventricular rhythms are usually very regular while ventricular rhythms 
can be irregular with varying QRS configurations. Look for the presence of fusion 
complexes, as they frequently occur prior to the onset, or at the termination of, ven­
tricular tachycardia Lastly, obtaining one more view of the depolarization sequence 
by switching the lead may help. This can be rapidly accomplished if the monitoring 
system in use has a lead selection dial 
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Rhythm Strip 5.8c. Supravenlricular Tachycardia with Aberrant Conduction to Junctional 
Tachycardia in ;i One-Month-Old 

VT may occur post cardiac surgery, during invasive hemodynamic monitoring. 
and with severe metabolic abnormalities, digoxin toxicity, myocarditis, myocardio­
pathy, or without an identifiable cause. Treatment includes synchronized cardio­
version and/ or a lidocaine bolus followed by maintenance infusion. Phenytoin also 
can be used when digoxin toxicity is likely. In infants, procainamide, quinidine, and 
propranolol in high doses have been found to be effective. 4 ( The use of bretylimn in 
pediatrics has been limited.} 

Various antidysrhythmic drugs (phenytoin, procainamide, propranoloL quini­
dine) will also depress myocardial c ontractility. Continual assessment of cardiac out­
put and systemic perfusion takes place concurrently with drug use, especially in the 
patient with myocarditis and myocardiopathy. In both of these disease states myo­
cardial dysfunction is already present 

Ventricular Fibrillation 
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Ventricular fibrillation (VF) results from erratic firing of multiple ectopic foci in 
the ventricles. This erratic firing results in a disorganized conduction sequence 
incapable of providing an effective ventricular contraction. Loss of the effective ventricular 
contraction results in loss of stroke volume and subsequent loss of cardiac 
output. 

The assessment criteria for ventricular fibrillation include: 

1. Complete absence of all waves, P, QRS, T; 

2. Wavy erratic baseline; 

3. No measurable heart rate. 

Ventricular fibrillation is infrequently seen in pediatrics. Children tend to de­
velop asystole or an idioventricular rhythm during cardiac arrest situations. Ven­
tricular fibrillation in children usually results from severe hypoxic states (airway 
obstruction), electrolyte imbalance, or cardiac disease-including both infectious 
and congenital disease states. 

When ventricular fibrillation is seen on the child's monitor the pattern is 
immediately verified at the bedside. The evidence of the lack of cardiac output in the 
deteriorating condition of the child will be quite obvious. The patient will be pulse­
less, cyanotic and unresponsive. Treatment of ventricular fibrillation requires 
immediate defibrillation. Defibrillation will cause spontaneous depolarization of all 
cardiac cells at one time and allow a normal spontaneous rhythm to resume control. 
Defibrillation can only be effective if the myocardium is oxygenated and not acido­
tic. Until the defibrillator is ready initiation of cardiopulmonary resusitation is 
necessary to maintain both oxygenation and circulation. The normal defibrillation 
dose is 2 joules/kg. unless the patient is on digoxin. If the patient is on this drug the 
least possible amount of energy is used. Electrical stimulation potentiates the effect 
of digoxin and may cause irreversible cardiac arrest The defibrillation dose of 
2 joules/kg. may be doubled if the first attempt to convert ventricular fibrillation 
fails. If the second attempt at 4 joules/kg. also fails, correction of the concurrent prob­
lems of hypoxia and acidosis via further CPR and sodium bicarbonate administra­
tion is necessary before any further increases in joules/kg. Lastly, administration of 
epinephrine is sometimes effective in converting a low voltage ventricular fibrilla­
tion pattern to a coarser form that is easier to defibrillate. After conversion to normal 
sinus rhythm, the child may be placed on an antidysrhythmic drug. like lidocaine1 to 
prevent the recurrence of ventricular fibrillation. Antidysrhythmic medication is 
only necessary in cases of recurrent refractory ventricular fibrillation and not, for 
example, if ventricular fibrillation resulted from a severe hypoxic episode. 

Note: A defibrillation procedure is provided in Appendix III. 
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TABLE V.1 Summary of Pediatric Cardiac Dysrhythmias: Ventricular 

p P:QRS PR QRS 
Rate Wave Ratio Regularity Interval Duration Treatment 

ldio- Under None No P Regular Not Greater than Atropine, 
ventricular 70-child waves present the child's epinephrine 
Rhythm 40-adoles. normal; 

abnorm. in 
character 

Premature None No P Prema- Not Greater than Assess history & 

Ventricu I ar waves ture; present the child's etiology. Rx it 
Contraction interrupts normal; symptomatic 

regularity; abnorm. in rnultifocal; lido-
full com- character caine; procaina-
pensatory mide; phenytoin 
pause 

Ventricular Above 100 None No P Regular to Not Greater than Lidocaine and/or 
Tachycardia in all age waves irregular present the child's cardioversion 

groups normal; 
abnorm. in 
'character 

Ventricular Not mea- None No P Irregular Not Unmeasur- Defibrillation 2 
Fibri I lation surable waves present able joules/kg.; correct 

hypoxia and aci-
dosis; follow with 
lidocaine if 
necessary 
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Dysrhythmia Worksheet #13 

Rhythm Strip 5.10. Two and One-Half-Year-Old 

1. What is the ventricular rate? __ _ Is this normal for this child? __ _ 

2. Is the rhythm regular? _ __________________ _ 

3. Are P waves present? _____________________ _ 

4. What is the QRS duration? Is it normal? 

5. Since there are no P waves present, one can assume that there is no atrial 

activity. The QRS complexes must originate somewhere other than the 
SA node or atrium. The two possible areas are the junctional and ventricular 
tissue. I{ the impulse originated from the junctional area, the QRS complexes 

would appear-----------------, thus the site of im-
pulse formation must be the ____ ________ _ 

6. What is the automatic rate of impulse formation from the ventricles? ___ _ 

Is the rate consistent with the above tracing? ____________ _ 

Therefore, this is not an active rhythm but a passive or _____ rhythm. 

This rhythm is _______________________ _ 
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Dysrhythmia Worksheet #14 

Rhythm Strip 5.11. Fifteen-Year-Old 

Examine the shape of the QRS complexes. There are two types present. When count­
ing the heart rate, count all the complexes present. 

1. What is the ventricular rate? ____________ ____ _ _ _ 

2. Is the rhythm regular? ____ ____ ___ ________ _ 

Measure the intervals of the normal complexes: 

3. PR interval? 

ls this normal for this patient? _ _ ___________ ____ _ 

4. QRS duration? _ ___ ________ ___________ _ 

ls this normal for this patient? ____ _______ ____ __ _ 

The underlying rhythm is 

5. Now, focus one of the abnormal complexes. 

a. Does it appear before or after the next complex is scheduled? ____ _ 

b. ls it normally shaped? _ ____ ___________ ___ _ 

c. Is the QRS duration greater than the child's normal? _ _ ____ _ _ 

d. Is it preceded by a normal P wave? ____ ________ _ _ _ 

e. Identify this complex: 

The rhythm above is then ________ with ____ ___ _ 

f. If the abnormal complex were to appear in a fixed pattern, ie., every other 

beat, it would be called ___ ___ ; every third beat _ ____ _ 

every fourth beat _ _ ________ ___ _____ __ _ 
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Dysrhythmia Worksheet #15 
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Rhythm Slrip 5.12. Adolt>scent 

Upon examination of the strip, you can see that there are different types of QRS 
complexes present Before looking at the abnormal appearing QRS complexes, try to✓ 
determine what the underlying rhythm is. 

1. Complete all calculations and measurements of the normal waveforms and 

decide what the rhythm is. ___ ___ _ ___ ______ _ 

2. Examine the abnormally shaped QRS complexes. 

a. Do they appear before or after the next scheduled beat? _____ _ 

b. Are they greater than normal? _ ___ _ ____ _____ _ 

c. Are they preceded by a P wave? _____ ___ ___ __ _ 

d. Is the T wave vector opposite of the QRS complex vector? ____ _ 

3. These abnormally shaped QRS complexes are _________ _ 

Do all the abnormal QRS complexes look alike? _ ___ ___ __ _ 

Why would it be important to know this? _ __________ _ 

4. The full name of this dysrhythmia is ____________ _ 

5. Ust the criteria for the treatment of PVCs. _ _ _ _ _ _ ___ __ _ 

6. What would treatment consist of? _ _____________ _ 
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Dysrhythmia Worksheet #16 
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Rhythm Strip 5.13. 

1. This dysrhythmia is _ _ _________________ _ _ 

It is a life.threatening dysrhythmia and should be identified without delay. 

2. Are normally shaped QRS complexes present? _ _________ _ 

3. The ventricular rate is _ _____________ _____ _ 

4. The dysrhythmia originates in the __________ __ and can be 

indicative of _ _________ _____________ _ 

5. When this dysrhythmia is noted what actions are necessary? 

a. - --------- ------------ ---- --
b, _ _____________ _____________ _ 

C. - -------- ------------- --- --­

d. ----------------------------

e. ----- ----------------- ------

Remember, tliis is a life-threateni,tg dysrhythntia-begin CPR if the cliild's cardit>­
vascular status is seriously compromised. 
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Dysrhythmia Worksheet #17 

Rhylhm Slrip S.14. 

1. This rhythm is _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _____ _ 

This child does not have cardiac output. 

2. When this dysrhythmia is noted what actions are necessary? 
a. _ _________________________ ___ _ 

b. - --- ----- ---------------------

c. - ---------- --- - - ----- --- ------

d. -----------------------------

3. What is the proper defibriJlation? 

4. If the child's weight is 10 kilograms, the defibrillator would be set at __ _ 

5. After successful defibrillation, what medication may be started on the child? 

REFERENCES 
1MC Slota, L Beerman, and G Sanchez: Pediatric electrocardiography overview. Heart & Lung 1:81, 

1982, 
lA Garson, PC Gillette, and DG McNamara: A Guide to Cardiac Dysrhythmias in Children. (New York: 

Grune & Stratton. 1980). 
3MC Slota and I. Beerman: Congenital heart disease. In K. Stahler-Miller (ed.): Nco11atal and Pediatric 

Critical Care N11rsing: Co11temporary Issues in Critical Care Nursing. (New York: Ch urchhill•Livingstone, 
1983), p 163. 

4JH Moller and WA Neal: Heart Disease in Infancy. (New York: Appleton-Century-Crofts, 1981), 
pp 67-68. 



Atrioventricular 
Conduction Blocks 

OBJECTIVES 

After completion of this chapter, the reader will be able to: 

6 

1. Interpret the following dysrhythmias from example tracings using the criteria 
listed in Table VI.1: 

a. First degree heart block in various age groups 
b. Second degree heart block: 

Mobitz I (Wenckebach) 
Mobitz II 

c. Third degree heart block: 
junctional escape rhythm 
ventricular escape rhythm; 

2. Contrast the etiology and distinguishing features of the two types of third 
degree heart block as seen in the pediatric population. 
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The atrioventricular conduction blocks are problems dealing with the conduction 
of an impulse through the AV node or the bundle branches. 

Figure 65. Atrioventricular Conduction Blocks 
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First Degree Hearl Block 

First degree heart block is a delay in the conduction of the sinus impulse as it 
travels through the AV node. When this occurs, the PR interval becomes prolonged. 
Remember, the PR interval represents conduction through the atria and the AV 
node. The normal PR interval varies according to age and heart rate. (See Table 112 

on page 60). 
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Rhythm Strip 6.1. f'i rst Degree Heart 13 lock i 11 a Five-Year-Old 

First degree heart block means that every impulse is conducted to the ventricles 
but each impulse takes longer to get there. The assessment criteria for first degree 
heart block are: 

1. Regular rhythm; 

2. Rate is that of the child's sinus rhythm (norma~ bradycardia, tachycardia); 

3. P waves are present normally shaped, originating at the SA node; 

4. PR interval greater than the child's normal for age and rate; 

5. There is one P wave for every QRS complex; 

6. The QRS duration is within normal limits for age. 
Numerous factors cause first degree heart block,, usually by increasing vagal tone. 

Two potentially serious causes are myocarditis and rheumatic fever. First degree 
heart block is also an effect of digoxin. This rhythm disrurbance produces no adverse 
effects and does not require treatment Observation should continue in order to 
detect possible progression to a more serious type of AV block. 

Second Degree Heart Block 

In second degree heart block some of the sinus impulses are able to pass through 
the AV node and junction while some are not. There are two types of second degree 
heart block Mobitz type 1/Wenckebach and Mobitz type II. 

Type I or Wenckebach, the more common of the two in the pediatric population, is 
generally a benign dysrhythmia, seldom progressing to a more serious heart block. 
although it can be associated with congenital and rheumatic heart disease. 
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Type II second degree heart block is more serious than Type I for it occasionally 
progresses to complete heart block. Post-operative cardiac surgery patients are at 
risk of developing this dysrhythmia. 

Rhythm Strip 6.2a. 3:2 Wenckebach or Mobil;,: Type I Second Degree He-art Block 

Wenckebach or Mobitz Type I 
In Wenckebach or type I second degree heart b lock, there is a progressive slowing 

in the conduction of sinus impulses through the AV node. Eventually one impulse 
cannot be conducted through at all causing a pause in the child's rhythm. These 
events are seen as progressively increasing PR intervals followed by an unconducted 
sinus P wave. The unconducted sinus P wave occurs when the impulse reaches the 
AV node during the absolute refractory period. After the normal P wave occurs 
without a QRS complex, the cycle begins over again. 

Upon gross examination of the child's rhythm, one notes a grouping of the QRS 
complexes separated by pauses. When describing Wenckebach, note the number of 
P waves to the number of QRS complexes within the cycle. 

The rhythm in Rhythm Strip 6.2a is described as 3:2 Wenckebach because there are 
three P waves but only two QRS complexes in the cycle. 

0.79 sec. 0.75 sec. 0.72 sec. ,.-,-___...-,_ 
I , I 

~~U~ V ~ L.l~ ~VLA 
0 .16 sec. 0.21 MC, 0.24 sec. 0.26 sac. 

Rhythm Strip 6.2h. 5 :4 Wenckf'bach in an Eighteen-Month-Old, Note thf' Increasing PR lriter-
v.ils and the Decreasing R To R Intervals · 
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The greatest change in the PR interval is noted in the beginning of the cycle. Note 
that on Rhythm Strip 6.2 b the first PR interval after the pause measures 0.15 second, 
the second measures 0.21 second, the third measures0.24 second, and the last before 
the next pause measures 0.26 second. This results in a decreasing R to R interval. The 
first R to R interval measures 0.79 second, the second measures 0.75 second, the last 
measures 0.72 second. 

The ECG criteria for type I second degree heart block are: 

1. Irregular rhythm appearing cyclic in character; 

2. An atrial rate normal for age; ventricular rate slower than the atrial rate; 

3. P waves present and normally shaped; 

4. PR interval gradually increases until a QRS complex is not present. After the 
unconducted P wave, the cycle repeats itself; 

5. The ratio of P waves to QRS complexes is 1: 1 for several beats, then followed 
by one unconducted P wave, i.e., ratio may be 5:4, 4:3, 3:2; 

6. The QRS complexes are within the child's norm for age. 

The hemodynamic effect of type I second degree heart block is dependent upon 
the ventricular rate. If the ventricular rate is very slow, the child becomes symp­
tomatic, necessitating therapy to increase the ventricular rate. Atropine is useful in 
restoring normal AV transmission, which results in an increased heart rate. 

Mobitz Type Tl 
ln Mobitz type II second degree heart block, impulses are suddenly unable to con­

duct through the bundle of His and bundle branches. In this rhythm, there is no 
change in the P to P interval or the PR interval from beat to bea~ but there is a sudden 
dropping of the QRS complex. This may occur once, intermittently, or in a set pat­
tern. If the block occurs in a set pattern, the number of P waves to unconducted QRS 
complexes should be described. The rhythm in Rhythm Strip 6.3 is 2:1 . 

• 
' ' . i 

Rhythm Strip o.3. 2:l Type II Sl'u;nd Degree He;irl Klo ck in a Sevfm-Month-O ld 
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The ECG criteria for type II second degree heart block are: 

1. The atrial rate is within normal limits but the ventricular rate is slower; 

2. The rhythm is irregular if the ratio of block is intermittent; and in a set pattern 
if the ratio of block is fixed; 

3. P waves present and normally shaped; regular P to P intervals; 

4. The PR interval is normal and consistent; 

5. The ratio of P waves to the QRS complexes can be varied or fixed; 

6. The QRS duration is usually abnormal due to bundle branch block. 

The hemodynamic effects of this rhythm disorder depend upon the ventricular 
rate. If the ventricular rate is very slow the child's cardiac output will become com­
promised. Atropine is usually not effective in increasing AV node transmission. An 
isoproterenol drip may temporarily increase the slow ventricular rhythm; but the 
definitive treatment is insertion of a temporary pacemaker. This action is frequently 
necessary in the post-operative cardiac case because of the potential for this rhythm 
to convert to complete heart block. (Rhythm Strip 6.4) 

l 
Rhythm Strip 6.4. 2:1 Type II Second Degree Heart Hlock Progressing to Third Degree Heart 
Block in a Seven-Month-Old 

Whenever unconducted P waves are present, assessment should be made to 
determine if the P wave should or should not have been normally conducted. As you 
recall, it is normal for a P wave to be unconducted if it occurs too early (P Aq in the 
cycle and the AV node is still in the refractory period from a previous conduc­
tion sequence. 

Before going on to third degree heart block, review the basic differences in the AV 
blocks presented thus far. (See Rhythm Strips 6.Sa, b and c.) 
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Rhythm Strip 6.Sa. 3:2 Type 1/Wenckebach Second Degree Hearl Block in an Adolescent 
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Rhythm Strip 6.5b. 2:1 Type II Second Degree Heart Block in a Nine-Month-Old 
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Rhythm Strip 6,!ic. First Degrt>e Heart Block in a Seven-Month-Old 
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Third Degree Heart Block 

Rhythm Strip 6.6. l hird rJegrcc Heart Hluck 

In third degree heart block. the sinus impulses are not conducted through to the 
ventricles. When this occurs, an escape rhythm below the block initiates ventricular 
depolarization to maintain cardiac output This escape rhythm may be junctional or 
ventricular in origin. 

JUNCTIONAL 
CONDUCTION 

VENTRICULAR 
CONDUCTION 

Figure 66. Junctional ,ind Ventricular Conduction with Third Degree Heart Block 
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Junctional escape rhythm has a rate of up to 120 in the newborn and up to 45 in the 
adolescent The QRS complexes usually appear normal and the rhythm is regular. 
Ventricular escape rhythm has a rate below 70 in the infant and below 40 in the 
adolescent The QRS complexes are abnormal with a duration greater than normal 
and the rhythm is regular. 

The most distinguishing feature of third degree heart block with either escape 
rhythm is that the P wave and QRS complexes occur independently of one another, 
each firing at their normal inherent rate. The term A-V dissociation refers to this 
characteristic of third degree heart block. 

The ECG criteria for third degree heart block are: 

With junctional escape rhythm-

1. Regular rhythm, regular RR intervals; 

2. Normal atrial rate for age; 

ventricular rate up to 120 in the newborn and up to 45 in the adolescent; 

3. Normal P wave, regular PP intervals;" 

4. No PR interval 

5. No P:QRS relationship; 

6. Usually normal QRS duration. 

With ventricular escape rhythm-

1. Regular rhythm, regular RR intervals; 

2. Normal atrial rate for age; 
ventricular rate less than 70 in the infant, less than 40 in the adolescent; 

3. Normal P wave, regular PP intervals;* 

4. No PR interval; 

5. No P:QRS relationship; 

6. Abnormal QRS duration. 

Sometimes it will be difficult to determine the type of escape rhythm present due 
to the rate overlap in various age groups and the possibility of aberrant junctional 
conduction. What is important is the child's ventricular rate, for it will determine the 
cardiac output and the subsequent symptoms. 

•Jt is important to measure the PP intervals across the strip. The P waves may be buried in QRS com­
plexes, ST segments, or T waves. 
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Examine the tracings below: 

________________ .--.., ~---...,,--------------"',... ____ .,,,,... ___ _ 

Rhythm Strip 6,7a. Third Degree Heart Block W ithout an Escape Rhythm 

Rhythm Strip 6.7h. Thi rd Degree Heart Block w ith c1 Junctional Escape Rhythm in a Seven­
Month-Old 

Rhythm Strip 6.7c. Third Degree Heart Block wi th a Ventricular Escape Rhythm i11 a Seven­
Month-Old 
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Third degree heart block in the pediatric population may be congenital or 
acquired. Congenital complete heart block may first be detected during fetal mon­
itoring. It can be associated with a congenital heart disease like ventricular inversion, 
but usually appears as a single entity. Infants may tolerate congenital complete heart 
block and compensate by increasing cardiac size and stroke volumes. These infants 
do require close followup care for the possible occurrence of congestive heart fail­
ure, syncopal attacks and exercise intolerance. I Older children without associated 
heart disease do well as long as they continue to increase their stroke volumes and 
heart rates as needed to maintain adequate cardiac output However, they are at risk 
for Stokes-Adams syndrome (manifested by dizziness, syncope, and convulsions) 
and for sudden death dtie to an unreliable ventricular pacemaker. Permanent 
pacemaker insertion can be delayed in both age groups until the patient becomes 
symptomatic. 

Acquired complete heart block may result from disruption of the conduction sys­
tem during open heart surgery. The heart block may be transitory or permanent, 
depending upon the site and amount of swelling along the suture line. Heart block is 
most frequently seen with repairs involving the ventricular septum, atria, and endo­
cardial cushion.2 It may also result from inflammatory processes involving the heart 
like myocarditis. Children with acquired heart block frequently require immediate 
pacemaker insertion. 

TABLE VI.1 Summary of Pediatric Cardiac Dysrhythmias: 
Atrioventricular Blocks 

p •P:QR5 PR QRS 

Rate Wave Ratio Regularity /nterv.il Duration Treatment 

First Underlying Normal 1: 1 Regular Greater Normal None 
Degree rhythm normal, than the for observe 
Block bradycardia, child's age 

tachycardia normal for 
age and 
rate 
(Table 11.2) 

Second Atrial rate Normal Starts 1 :1 , Irregular, Progres- Normal None; 

Degree normal for then 1 :O cyclic in .'iive for age observe; 
Block age; ventricular character increase atropine if 

Wencke- rate less than until one ventricular 

bach atrial QRS rate 
Type I complex inadequate 

dropped 

Second Atrial rate Normal P greater Irregular, Fixed in Normal lsop rote re no I, 
Degree normal for age; than QRS; may occur conducted for age pacemaker 

Block ventricular rate may be in a set beats 
Type II less than atrial fixed ratio pattern 

i.e. 3:1, 2:1 

Third Atrial normal; Normal; NO Regular None Normal Pacemaker; 
Degree ventricular may be relation ship observe for 

Block 120 newborn, buried CH F, Stokes-

with 4 5 adolescent Adams 
Junctional Syndrome 

Escape 

Third Atrial normal; Normal; NO Regular None Abnormal, Pacemaker; 
Degree ventricular may be relationship greater observe for 
Block below 70 buried than CH F, Stokes-
with inian~ 40 child's Adams 
Ventricular adolescent nurm Syndrome 

Escape 
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Dysrhythmia Worksheet #18 

Rhythm Strip 6.8. Fifteen-Month-Old 

1. Regularity? ________________________ _ 

2. Calculate the atrial rate; ____ calculate the ventricular rate. ____ _ 

Are they the same? _____________________ _ 

3. Examine the P waves. _____ _ Are they consistent? _ _____ _ 

Are they normal? ______________________ _ 

4. Measure the PR interval. __ _ Is it normal for age and heart rate? __ _ 

Is it consistent? _______________________ _ 

5. What is the P:QRS ratio? ___________________ _ 

6. Measure the QRS duration. ______ _ Is it normal? ______ _ 

7. What are the criteria for normal sinus rhythm in this patient? 

a Rhythm ________________________ _ 

b. Rate __________________________ _ 

c. PR interval ____ ___________________ _ 

d. P:QRS ratio ______________________ _ 

e. QRS duration ______________________ _ 

8. What abnormality is present? __________________ _ 

9. Name this rhythm. ______________________ _ 
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Dysrhythmia Worksheet #19 
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Rhythm Strip 6.9. Eight-Year-Old 

1. Regularity? Is there a pattern? _ ______ _ 

2. Atrial rate? _________ Ventricular rate? ________ _ 

3. Are P waves present and normally shaped? _____ ______ _ 

4. Measure the PR interval. ___ _ Is the PR interval consistent? ___ _ 

Describe the sequence of the changing PR intervals, ________ _ 

5. What is the P:QRS ratio? ___ _ ls there a pattern present? ___ _ 

6. Measure the QRS duration._____ Is it normal for age? ____ _ 

7. Name the dysrhythmia. __________________ _ 

8. Define this dysrhythmia. __________________ _ 

9. Is this a dangerous dysrhythmia? _ ______________ _ 
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Dysrhythmia Worksheet #20 

Rhythm Strip 6.10. Seven-Month-Old 

1. Regularity? _________________ ____ __ _ 

2. Atrial rate? ________ _ Ventricular rate? ________ _ 

3. Normal P waves? _ ___ _ ________ ____ _____ _ 

4. Measu re the PR interval. ____ __ _ Normal PR intervals for age and 

rate? _______ _ Is the PR interval consistent? _ ____ __ _ 

5. Is there a P wave before every QRS complex? _ __________ _ 

Does every P wave have a QRS complex following it? _______ _ 

6. What is the P:QRS ratio? _____ _ Is it consistent? ______ _ 

7. Measure the QRS duration. ______ _ Normal? ______ _ 

8. While some of the P waves are conducted to the ventricles, some are not. 

The rhythm is a form of _________ degree block What is the 

name of this block where some of the impulses art! unable to conduct to the 
ventricles? _ ________ _______________ _ 

9. Is this a dangerous dysrhythmia? _ ______________ _ _ 

10. What could happen to this child's dysrhythmia? _________ _ 
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Dysrhythmia Worksheet #21 

--.......... , ....... J ...__~..._ ___ "-__ - - --.1L ,l ,,... - -, 

Rhythm Strip 6.11. Three-Year-Old 

1. Regularity? - --------------- - ---------

2. Atrial rate? __ _ Ventricular rate? __ _ Are they the same? __ _ 

Be sure to find all the P waves by plotting them across the strip. 

3. Are the P waves normal? _______ What is the possible origin of the 

P waves? _________________________ _ 

4. PR interval? _________ _ Consistent? _________ _ 

5. P:QRS ratio? _________ _ Is there one P wave for every QRS 

complex? ____ Does the relationship of the P waves to the QRS complexes 

remain fixed? _ _______________________ _ 

6. Measure the QRS duration. ______ Where in the heart does the QRS 

complex originate? ______________________ _ 

7. Name the dysrhythmia ____________________ _ 

Is this a serious dysrhythmia? _ ________________ _ 

8. What clinical signs would be assessed at the bedside in order to evaluate how 

well the child is tolerating this dysrhythmia? _ ___________ _ 

9. What is the preparation for treatment of this dysrhythmia? ______ _ 

REFERENCES 
1MC Slota: Cardiac pacemakers in children. Critical Care Nurse 7:35, 1981. 
2Ibid. 





Lead II as 
Assessment Tool 

OBJECTIVES 

After completion of this chapter, the reader will be able to: 

7 

1. Describe the resultant changes in waveforms associated with hyperkalemia 
and hypokalemia; 

2. Discuss the effects of calcium imbalance on cardiac waveforms; 

3. Compare the expected II digoxin effect" to that of digoxin toxicity; 

4. Calculate a QTc interval. 

The ECG, particularly lead IL can be used as a tool to recognize and assess elec­
trolyte imbalances and to evaluate the therapeutic effects of medication. The sys­
temic changes produced by two electrolytes, calcium and potassium, can be detected 
first on the ECG strip (lead II). These two electrolytes affect specific phases of the 
action potential curve, thereby changing cardiac waveforms. Digoxin also produces 
typical ECG changes that must be assessed to effectively care for the child 

Potassium 

Potassium is a major cation (positive ion) of the intracellular compartment. Its 
intracellular concentration is approximately 150 mM/L The potassium level 
obtained from the lab report is indicative only of the extracellular fluid and is nor­
mally 3.6-5.2 mM/L (Please note that all levels are dependent upon individual lab 
standards.) 

Potassium continually moves out of the cell through diffusion and is normally 
moved back into the cell with the help of the sodium-potassium pump. Many factors 
affect the movement or shift of p·otassium between the intracellular and 
extracellular compartments. 
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As was noted in chapter one, potassium is very important in establishing action 
potential. The action potential curve results from electrical changes that occur over 
the cell's membrane during the cardiac cycle. The ECG can be the best indicator of 
the potassium gradient across the cell's membrane. Specific waveform changes that 
occur with imbalance can alert the nurse to electrolyte problems. A good example of 
this is seen in children being treated for diabetic ketoacidosis. Once treatment is 
initiated, these children experience tremendous potassium shifts between their 
intra- and extracellular spaces. Serial rhythm strips help in the assessment of these 
changes and assist in the management of potassium replacement. 

Hyperkalemia 

Hyperkalemia is defined as an excess of potassium in the extracellular fluid at 
levels over 5.5mM/L The causes of hyperkalemia are numerous and include: 

1. Increased potassium intake, particularly with IV therapy and blood adminis­
tration; 

2. Decreased potassium excretion through the kidneys, as occurs with renal 
failure; 

3. Translocation of potassium from the intracellular compartment as in 
metabolic acidosis, burns, and severe tissue injury. 

Pseudohyperkalemia, resulting from hemolysis of red blood cells during 
phlebotomy, occurs frequently in pediatrics, due to the prevalence of taking 
capillary blood specimens. 

Cardiac muscle cells and Purkinje cells are the most sensitive to hyperkalemia1 

With hyperkalemia, there is a decrease in the potassium gradient across the cell's 
membrane so less potassium leaves the cell. Initially this causes an increase in the 
slope of phase 3 in the cardiac muscle cell. Phase 3 of the action potential curve is part 
of the repolarization process and corresponds with the T wave on the tracing. 
Therefore, T wave changes on the rhythm strip will occur first. As the gradient de­
clines further, it creates a less negative resting potential, resulting in a slower rise in 
phase O of the action potential curve or a slower depolarization process. 

Resting 
Membrane 
Potential 
Shift 

+30mV. 

0mV. 

-60mV. 

-90mV. 

0 

threshold 

--- Normal 

.. .......... _ Hyperkalemia 

j\ 
! ·····················• ......... . 
f \ ..... 
j ---- -~--':.--

... ............................. . 
phase 3 4 t 

Figure 67. The Cardiac Muscle Cell's Normal Action Potential Curve Contrasted to that of 
Hyperkalernia 
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The P wave and the QRS complex are reflective of phase O of the atrial and ven­
tricular cells. A slow rise in phase O will produce a decrease in the conduction speed 
through these chambers. The resultant waveform changes are progressive in charac­
ter and sedative in effect. 

Serum Potassium 
Level 

5.5-7.5 mM/L 

7.5-8.5 mM/L 

8.5-10.0 mM/L 

9.0-11.0 mM/L 

Figure 68. 

B 

E 

ECG Pattern 

Tent shaped T waves (short 
phase 3) 

Wide QRS duration, increased 
PR interval (slowed phase 0 
involving the ventricular cells; 
decreased speed of conduc­
tion) 

Broad P waves (slowed phase 
0 involving the atrial cells) 

Atrial arrest, further widened 
QRS duration 

Sine wave; QRS and T wave 
fusion 

Note: As the serum potassium increases, conduction slows and all the complexes 
appear stretched, Le., the intervals and durations all spread. 
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--Normal 

+30mV. 0 ~ 

____ .. t-·············••"'···· 

.... , ....... Hyperkalemia 

-60mV, -~ --------- ~-----
threshold 
shift 

Resting 
Membrane 
Potential 
Shift 

4 ····•··•••··•··•••··· 

······· 
-90mV, r-_-.-.. -.... -... -. ... -,,, .. __ ..,__-_-_-_-_-_-_-_-,_- _- _- _- _--'-_-_-_-_-_-__ - _- _- _- _- _- _-_~ \-•.. -.... -.. _- _-_-_-_-_ 

Figure 69. The l'urkinje Cell's Norrnc1I Action Potenlial Curve Contras1ed to that of Hyµcr­
kalemia 

The automaticity of the cells in the conduction system also becomes affected by 
the increased potassium levels. The diastolic depolarization phase, phase 4, becomes 
flatter in the Purkinje fibers. There is also an increased distance between the 
threshold potential and the resting membrane potential. Both factors serve to de­
crease automaticity and slow conduction. When this occurs, sinus, AV, and intraven­
tricular blocks can appear. With very high potassium levels, the child will develop 
ventricular arrest or fibrillation. 

The other cells in the conduction system also have a decreased slope of phase 4, 
but the threshold and resting potential will alter as wel~ so no changes in auto­
maticity occur.2 

These lead II strips were obtained from a three-year-old presenting with a 
potassium of 10.0 mM/L Note all the features described earlier. 

Rhythm Strip 7.1 a. I lypcrkalcmia f'allerns Recorded in a Three-Year-Old 
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Rhythm Strip 7.1 b. HypP.rkalcmia Patterns Recorded i11 ,1 Three-Year-Old 
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Rhythm Strip 7.1 d. I lypP-rkalP.rnia l'atlP.rn5 RP.corded iri a ThrP.c-Ycar-Old 

Methods used to correct hyperkalemia include: 

1. Decreasing potassium intake; 
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2. Increasing potassium excretion through diuretics, dialysis, and exchange 
resins; 

3. Antagonizing the effect of increased potassium on the cardiac muscle cell by 
administration of sodium to steepen the upstroke of phase 0, and calcium to 
increase the threshold potential; 
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4. Shifting potassium intracellularly, with bicarbonate, or glucose and insulin 
administration. 

While treatment is being instituted, progressive positive changes should occur on 
the child's rhythm strips. Careful assessment will be needed on a continuous .basis. 
Also, observation for possible rebound hyperkalemia or overshoot of correction 
is warranted. 

Hypokalemia 

H ypokalemia is defined as a deficit in the extracellular potassium concentration at 
levels lower than 3.5 mM/L The many possible causes include: 

1. Decreased intake of potassium, especially when the child is NPO and on IV 
therapy without sufficient potassium replacement; 

2. Increased excretion through the gastrointestional tract as with vomiting and 
diarrhea or gastric drainage; 

3. Increased excretion through the kidneys as with diuretic use or high flow 
urine output states; 

4. Translocation into the cells as in metabolic alkalosis or insulin use. 

The ECG changes that occur in hypokalemia are not as dramatic as those in 
hyperkalemia. Only about half of the children with levels of 3.0 mM/L show rhythm 
strip changes, but all patients show changes when levels get as low as 2.7 mM/L In 
hypokalemia there is an increase in the gradient across the cell's membrane which 
means that more potassium leaves the cell This results in a more negative resting 
potential in the cardiac muscle cell 

+30mV. 

-60mV. 

Resting -90mV, 
Membrane 
Potential -100mV. 
Shift 

threshold 
level 

t i\ 
0 ..... 

·•.· ........... ....... . 

.J ........ .. , .... . 

--- Normal 

·······• ........ Hypokalemia 

Figure 70. The Cardiac Muscle Cell's Normal Aclion Potential Curve Contrasted to that o( 
Hypokalemia 
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Hypokalemia also causes a short phase 2 and a longer than normal phase 3. This is 
reflected in th.e ECG as a depressed S.T segment and a flattened T wave. Prominent U 
waves are also present 

Rhythm Strip 7.2 Hypokalemia Pattern, Note the ST Segment Depression, Flattened T Wave, 
and Prominent u Waves 

Ectopic atrial and ventricular beats or tachydysrhythmias can occur with pro­
gressive hypokalerrtia The dysrhythmias are due to an increased automaticity (slope 
of phase 4) of ectopic pacemaker cells. The enhanced automaticity of these cells will 
allow them to initiate impulse formation prior to the sinus node. 
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Figure 71. Enhanced Automatically of Ectopic Pacemaker Cells Due to Hypokalemia 
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Lead II strips were obtained from a three-month-old infanl On admission 
(Rhythm Strip 7.3a), the infant's serum potassium level was 7.9mM/L 

. I 

~~~~~~,.,,Jr1~~~0>--·A1~r·~~ 
I I i j f i l .I 1 I I \ , l 1 1 

Rhythm Strip 7.3a. Serum Potassium of 7.4mMII 
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! I 

Rhythm Strip 7.3b. Serum Potassium of 2.1 mM/L 

Later, after hydration and correction of acidosis (Rhythm Strip 7.3b), the level 
dropped to 2.1 mM/L Note the T wave changes. 

Treatment of hypokalemia involves replacement of the potassium. The preferred 
route is through a normal diet, which is sometimes impossible in the sick child. 
Intravenous potassium is then administered but with careful monitoring of cardiac 
rhythm patterns and blood levels to avoid rebound hyperkalemia. Unit protocols 
governing maximal intravenous delutional_ strengths should be followed. Concen­
trated potassium solutions produce vasculitis. 

Children taking digoxin and diuretics are at even greater risk for potassium im­
balance. Digoxin decreases the effectiveness of the sodium-potassium pump in 
returning potassium to the cells3, while some diuretics increase potassium loss in the 
urine. With a total body decrease of potassium, there is an increased risk of digoxin 
toxicity. These children's electrolyte levels should be monitored closely. 
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Calcium 

Calcium is another important cation in the body. Calcium alters the cell's per­
meability to other ions and is required for cardiac electrical activation and muscular 
contraction. Normal calcium levels are 8.5-10.5 mg%. Hypercakemia is defined as a 
serum calcium level higher than 10.5 mg%. Hypocalcemia is a serum calcium level 
lower than 8.5 mg%. 

The most common causes of calcium disturbances are outlined below: 

Hypercalmecia 

1. Increased conversion from non-ionized form as seen in acidosis and 
increased bone catabolic states. 

2. Decreased excretion as seen in renal failure. 

Hypocalcemia 

1. Inadequate intake; 

2. Increased calcium loss through gastrointestional tract or kidneys; 

3. Decreased bone reabsorption as seen in alkolatic states; 

4. Neonatal stress which causes increased calcium deposition in bone; 

5. Precepitation of serum ionized calcium due to frequent blood bank, citrate­
phosphate-dextran rich blood administration. 

Abnormal calcium levels can cause abnormalities in the QT interval. The QT in­
terval represents total ventricular systole· and it varies with the heart rate. The QTc i~ 
the QT interval corrected for heart rate. G ~nerally, the T wave should end one-half.to 
two-thirds of the distance between two~ waves. A T wave which differs should be 
examined more closely by calculation of a QTc. The normal QTc is 0.40 ± 0.04 
second. The QTc value is obtained by dividing the QT interval by the square root of 
the RR interval. This is called the Bazett Equation. 

QT interval 
Qtc = ,J RR interval 

The QT.c in Rhythm Strip 7.4 is 0.443 second. 
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Rhythm Strip 7.4. Calculatio11 of lhe QTc 

The RR interval measures 0.40 second, its square root is 0.632. The QT interval 
measures 0.28 second. 

.443 

QTc = 632. f 280.000 

In hypercalcemia, the QTc is shortened due to a decrease in the length of the ST seg­
ment corresponding to phase 2 of the action potential in cardiac muscle cells. The 
threshold potential of the cardiac conduction cells is also shifted from approximately 
-40mvs. to -30mvs. in the pacemaker cells and from approximately -60mv. to 
-S0mvs. in Purkinje fibers. This results in a decrease in the rate of automatic dis-
charge (bradycardias) and conduction delays (AV blocks), Unchecked, this condi­
tion leads to possible ventricular dysrhythmia,, cardiac arrest or sustained myo­
cardial contraction. 
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Figure 72. Action Polenlial Changes Associated with Hypercalcemia 
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In hypocalcemia, on the other hand, the QTc is prolonged due to an increase in the 
Length of the ST segment or phase 2 of the action potential in cardiac muscle cells. 
The threshold potentials in the conduction system will be more negative, resulting in 
an increased incidence of ectopic cardiac dysrhythmias. 

+30mV. 

-60mV. 
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MUSCLE CELL 

Normal 

Hypocalcemia 
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Figure 73. Action Potential Changes Associalerl with! lypoc;ikemia 
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Treatment of both states consists of correcting the primary problem. Intravenous 
calcium is the primary treatment of hypocakernia but extra care must be taken dur­
ing administration. If given too rapidly, calcium will cause bradycardia. Calcium and 
digoxin both potentiate the other's effect. So administration of calcium on a 
digitalized child may cause a sustained myocardial contraction or precipitate digoxin 
toxicity. 

Long QTc intervals may also be seen in myocarditis and prolonged QT inter­
val syndromes. Romano-Ward, an autosomal dominant inherited syndrome, and 
Jervel and Lange-Neilson, an autosomal recessive inherited syndrome, are both 
characterized by a prolonged QTc and episodic ventricular tachycardia and 
fibrillation. 4 

Short QTc intervals may be seen as part of the digoxin effecl 

Digoxin 

Digoxin, a cardiac glycoside, is used frequently in the management of congestive 
heart failure. Digoxin has a negative chronotropic effect and a positive inotropic 
effect on the hearl It slows conduction through the AV node, and therefore is helpful 
in management of dysrhthmias like PAT. 

Children require higher doses of digoxin per kilogram of body weight than adults 
because of greater enzyme activity normal in the child. Digoxin levels are difficult to 
interpret. In adults, toxicity is probable with a serum digoxin level greater than 2.0 
ng/ml. In infants, there is a wide toxicity range, 2.0-5.0 ng/ml. A child with a 
therapeutic digoxin effect may have a serum digoxin level considered toxic by adult 
standards. Another difference in the assessment of children for digoxin toxicity is 
that most children present with cardiac dysrhythmias and not the usual gastrointes­
tional or neurological symptoms seen with adults. Anorexia, nausea, vomiting and 
diarrhea are sometimes seen but may also be confused with other diagnoses, like a 
viral infection or congestive heart failure. The neurological sequelae such as visual 
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disturbances, headache, and neuromuscular weakness are difficult to evaluate in the 
pediatric patient. 

Digoxin produces changes in the ECG that are not related specifically to dose, 
therapeutic range, or toxicity. These rhythm strip changes are referred to as" digoxin 
effect"-the effect digoxin has on the ECG. They are: 

• minor bradycardia 

• minor first degree heart block 

• shortened QT c interval 

• depressed ST segment 

Again, these effects are expected and acceptable. 
Digoxin toxicity will cause: 

• sinus bradycardia with junctional escape beats 

• ectopic atrial activity 

• junctional tachycardia 

• AV blocks 

• premature ventricular contractions 

Any ectopic activity present after the digoxin is started may be related to digoxin 
toxicity. The nurse should record a lead II rhythm strip before giving the first dose 
of digoxin, before each digitalizing dose, and then daily while the child is hospital­
ized to assess the" digoxin effect" and look for signs of toxicity. If there is any ques­
tion, the physician should be notified before the drug dose is administered. The 
cardiac rhythm should be assessed any time the heart rate is taken. Heart rates 
should be followed also, but they are variable. If the heart rate is 10 points lower than 
normal for age, the physician should be notified before digoxin administration,5 
Because there is an increased incidence of digoxin toxicity associated with renal 
failure, hypokalemia, hypoxia, acidosis, and hypercalcemia, appropriate monitoring 
of these parameters should be carried out concurrently with digoxin therapy. 

Rhythm Strip 7,Sa. nigoxin Effecl in a Seven-Month-Old 
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Rhythm Strip 7.5b. Digoxin 1 oxicily in a Seven-Month-Old, Junctional Tachycardia 

Rhythm Strip 7.5c. Digoxin Toxicity in a Seven-Month-Old, Third Degree Heart Block with an 
Unstable Junction al Escape Rhythm 

REFERENCES 
tMJ Goldman: Principles of Clinical Electrocardiography, 11th ed. (Los Altos: Lange Medical Publications, 

1982), pp. 208-209. 
2lbid., p 209. 
3LC Weeks: Cardiovascular physiology. In MR Kinney (ed.): AACN's Clinical Reference for Critical-Care 

Nursing. (New York: McGraw-Hill Book Company, 1981), p 34. 
4J Huntington: Care of the child with a disorder of the cardiovascular system. In AR Oakes (ed): Critical 

Care Nursing of Children and Adolescents. (Philadelphia: W. B. Saunders Co., 1981), p 142. 
5Ibid., p 132. 
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The Twelve Lead ECG 

OBJECTIVES 

After completion of this chapter, the reader will be able to: 

1. Define the difference between unipolar and bipolar leads; 

2. State the ECG leads and compare the expected deflections in each; 

3. Calculate and interpret the P, QRS, and T wave axes, in various age 
groups; 

4. Assess for the presence of right and left ventricular hypertrophy patterns 
using the chest leads; 

5. Compare the waveform deflections associated with different types of 
intraventricular conduction blocks. 
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Interpretation 

The twelve lead ECG provides information to assist in the determination of 
impulse origin, chamber hypertrophy, and interventricular conduction delays. 

The twelve lead ECG visually reflects the mean vector, or average electrical force 
and direction, of any given portion of the cardiac cycle. It views the electrical force 
from two aspects: the frontal plane and the horizontal plane. 

The first six leads, the standard limb leads, L II, IIL a VR, a VL, a VF, assess the electri­
cal pathways on the frontal plane. 

aVR 

I 

BIPOLAR LEADS UNIPOLAR LEADS 
aVF 

Figure 74. Bipolar and Unipolar Stc1ndard Limb Lf'ads View the Cardiac Vectors on the Frontc1I 
Plane 
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The chest, or precordial, leads V3r, V1, V2, V31 V4, V5, V6, assess the electrical pathway 
on the horizontal plane. (AV 3 r is a V 3 on the right side of the chest. It is usually added 
to the pediatric twelve lead ECG to provide an extra view of the electrical forces from 
the right side of the chest.) 

SPINAL CORD 

V3 
UNIPOLAR LEADS 

Figure 75. Unipolar Chest Leads View the Cardiac Vectors on the Horizontal Plane 

Bipolar leads record the heart's electrical activity occurring between a positive and 
a negative electrode. Bipolar leads are utilized in bedside monitoring (as discussed 
in Chapter one) and also in leads I, II, and Ill of the twelve lead ECG. 

Unipolar leads record the heart's electrical activity viewed only from a single posi­
tive electrode. Leads a VR, a VL, a VF, and the precordial leads of the twelve lead ECG 
are unipolar leads. 

Note: an ECG procedure is included in Appendix IL 

The Frontal Plane 

The hexaxial reference system represents the frontal plane leads drawn to intersect 
at a central point When drawn in this manner the lead axes are apparent Coor­
dinates are added to the positive and negative ends of each lead. The positive end of 
lead I is given 0° and its negative end is given ±180°. From 0° the remaining coor-
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dinates are divided into ±30° intervals. Moving counterclockwise from 0° the values 
are negative and moving clockwise from 0° the values ~re positive. 

(-aVF) 
_ (-ti) - oo· (-111) 

\ I ...,.,.,. - 120· -ll()' 

--.----I -- -150• -· 
II +I ~ 100· o· ..... 

(-1) + + 
aVF ....... 

.............. 
............... + t!JO• 

aVR aVL ....... -.... -(aVL) 
(-aVR) ............ 

, +no· +eo· -.... + Ill +00" +II 
+aVF 

aVF 

Figure 76. The Hexaxial Reference System Represents the Frontal Plane leads Drawn to Inter­
sect at a Central Point 

As illustrated in Figure 76: 

1. Lead I represents the difference in the electrical potential between the positive 
left and the negative right arm electrodes. 

2. Lead II represents the difference in the electrical potential between the nega­
tive right arm and the positive left leg electrodes. 

3. Lead III represents the difference in the electrical potential between the nega­
tive left arm and the positive left leg electrodes. 

4. a VR represents the difference in electrical potential between the right arm and 
the average of the potentials of the left leg and arm. 

5. a VL represents the difference in electrical potential between the left arm and 
the average of the potentials of the left leg and right arm. 

6. a VF represents the difference in electrical potential between the left leg and 
the average of the potentials of the right and left arms. 

Axis Determination 

A perpendicular line can be drawn through the center of any lead axis separating 
the area into positive and negative fields. Any mean vector traveling toward the posi­
tive field will register as a positive deflection in. that lead. Any mean vector traveling 
toward the negative field will register as a negative deflection in. that lead. And lastly, 
any mean vector traveling toward the perpendicular line drawn through the lead 
axis will register as an equally positive and negative deflection. 
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By assessing the sum of the positive and negative forces in each of the frontal plane 
standard leads, it is possible to track the direction of the mean vector or wave 
axis. 

The P wave axis is indicative of the average direction of the atrial depolari­
zation wave. 

The QRS axis is indicative of the average direction of the ventricular depolarization 
wave. 

The T wave axis is indicative of the average direction of the ventricular repolariza­
tion wave. 

There are many ways to calculate wave axes. One method that is clinically fast and 
easy to use is the refined quadrant method. In this technique, leads I and a VF are 
assessed, determining the quadrant the wave axis is directed toward- left upper (0° 
to -90°) or lower (0° to +90°), right upper (-90° to ± 180°) or lower ( +90° to 
±180°). For example; If in lead I the wave is upright, the mean vector must be direc­
ted toward lead I between ±90°. 

-90° 

± 1eo· 

Lead I A 
+eo· 

Figure 78a. ThP. Quadrant Method; Assessing Lead I 

If in lead a VF the wave is upright, the mean vector must be directed toward a VF 
between 0° and ±180°. 

-90° 

b. Lead aVF 1 
+ 90' 

figure 78b. The Quadrant Method; AssP.ssing Lead a VF 
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Where the two areas overlap it becomes evident that the mean vector is directed 
between 0° and +90°. Alas, though quick and useful this method will only help 
in quadrant determination. 

Lead I +aVF 1 
+ 90° 

Figure 78c. The Quadrant Mel hod; Assessing Leads I and ,!VF Toge1her 

The most precise method used to calculate the mean wave axis is to plot it on the 
hexaxial reference system. The first step in this process is to assess the net deflection 
of the wave in leads I and a VF. This is done by calculating the difference between the 
wave' s negative and positive forces. 

Net Deflection 

.__ >---J_ ,._ 

I I\ 
I ' ECG Paper 

\ J 
I \ I 
~ \ I 

' 
a. I b. AVF 

Figure ?'la. Cal cu la le lhe Net Deflection of the Wave in Leads I and a VF 

Example: In lead I the positive wave is 
negative wave is 

The difference/net deflection 

+ 6 mm in height 
-2mm 

+4mm 

In lead a VF the positive wave is + 2 mm in height 
negative wave is - 5 mm · 

The difference/net deflection - 3 mm 
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The next step is to plot the net deflection on the appropriate end of the lead axis. Use 
a millimeter ruler to divide the lead axis equally and accurately. Each division may 
equal 1 or 2 mm, depending upon the size of the net deflection. 

-150° 
AVR 

-AVL 
+ 150° 

-120° 
-II 

Ill 
+ 120° 

-90° 
-AVF 

+ 90' 
AVF 

-60° 
-Ill 

II 
+60° 

-30° 

AVL 

-AVR 
+30° 

Figure 79b. Make Precise nivisiuns Along Lec1d I and aVF's Lead Axis on the Hexaxial Refer­
ence System 

Next plot the net deflection in the appropriate end, positive or negative, of the lead 
axis. Lead I net deflection is +4mm; lead aVF net deflection is -3mm. 

-150° 
AVR 

-AVL 
+ 150° 

Ill 
+ 120· 

-90° 
-AVF 

+90° 
AVF 

-60° 
-111 

II 
+ so· 

-30° 

AVL 

-AVR 
+ 30° 

Figure 79c. Plot the Net Deflection on the Apr,ropri<Jte End of Lead I and aVF's Lead Axis 
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Now drop a perpendicular line from each of these two points ( +4 mm. on lead I axis 
and -3mm. on lead aVF axis) using a straight edge, extending the lines until 
the two meet 

-150° 
AVR 

--AVL 
+ 150' 

-120° 
-11 

Ill 
+ 120· 

-90' 
-AVF 

+90° 
AVF 

-so· 
-111 

II 
+60° 

-30" 

-AVR 
+ 30° 

Figure 79d. Drop a Perpendicular Line from the Two Plotted Points off the Lead Axis Until 
They Cross 

The final step is to draw another line from the center of the hexaxial reference system 
to the intersection of the two perpendicular lines. 

-150" 
AVR 

-AVL 
+ 150° 

-120' 
-II 

Ill 
+ 120· 

-90' 
-AVF 

+90" 
AVF 

-60" 
-Ill 

II 
+60' 

Figure 79e. Draw a Line from the Center of the Hexaxial Reference System to the Intersecting 
Point 
This is the mean wave axis. Figure 79e illustrates a -35° wave axis. 
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Another method, clinically fast uses an isoelectric wave in any of the frontal plane 
leads and leads I or a VF. As previouly stated, any wave which is equally positive and 
negative results from a mean vector traveling toward the perpendicular line drawn 
through that lead's axis. If such a wave is present one only has to determine which 
end of the perpendicular the vector is directed toward utilizing leads I or a VF. Lead I 
can be used if the isoelectric wave appears in leads II or III and lead a VF for the 
isoelectric wave in leads a VR or a VL As illustrated in Figure 77, the perpendicular 
lines of leads II and III pass closely to lead I's lead axis while the perpendicular 
lines of leads aVR and aVL pass closely to lead aVF's lead axis. 

Example: If i~ lead a VR the wave is isoelectric (net deflection is O) the mean vector 
must be directed toward +120° or -60°. 

a. Lead aVR 

Figure 8Oa. Assessment of an lsoclectric Wave in aVR 

To determine which direction, examine lead a VF. If in lead a VF the wave is predomi­
nantly positive, the vector is pointing toward +120°. If the wave in a VF is predomi­
nantly negative, the vector is directed toward -60°. 

b. LeadaVF 1 
aVF 

+90° 

Figure 80b. If the Wave is Positive in Lead a VF the Axis is Directed Toward + 120° 



c. Lead a VF y 
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+90° 
aVF 

Figure 80c. If the Wave is Negative in lead a VF the Axis is Directed Toward- 60° 

Determine the P, QRS, and T axes of the following ECGs: 

ECG 8.1. 

ECG 8.2. 



174 8 The Twelve Lead ECG 

ECG8.3 

The normal P wave axis is between 0° to +90°. Normally the P wave is directed 
inferiorly to the left from the SA node to the AV node. 

-90° 

low or 
left ventricular 

atrial or 
coronary sinus 

± 180° 
Atrial 

oo 
Inversion 

or Normal 
incorrect arm 

lead 

+90° 

Figure 81, The Normal P Wave Axis with Alterations 

AP wave axis of 0° to -90° indicates an ectopic impulse generated from a site low 
in the right atrium. The site may be coronary sinus, junctional or ventricular with ret­
rograde conduction through the bundle of His and AV node. (See Rhythm Strip 
8.4a) 

A P wave axis of +90° to ±180° indicates a high left atrial pacemaker. This is seen 
with atrial inversion or if the right and left arm leads are reversed. (See Rhythm 
Strip 8.4b) 
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AP Wave axis of --90° to - 180° indicates an impulse originating from a site low in 
the left atrium.1 

ECG 8.4a. P Wave Axis is - 30° lndicating a Junctional Rhythm 

ECG 8.4b. P Wave Axis is a + 120° Indicating Wrong Arm Electrode Placement 
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The Normal QRS axis will vary according to age. 

TABLE VIll.1 Age-Specific QRS Axis (Frontal Plane) 

Mean QRS Axis 
Age (Degrees) Range 

0-24 hours 135 60-180 
1-7 days 125 80-160 
8-30 days 11 0 60-160 
1-3 months 80 40-120 
3-6 months 65 20-80 
6-12 months 65 0-100 
1-3 years 55 20-100 
3-5 years 60 40-80 
5-8 65 40-100 
8-12 years 65 20-80 
12-16 years 65 20-80 

Reproduced with permission from Johns Hopkins Hospital: The Harriet Lane Handbook, 9th edition, edited by Jef­
frey A. Biller and Andrew M. Yeager. © 19Bl by Year Book Medical Publishers, Inc., Chicago. 

As noted, wide variations exist from age to age, but also in children in the same age 
group. Normally, one could expect an older child to have a QRS axis between 0° to 
+90°. A QRS axis between +90° to +180° is referred to as right axis deviation and 
indicates right ventricular hypertrophy. In the newborn right axis deviation is nor­
mal This is due to right ventricular prominence, a product of normal increased 
pulmonary vascular resistance that existed in utero. Premature infants (less than 35 
weeks gestation) normally demonstrate right axis deviation to a lesser degree. Right 
ventricular hypertrophy is difficult to identify in this age group unless the axis far 
exceeds the upper limits of normal. This normal right ventricular prominence 
typically disappears by the age of two years. 

ECG 8.5a. Normal Right Axis DPviation in ii Newborn, QRS Axis b I 1 ao0 
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11 111 

-......A.,,.1-..11.,~ ~-,./'--"-_,.r"-_,. 

R L f 

ECG 8.5h. Ahnonnal ~ight Axis Deviation in a Seven-Month-Old, QRS Axis is I 150" 

A QRS axis between -30° to -120° is referred to as a superior axis. Identification 
of a superior axis may not indicate left ventricular hypertrophy but may indicate a 
left anterior fasicular block, as seen in children with an endocardial cushion defect 
For reasons which are unclear, a superior axis may be associated with tricuspid 
atresia It is also seen in children with single ventricle and myocarditis. 
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The T wave axis normally approximates the QRS axis. A wide QRS-T angle is pres­
ent when more than a 60° difference exists between the two. A wide QRS-T angle 
may be due to abnormal ventricular depolarization as seen with a premature ven­
tricular contraction, or it may be due to a primary repolarization abnormality as seen 
with myocardial disease. 

r 

ECG 8.6. Wide QKS-T Angle 

Ventricular Hypertrophy Patterns 

Ventricular hypertrophy patterns are determined by assessment of the QRS 
amplitude and configuration in the precordial leads. These unipolar leads, V3r 
through V6, record the cardiac vector along the horizontal plane. Each lead records 
the electrical events of the entire cardiac cycle from that lead site. Because of the close 
proximity of these chest leads to specific areas of the heart, that is, of V3r, V1-V2 to the 
right ventricle; of V5-V6 to the left ventricle; and of Vr V4 to the transitional area; the 
overlying lead will magnify somewhat the electrical potentials from these under­
lying areas. Many times it is impossible to include all seven leads across an infant's 
chest so V3 is eliminated. The extra chest lead on the right side of the chest, V3r, is 
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added in pediatrics due to the normal right ventricular prominence seen in the new­
born infant and abnormal right ventricular prominence seen in some congenital 
heart disease states. 

Figure 82. Cardiac Position on the Horizontal Plane 

The right ventricular forces are demonstrated by positive R waves in the right 
chest leads and negative S waves in the left chest leads. The left ventricular forces are 
demonstrated by positive R waves in the left chest leads and negative S waves in the 
right chest leads. (Remember, when the mean vector travels toward the electrode, 
the waveform is positive. When it travels away from the electrode, the 
waveform is negative.) 

Ventricular size is determined by the amount of work the ventricle does in relation 
to the volume and the resistance against which the ventricle pumps. Hypertrophied 
muscle produces increased voltage on the ECG, possibly related to the altered pro­
jection of the electrical forces as they pass through the enlarged muscle mass.2 Tall 
R waves are present in the lead overlying the surface of the hypertrophied ventricle. 
Also, a slight increase in the QRS duration may reflect the increased muscle mass. ST 
segment depression and T wave inversion may also be present, indicating endocar­
dial ischemia and alterations in ventricular repolarization. 

In the lead opposite the affected ventricle, a deep S wave will be reflected along 
with an elevated ST segment and upright T wave. Generally determination of the 
size of the R and S waves reflects the r.elative size of the two ventricles in relation to 
one another. 
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Right Ventricular Hypertrophy 

V1 tl·I '1 1 I VB 
;. J; 

t I 

I ,:-

ECG 8.7. Right Ventricular Hypertrophy in a Three-Year-Old, Note the QRS Axis is+ 150°, qR 
Piltlern in v1, Deep S Wave in V 6, the R' in aVR is Crealer than Smm 

Right ventricular hypertrophy (RVH) can then be identified by: 

1. Right axis deviation which is age dependent 

2. Prominent right ventricular forces. V1-V2 may consist of: 

a R-S greate_r than 15 mm 
b. absent S wave or very short 5 wave 
c. rsR' pattern with R' over 5 mm 
d. qR pattern 
e. upright T wave after four days of age; 

3. Deep S wave in V6 over 4 mm; 

4. R' in aVR over 5 mm. 
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Normally the ventricular activation wave from the right chest leads should resem­
ble an RSr' or rSr'. T waves are always positive on the left precordial leads after age 
three days and always negative in the right precordial leads after age seven 
days.3 

Examination of the ventricular depolarization wave in the right chest leads can 
point to the possible etiology involved. 

Example: Tall R waves in the right chest leads result from systolic pressure 
overloading of the right ventricle. This configuration can be seen in pulmonary 
stenosis. 

R r' 

~r 

s 
r r' 

-t-,Sr' 
s 

a. NORMAL 

R 

>15mm 

q qR 

b. SYSTOLIC 
PRESSURE 
OVERLOADING 

rSR'/rsR' 

s 
c. DIASTOLIC 

VOLUME 
OVERLOADING 

Figure 83 (a) The Normal Right Ventricular Activation Waves in V, (b) Right Ventricular Hyper­
trophy Pattern in V, Due to Systolic Pressure Overloading (c) Right Ventricular Hypertrophy in 
Y, Due to Diastolic Volume Overloading 

The rSR' pattern in the right chest leads results from diastolic overloading of the ' 
right ventricle. This configuration can be seen in a child with an atrial septal 
defect 

RVH is very difficult to determine in the newborn and young infant This is again 
due to the normal right ventricular prominence seen in this age group; the wide dif­
ferences seen in very short periods of time in the same infant; and the wide differ­
ences seen between infants. RVH is most probable in the newborn if: 

1. The QRS axis is greater than upper limits of normaL 

2. q wave in V1 is present or the R wave is greater than 20 mm. 
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3. S wave in V6 greater than 10 mm. 

4. Upright T wave in V1 after four days. 

While RVH is difficult to detect in this age group, absence of the normal right ven­
tricular prominence is clinically significant and can aid in the medical diagnosis of 
congenital heart lesions like tricuspid atresia and endocardial cushion defects. 

V, V, , V,R_ 

-._.......,.r---,,,,.._.,.,.....,,,---1 
~~~~~~- ~~~-~~ 

v, . V, v, 

ECG 8.8a. Right Ventricular Hypertrophy Due to Systolic Pressure Overloading 
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':;: 

L 

:t:: 
II r 

tl I• 
II 

ECG 8.8b. Right VentricuLH I lypertrnphy Due to IJiastolic Volume Overloading 

ff. 



184 8 The T we Ive Lead ECG 

ECG 8.Bc. Right Ventricular Hyriertrophy in a Nf'wborn 
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Left Ventricular Hypertrophy 
Left ventricular hypertrophy (LVH) can be identified by: 

1. Very tall R waves (20 mm.) and Q and T wave changes in the left 
precordial leads. 

2. Decreased R waves and increased S waves (20 mm.) in the right 
precordial leads. 

Examination of the ventricular depolarization wave in the left precordial leads can 
give information about the possible etiology involved. 

Example: Increase in systolic pressure in the left ventricle produces small Q waves, 
depressed ST segments, and flat or inverted T waves in the left precordial leads. This 
is seen in problem states like aortic stenosis. 

R 

qRs 

s 

a. NORMAL 

R 

qRS 

Q 

b. SYSTOLIC 
PRESSURE 
OVERLOADING 

R 

a s 

>20mm 
T 

c. DIASTOLIC 
VOLUME 
OVERLOADING 

Figure 84 (a) Normal Left Ventricular Activation W aves in V • (b) Left Vent ricular Hypertrophy 
Pattern in v. due to Systolic Pre.~sure Overloading (c) Left Ventricular Hypertrophy Pattern in V, 
Due to Diastolic Volume Overloading 

Increases in diastolic volume or flow to the left ventricle produce deep Q waves, tall 
R waves, and pronounced T waves in the left precordial leads, as seen in problem 
states like mitral insufficiency and aortic insufficiency. 
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v, 
I 

V, V, R 

ECG 8.9a. Left Ventricul.H Hypertrophy Duf' lo Systolic Pressure Overloading 

ECG 8.9b. Left Ventricular Hypertrophy Due to Diastolic Volume Overloading 
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Biventricular Hypertrophy 
Biventricular hypertrophy (BVH) is detected by assessment of the transitional 

precordial leads, V 3 and V 4• Biventricular hypertrophy is probable if the height of the 
R and S waves, in V 3 and V 41 totals more than 45 mm. In the right precordial leads, 
large R and S waves are typical and in the left precordial leads, deep S and fairly tall 
R waves are also noted. Note in Rhythm Strip 8.10 the leads marked one-half stan­
dard are one-half their actual size. The actual vertical measurements must be 
doubled to obtain the true height of the waveform. 
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ECG 8.10. Biventricular Hypertrophy, Note that Vi, V,, and V, are One-Half Standard 
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Location of the Ventricles 

An anatomical difference exists between the right and left ventricles. If ventricular 
inversion is present, such as sometimes occurs with corrected transposition of the 
great arteries, characteristic changes in the precordial leads exist Normally the ven­
tricular septum depolarizes from left to right causing the initial Q wave in V 6• If this is 
not present in V6, but present in V3r/V1, inversion is a possibility. Also, normally 
there is RSr' ventricular activation pattern in the right pre cordial Leads. If this pattern 
is present on the le.ft,. inversion of the ventricles is probable. 

If the Q wave is completely absent, the interventricular septum may not be pres­
ent, that is, single ventricle. 

Q wave assessment is also important in the infant with anomalous origin of the left 
coronary artery. In these infants, the resultant ECG pattern shows a characteristic 
qR pattern in leads a VI.., L and V5- 6• 
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ECG 8, 12, Single Ventricle 
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Intraventricular Conduction Blocks 

Intraventricular conduction blocks (IVCBs), an electrocardiographic term, refers 
to an impairment of conduction in the region distal to the bundle of His. lVCBs may 
involve the right bundle branch (RBB), left bundle branch (LBB), left anterior 
fasicular branch (LAFB), or the left posterior fasicular branch (LPFB), alone or 
in combination. 

Intraventricular conduction blocks are seen in various pediatric settings. The 
structural changes of congenital heart diseases may cause disruption of the con­
tinuity in the conduction system. Post-operative cardiac surgery patients may exhibit 
temporary or permanent intraventricular conduction blocks. In the child without 
structural defects, intraventricular conduction blocks may occur with prematurely 
conducted impulses. Inflammatory myocardial disease such as occurs with myocar­
ditis may also cause intraventricular conduction blocks. 

Right Bundle Branch Block (RBBB) 

Right bundle branch block is the most frequently seen IVCB in pediatrics. It is 
associated with congenital heart disease involving the atrial or ventricular septum, 
and also is frequently seen after a right ventriculotorny and in Ebstein's malfor­
mation.4 ln RBBB, the left bundle assumes responsibility for biventricular activation. 
The left bundle branch activates the interventricular septum normally from left to 
right, then activates the left ventricle. The impulse then travels back through the 
interventricular septum and depolarizes the right ventricle. 

The ECG criteria of RBBB are assessed using leads V1 and V6 : 

V1 - The initial r wave indicating septa! depolarization is still present This is 
followed by a steep S wave indicative of left ventricular depolarization. A 
talL wide R wave reflective of delayed right ventricular activation follows. 
Recall that normally right and left activation occur simultaneously. 
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Figure 85a. Right Bundle Branch Block pattern in V1 
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figure 85b. Right Bundle Branch Block P.ittern in V0 

qRS 

V6 - The initial q wave and the following R wave remain unchanged but the S 
wave is deep and wider than normal. 
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ECG 8.13. Right Bundle Branch Block 
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Notice that the QRS duration is greater than the child's norma~ (0.08 second in the 
neonate, and 0.11 second in the older child.) 

Left Bundle Branch Block (LBBB) 

Left bundle branch block is seen infrequently in the pediatric patient unless 
myocardial disease is present, for example, myocarditis. In LBBB, the right bundle 
branch assumes responsibility for biventricular activation. The right bundle branch 
activates the interventricular septum from right to left and then proceeds to activate 
the right ventricle. When right ventricular depolarization is complete, activation 
travels back through the interventricular septum to depolarize the left ventricle. 
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The ECG criteria of LBBB are assessed using leads V1 and V6: 

V6 - Septal depolarization from right to left would cause loss of the normal nega­
tive q wave. In its place is a small positive r wave. Right ventricular 
depolarization is seen in V6 as a small negative deflection followed 
immediately by a large wide R' indicating left ventricular depolarization. An 
inverted T wave may also be seen. 

R' 

: s : 
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rsR' s 

>NORMAL 

Figure 86 (a) left tlundle Branch flloc;k l'attern in v. (bl left Bundle Branch l::llock Pattern in V, 

V1 - Here there is a loss of the normal r wave which is replaced by a small q wave. 
This is followed by a small r and deep wide S wave and an upright T wave. 

Note the increased QRS duration. 
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ECG 8.14. Left 13undlc 13ranch Block in a Child with Myocarditi5 
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Left Anterior Fasciyular Block (LAFB) 

Left anterior fascicular block (LAFB) is seen in children with endocardial cushion 
defects and tricuspid atresia. When the left anterior fascicle of the conduction system 
is blocked, the left posterior fascicle then activates the entire left ventricle. The ECG 
criteria include a superior axis with a small r and deep S waves in leads IL IIL and 
a VF, and a small q and tall R waves in leads I and a VL 

T !' I jl lj 

ECG 8.15. Left Anterior Fascicular Block 

Left Posterior Fascicular Block (LPFB) 

Left posterior fascicular block (LPFB) is infrequent in children. In this block, the 
left anterior fascicle activates the entire left ventricle. The ECG criteria include_ a right 
axis deviation with an rS configuration in leads I and a VL. and a qR configuration in 
leads IL IIL and a VF. 
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ECG 8.16. Prt1c:lice # 1, Six-Week-Old, Admi1ting D it1gnosis: Ne a r SIDS (Sudden Infant De a th 
Syndrome ) 

Review the above ECG tracing. 

1. Rhythm? _ _ ____________ ___ _____ _ 

2. Rates: atrial; ventricular; relationship? ___ ____________ _ 

3. Durations: P wave; Q RS complex? _ _____ ________ __ _ 

4. Intervals: PR; QTc? _______ ____ __________ _ 

5. Calculate the axis: P wave; QRS; T wave? ___ ____ ____ __ _ 

6. Describe: P wave; QRS complex; ST segment; T wave; u wave. ____ _ 

7. Impression? __________________________ _ _ 
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ECG 8.17. Practice #2, Thret:-Month-Old, ECG Obtainf!d 48 Hours Post Cardiopulmonary 
Arrest at Home 

Review the above ECG tracing. 

1. Rhythm? ________ _ ___________ ___ _ 

2. Rates: atrial; ventricular; relationship? _____________ _ 

3. Durations: P wave; QRS complex? ___________ ___ _ 

4. Intervals: PR; QTc? _____ ___ ___________ _ 

5. Calculate the axis: P wave; QRS; T wave? ______ ___ __ _ 

6. Describe: P wave; QRS complex; ST segment; T wave; u wave. ____ _ 

7. Impression? _ ____________________ _ _ 
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ECG 8.18. Practice #3, Nine-Year-Old, History ofThird Degree Heart Block Post Endocardial 
Cushion Defect Repair 

Review the above ECG tracing. 
1. Rhythm? ______________________ _ 

2. Rates: atria~ ventricular; relationship? __________ ____ _ 

3. Durations: P wave; QRS complex? _ ______________ _ 

4. Intervals: PR; QTc? _____________________ _ 

5. Calculate the axis: P wave; QRS; T wave? ____________ _ 

6. Describe: P wave; QRS complex; ST segment; T wave; u wave. ____ _ 

7. Impression? ________ ______ __________ _ 
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ECG 8.19. Practice #4, Three c1nd One-Half-Year-Old, History of Corrected Transposition, 
Post O perc1tive Tricuspid Valve Replacement, On Digoxin 

Review the above ECG tracing. 

1. Rhythm? _ _ _ _ ______________ _ 

2. Rates: atrial; ventricular; relationship? _____ _ _ ___ _ 

3. Durations: P wave; QRS complex? ___________ _ 

4. Intervals: PR; QTc? _ _ _ _ _ _ _ _ _ _ _____ _ 

5. Calculate the axis: P wave; QRS; T wave? ________ _ _ 

6. Describe: P wave; QRS complex; ST segment; T wave; u wave. ___ _ 

7. Impression? ___________ _______ _ 
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ECG 8.20. Practice #S, Five ,mcJ One-Half-Yc,ir-O lcl Child with Tctr,ilogy of fill lot 

Review the above ECG tracing. 
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1. Rhythm? _______ ___ _______ ___ ____ _ 

2. Rates: atrial; ventricular; relationship? _ _ ______ ___ ____ _ 

3. Durations: P wave; QRS complex? _ _______________ _ 

4. Intervals: PR; QTc? ___________ ___ ________ _ 

5. Calculate the axis: P wave; QRS; T wave? _ ____________ _ 

6. Describe: P wave; QRS complex; ST segment; T wave; u wave. _ ___ _ 

7. Impression? ----------- ---- ---- ---------

REFERENCES 
IA Garson, PC Gillette, and DG McNamara: A Guide to Cardiac Dysrhythmias in Children. (New York: 

Grune & Stratton, 1980), p 13. 
2MJ Goldman: Principles of Clinical Electrocardiography. 11th ed. (Los Altos: Lange Medical Publica­

tions, 1982), p 89. 
3JH Moll~r and WA Neal: Heart Disease in Infancy. (New York: Appleton-Century-Crofts, 1981), p 44. 
4Jbid., p 49. 
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APPENDIX I 

Cardiac Monitoring Procedure 

Purpose: To monitor cardiac rate, rhythm, and pattern. 

Equipment: Cardiac Monitor 
Patient Cable 
3-lead wire, may be colored coded: + black 

white 
ground green 

Appropriate size electrodes, 3 sizes available: adult, pediatric, premie. 
Alcohol prep pad and gauze pad 

Procedure: 

Patient and parent teaching concerning 
monitor use and alarms will be accom­
plished before ( or as soon as possible 
after) implementation. 

1. Attach appropriate size electrodes 
to lead wires; lead wires to patient 
cable; patient cable to monitor. Plug 
monitor into nearest grounded re­
ceptacle. 

2. Turn power on and turn alarms off. 

3. Skin preparation: wipe skin with 
alcohol prep pad and dry with gauze 
pad. 

4. Attach chest electrodes to prepared 
areas. Press firmly on adhesive por­
tion of electrode. 

5. Arrange lead wires and cable to 
avoid tension. Position away from 
high movement areas. 

6. Center waveform on screen. 

Points of Emphasis: 

Knowledge decreases anxiety and fears 
and promotes trust and cooperation. 

Electrode size used should be adequate 
to pick up waveforms but also allow 
for aueculation of cardiac and breath 
sounds. 

See No. 8 

Lead II used in pediatrics. (Figure 35) 

Black - + placed on 4th intercostal 
space on left anterior axillary line 

White - - placed on 2nd intercostal 
space on right mid-clavicular line 

Green - ground placed on right side of 
chest. 

Areas should be clean and dry. Gauze 
pad used for its abrasive quality. If pa­
tient is diaphoretic, an antiperspirant 
may be used. 

Infant's blankets can be utilized to posi­
tion wires and cable behind the infant 



7. Adjust sensitivity to obtain one au­
dio beat to each R wave. 

8. Set alarm limits appropriately for 
age. Turn alarms on. 

9. Adjust audio for rate meter and 
alarm. 

Special Instructions: 
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If T waves are elevated, monitor will 
count 2 beats for each cardiac cycle­
adjust sensitivity or change electrode 
placement slightly if problem persists. 

Approximately 30 above and below nor­
mals for age. 

1. Apical rates are to be taken when obtaining vital signs. 

2. The c~rdiac monitor screen is not acceptable for diagnosis of cardiac dysrhyth­
mias. You will need to document by way of a standardized rhythm strip or ECG, 
po~ted in the patient's record. 

3. Skin checks should be done frequently for signs of skin irritation due to the elec­
trodes. Electrodes should be changed every twenty-four hours and prn o n 
patients requiring long-term monitoring. 

4. Alarms are never turned off. 

APPENDIX II 

Electrocardiogram Procedure 

Purpose: To provide a graphic tracing of the electrical forces produced by 
the heart. 

Equipment: ECG machine with paper; 
Patient cable with four Limb and one chest lead wires; 
Four limb electrodes with straps (pediatric or adult size); 
Suction cup for chest electrode (pediatric or adult size); 
Electrode conduction medium-Alcohol prep pad 

Electrode paste 

Procedure: Points of Emphasis: 

Patient and parent teaching considering 
the EKG will be accomplished prior to 
implementation. 

1. Place patient in a comfortable posi­
tion 

Knowledge decreases anxiety and fears 
and promotes trust and cooperation. 

Position so that the patient is not touch­
ing any metal part of the bed. 

Large child: supine with pillow to sup­
port head. 

Infant: hold or feed to minimize artifacts 
due to movement. 
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2. Limb electrode application: 

A Expose arms and legs 

B. Connect electrode straps to elec­
trodes 

C. Apply electrode conduction me­
dium evenly over electrode sur­
face or use an alcohol wipe. 

D. Place electrode on a smooth 
fleshy area of both upper arms 
and legs and secure straps 
around each extremity. 

E. Attach limb lead cable wires to 
appropriate electrides: 
(1) White for right arm 
(2) Black for left arm 
(3) Green for left leg 
( 4) Red for right leg 
(5) Brown for chest lead. 

3. Chest electrode application: 

A. Expose chest 

B. Connect chest electrode to pa­
tient cable. 

C. Electrode positions of precordia1 
leads: 

V 1-4th intercostal space at the 
right sternal border. 

V2-4th intercostal space at the 
left sternal border. 

V3-Halfway between V2 and V4 

V4-5th intercostal space at the 
mid-clavicular line. 

V5-Anterior axillary line di­
rectly lateral to V4• 

V6- Mid axillary line lateral to 
Vs, 

V3r-Halfway between V1 and 
an imaginary V 4r. 

D. Apply electrode paste to appro­
priate chest location just before 
each movement of the suction 
cup. 

Position so that electrode will not press 
against the bed when the patient is in a 
relaxed position. 

A void making electrode straps too tight 

Lead wires should conform to body con­
tour. A void looping any excess length of 
lead wires. 

Do not reverse limb leads; this will re­
verse tracing. 

Wrap infant in blanket with chest ex­
posed and wait until infant calms before 
starting. 

Use small suction cup electrode on in­
fant. 

V3 may be omitted in small infant. 

V3r used in pediatrics to obtain an extra 
view of the heart from the right chest. 

Infant movement may cause the elec­
trode paste to spread over entire chest 
wall. This will create a common chest 
electrode and only one waveform con­
figuration. 
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Figure 87. LPft Bundle Branch Block Pa1tern in V 6 

4. Technique for obtaining ECG trac­
ing should include the following: 

A Start with the limb lead&-end 
with the chest leads. 

B. At least 3 straight cardiac com­
plexes should appear in each 
lead. 

C. Mark each Lead using the appro­
priate code or write in each with 
pen. 
Lead 1 
Lead 2 
Lead 3 
aVR 

Markings will appear on the very top of 
the ECG paper. 
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aVL 
aVF ------- -- -- - -
V1 
V2 
V3 
V4 
Vs 
v6 
V3r ------- ------- ------- -- - - --

D. Standardization should appear 
prior to each lead between the 
T wave of one complex and the 
P wave of the next. 

E. Increase or decrease standardi­
zation as necessary: 

If complexes are too large, and 
off the paper, go to 1/2 standard; 

If complexes are too small to be 
read, go to 2X standard. 

F. Each tracing should be marked 
with name, date, and time. 

G. When end of ECG paper is ob­
served, change paper as soon as 
possible. 

Special Instructions: 

When 1 mv. is thrown into the circuit, the 
baseline should deflect 2 large boxes. 

2-lmv. will deflect the stylus 4 large 
boxes. 

1/2-lmv. will deflect the stylus 1 large 
box. 

1/4-lmv. will deflect the stylus 1/z large 
box. 

Allows for proper identification of serial 
ECGs. 

Timing can be affected because of slower 
paper movemenl 

Clips placed on the five lead wires may be used when obtaining a twelve lead 
ECG in the neonate or premature infant These clips can then be attached to 
commercially available electrodes. This modification helps to avoid the skin 
trauma from the suction cup and also avoids use of the too large pediatric limb 
electrodes and straps. 

APPENDIX Ill 

Defibrillation Procedure 

Purpose: To abolish fatal dysrhythmias effectively, rapidly, and safety. 

Equipment: Defibrillator/Monitor/Recorder 
Conductive Medium (electrode paste or moist saline pads). 

Procedure: 

1. Assess patient for presence of ven­
tricular fibrillation. 

Points of Emphasis: 

Several situations may simulate ventric­
ular fibrillation- loose lead, loose lead 
wire, excessive artifact. 



2. Obtain graphic recording of dys­
rhythmia if possible via central 
monitoring or ECG writeout. 

3. Prepare paddles-unclip paddles 
and apply an ample amount of 
electrode paste to metal disc of 
each paddle. 

4. Select energy-2 joules/kg. 

5. Position of paddles- place one 
paddle below the right clavicle 
near the sternum The second pad­
dle is placed on the lower left chest, 
just below and lateral to the cardiac 
apex ( check paddle markings). 

6. Check the following: 

A Electric bed is disconnected; 

B. All personnel are off the bed 
and away from equipment 
attached to the patient; 

C. Oxygen is off; 

D. Temporary pacemaker is dis­
connected. 

7. Charge machine to pre-set en­
ergy levels. 

8. Push down firmly on paddles and 
rub slightly to make good skin con­
tact 

9. Discharge-press and hold dis­
charge buttons on both paddle han­
dles until the defibrillator fires. 

10. Assess cardiac rhythm: 

A If ventricular fibrillation is pres­
ent. repeat steps 4-10, may in­
crease to 4 joules/ kg; 
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Adult and pediatric sizes are available. 
Size used will accommodate the child's 
chest; paddles will not come in contact 
with each other. 

Paddle preparation is necessary to pre­
vent skin burns and to enhance the ef­
fectiveness of defibrillation. 

Less if the child is on digoxin. 

Avoid placing paddles over bony areas 
or dressings. 

Paddles should not touch each other, 
monitor electrodes, or cables. 

Check that there is no electrode paste or 
saline on the skin between the paddles. 
This will prevent arcing of the electrical 
current over the chest. · 

If the child is intubated, remove resusi­
tation bag from endotube. 

Check delivered energy meter for indi­
cation of selected energy. 

If able, check amount of energy deliv­
ered 

If ventricular fibrillation continues after 
two attempts sodium bicarbonate may be 
given to correct acidosis; 
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B. If asystole is present, begin 
CPR; 

C. If non~threatening rhythm is 
present obtain vital signs. 

11. When it has been established that 
there is no further need for the d~ 
fibrillator, return cleaned equip­
ment to proper storage area. 

12. Document the following: 

A time of defibrillation 
B. number of times defibrillated 
C amount of energy used each 

time 
D. appropriate rhythm strips 
E. identification number of the 

defibrillator. 

Epinephrine may be given to convert a 
low voltage VF to a coarser form which is 
easier to defibrillate. 

Failure to adequately clean the paddles 
after use could present a shock hazard to 
the operator. 

APPENDIX IV 

Answers to Self Tests and Worksheets 

Chapter One: 

Self Test I: The Conduction System 

I. 5, 3, 2, 1, 4 

II. 1. Conductivity 2. Automaticity 3. 60-190 4. 45-120 5. less than 70 

III. 1. SA node 2. internodal tracts 3. interatrial tract 4. AV node 
5. AV junction 6. bundle of His 7. right bundle branch 
8. left anterior fascicle 9. left posterior fascicle 10. Purkinje fibers 

Self Test II: Excitability of Cardiac Cells 

I. 2, 3, 5, 4, 7, 1, 6 

IL same as Figure 23a 

Self Test 111: Nervous System Influence 

I. 1-A; 2-A/B; 3-B; 4-A; 5-B 

II. 1-a, e; 2-a,. c, e, g; 3--b, d, f, h; 4-a,. c, e, g; 5-b, f 
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Self Test IV: Dysrhythmia Formation 

I. A-normaL B-decreased, C-increased 

II. B--vagal stimulation, negative inotropic medications, decreased temperature 
C-positive beta stimulation, sympathomimetic drugs, hypoxia, hypercapnia, 

muscle dilation or injury and increased temperature. 

III. 1-decrease, 2-increase, 3-increase, 4-decrease, 5-decrease/block 

Self Test V: Vectors/Monitoring 

I. b 

IJ. C 

III. Figure 41: MCL1, biphasic or negative 
Figure 42: Lead IL all positive 

Self Test VI: The Normal ECG Complex 

I. 1-P wave; 2-PR segment; 3-PR intervat 4-q wave; 5-R wave; 6-s wave; 
7-QRS complex; 8-ST segment; 9-T wave; 10-QT interva~ 11-u wave 

IL a. QRS complex, ventricular depolarization; b. QT intervaL total electrical 
systole of the ventricles; c. pr interval impulse origination, depolarization 
of the atria and transit through the junctional tissue; d. pr segment, transit 
through the junctional tissue. 

Chapter Two: 

Self Test VII: Normal Sinus Rhythm 

I. 1. fairly regular rhythm; 2. normal heart rate for the child's age; 
3. consistent normal P waves; 4. one P wave for every QRS complex; 
5. normal and constant PR intervals for the child's age and heart rate; 
6. normal QRS duration for age. 

IL 1. 4-week-old: 
a regular; b. 150, within normal limits; c. normal and all alike; 
d. 1:1 ratio; e. 0.10 second, yes; f. 0.04 second; g. yes. 

2. 16-year-old: 
a. regular; b. 75, within normal limits; c. normal and all the same; 
d. 1:1 ratio; e. 0.14 second, yes; f. 0.06 second; g. yes. 

3. 2½-year-old: 
a. fairly regular; b. 100, within normal limits; c. normal and all the same; 
d. 1:1 ratio; e. 0.12 second, yes; f. 0.04 second; g. yes. 
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4. 7-year-old: 
a. regular; b. 65, low for age; c. normal and all alike; d. 1:1 ratio; 
e. 0.12 second, yes; f. 0.04 second; g. no, too slow for age. 

5. 13-year-old: 
a. regular; 
d. 1:1 ratio; 

b. 75, within normal limits; c. normal and all alike; 
e. 0.12 second, yes; f. 0.04 second; g. yes. 

Dysrhythmia Worksheet # 1 

1. yes; regular. 2. 170; no; too fast. 3. yes; yes. 4. yes. 
5. 0.10 second; yes; yes. 6. 0.04 second; yes. 
7. a. regular; b. 170, too fast; c. yes, yes; d. 1:1 ratio; 
e. 0.10 second, yes, yes; f. 0.04 second, yes. 
8. sinus tachycardia, sinus node. 

Dysrhythmia Worksheet #2 

1. irregular. 2. 120; fast. 3. yes. 4. 1:1 ratio. 5. 0.12 second; yes; yes. 
6. 0.06 second; yes. 7. fast; irregular; rest normal 8. sinus tachycardia 
with a sinus arrhythmia; sinus node. 

Dysrhythmia Worksheet # 3 

1. regular. 2. 50; slow. 3. yes; 4. 1:1 ratio. 5 . 0.14 second; yes; yes. 
6. 0.08 second; yes. 7. slow rate; normal intervals. 8. sinus bradycardia; 
sinus node. 

Dysrhythmia Worksheet # 4 

1. regular. 2. 100; yes. 3. yes. 4. 1:1 ratio. 5. 0.12 second; yes; yes. 
6. 0.08 second; yes. 7. normal. 8 . normal sinus rhythm; sinus node. 
9. no; sudden sinus pause occurred; sinus arrest block 

Chapter Three: 

Dysrhythmia Worksheet # 5 

1. slightly irregular. 2. three slash method; 90; yes. 3. yes; no; 
different foci. 4. yes; 1:1 ratio. 5. 0.10 second to 0.14 second; yes; no; 
different foci. 6. 0.06 second; yes. 7. all normal except for different foci. 
8. wandering atrial pacemaker. 
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Dysrhythmia Worksheet # 6 

1. irregular. 2. 90; slow. 3. yes. 4. 1:1 ratio. 5. 0.10 second; yes; yes. 
6. 0.06 second; yes. 7. rate slow; rhythm irregular; sinus bradycardia and 
sinus arrhythmia. 8. a. earlier; premature. b. yes. c. yes; no; different 
foci. d . 0.12 second; no; different foci. e. yes; premature atrial 
contractions. f. sinus arrhythmia; premature atrial contractions. 

Dysrhythmia Worksheet #7 

1. regular. 2. 300; fast 3. not clear; no. 4. possibly 1: 1 ratio. 5. not 
clear; no; no. 6. 0.04 second; yes. 7. very rapid heart rate with normal 
ventricular conduction, paroxysmal atrial tachycardia. 

Dysrhythmia Worksheet # 8 

1. regular. 2. 120; fast 3. no; sawtooth; flutter. 4. 2:1 ratio; yes. 
5. none; no; no. 6. 0.12 second; long. 7. flutter waves present and QRS 
duration wide; atrial flutter 2:1 with an intraventricular conduction delay. 

Dysrhythmia Worksheet #9 

1. irregular. 2. 80; yes. 3. no; irregular wavy baseline; fibrillation waves. 
4. none; no; irregular conduction 5. none; n o; no. 6. 0.08 second; yes. 
7. atrial fibrillation with a depressed ST segment 

Chapter Four: 

Dysrhythmia Worksheet #10 

1. regular. 2. 80; no; 98-163. 3. yes; no. 4. yes; 0.10 second; yes; yes. 
5. 0.06 second; yes. 6. a. regular; b. slow; c. inverted; d. normal; 
e. normal. 7. junctional escape rhythm 8. junctional tissue. 9. yes; 
passive. 

Dysrhythmia Worksheet # 11 

1. slightly irregular. 2. 40. 3. present. 4. 0.32 second; yes. 5. 1:1 ratio. 
6. 0.08 second. 7. sinus bradycardia with a prolonged PR interval. 
8. a earlier; b. none; c. yes; d. premature junctional contraction; e. sinus 
bradycardia with a prolonged PR interval and a premature junctional 
contraction. 
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Dysrhythmia Worksheet # 12 

1. regular. 2. 136. 3. no. 4. no. 5. cannot be seen. 6. cannot be 
measured; no. 7. 0.06 second; yes. 8. a. regular; b. 136. 
c. none; d. none; e. normal. 9. junctional tachycardia; junctional tissue; 
no; active. 

Chapter Five: 

Dysrhythmia Worksheet # 13 

1. 50; no. 2. no. 3. no. 4. 0.26 second; no. 5. normal; ventricles. 
40 to 70; yes; escape; idioventricular escape rhythm. 

Oysrhythmia Worksheet # 14 

1. 120. 2. no. 3. 0.12 second; yes. 4. 0.04 second; yes; sinus tachycardia 
5. a. before; b. no; c. yes; d. no; e. premature ventricular contractions, 
sinus tachycardia with unifocal PVCs; bigeminy, trigeminy, quadrageminy. 

Dysrhythmia Worksheet # 15 

1. normal sinus rhythm with a prolonged PR interval 2. a. before; b. yes; 
c. no; d. yes. 3. PVCs; no; more than one ectopic focus. 4. normal sinus 
rhythm with a prolonged PR interval and multifocal PVCs. 5. positive 
cardiac history, symptomatic, electro I yte and/ or metabolic abnormalities 
present, multifocaL R on T, unifocal greater than 6 per minute, or in runs; no 
decrease with exercise or faster heart rates. 6. antidysrhythmic drugs such 
as lidocaine, procainamide, phenytoin, propranolol and quinidine. 

Dysrhythmia Worksheet # 16 

1. ventricular tachycardia 2. no. 3. 180. 4. ventricles; cardiac irritability. 
5. a. go to the bedside; b. if the child is conscious, assess his/her clinical 
status; c. call the doctor STAT; d. prepare appropriate antidysrhythmic 
medications; e. have your co-worker bring in the defibrillator. 

Dysrhythmia Worksheet # 17 

1. ventricular fibrillation. 2. a go to the child's bedside; b. assess the 
child quickly; call for help; c. begin CPR, tell co-worker to get the 
defibrillator; d. prepare to defibrillate. 3. 2 joules/kg. 4. 20. 
5. antidysrhythmic, e.g., lidocaine. 
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Chapter Six: 

Dy9rhythmia Worksheet # 18 

1. regular. 2. 160; 160; yes. 3. yes; upper limits of normal. 
4. 0.14 second; lon~ yes. 5. 1:1 ratio. 6. 0.08 second; yes. 
7. a. regular; b. 98 to 163; c. 0.10 to 0.15 second; d. 1:1 ratio; 
e. less than 0.10 second 8. PR interval is increased for the child's heart rate. 
9. normal sinus rhythm with first degree heart block. 

Dy9rhythmia Worksheet # 19 

1. irregular; yes. 2. 90; 60. 3. yes. 4. 0.20 to 0.28 second; no; increasing 
PR intervals. 5. 3:2 ratio; yes. 6. 0.04 second; yes. 7. Wenckebach/ 
Type I second degree heart block; 8. increasing PR intervals until a QRS 
compl.ex is dropped. 9. dependjng upon the ventricular rate; rarely 
progresses to third degree heart block. 

Dysrhythmia Worksheet #20 

1. irregular. 2. 150; 100. 3. peaked. 4. 0.16 second; increased; yes. 
5. yes; no. 6. 3:2 ratio; yes. 7. 0.08 second; increased 8. second; 
type [1 9. yes. 10. progression to third degree heart block. 

Dysrhythmia Worksheet #21 

1. irregular. 2. 130; 30; no. 3. yes, sinus node. 4. none. 5. no 
relationship; no; no. 6. 0.12 second; ventricles. 7. third degree heart 
block with a ventricular escape rhythm; yes. 8. general app earance, 
level of consciousness, color of mucous membranes and nailbeds, skin 
temperature, blood pressure, respiratory rate, urine output. 9. prepare for 
pacemaker insertion. 

Chapter Eight: 

ECG 8.1 P wave axis +30°; QRS axis +90°; T wave axis +30°. 

ECG 8.2 P wave axis +60°; QRS axis +120°; T wave axis +60°. 

ECG 8.3 P wave axis 0°; QRS axis+30°; T wave axis+20°. 

ECG 8:16 1. regular. 2. 150; 150; 1:1 ratio. 3. 0.06 second; 0.04 second. 
4. 0.12 second; 0.45 second. 5. P wave + 45°; QRS complex 
+100°; T wave +50°. 6. normal and consistent P waves; normal 
QRS complex; long isoelectric ST segment; peaked T wave; absent 
u wave. 7. normal sinus rhythm, long QTc interva~ peaked 
T waves; hyperkalemia and hypocalcemia verified with lab. 
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A 

aberrantconduction,80 
accelerated conduction, 87-88 
accelerated idioventricular rhythm, 115-116 
accelerated junctional rhythm, 106 
action potential, 14: 

ECG waveform correlation, 46 
muscle cell, cardiac, 14-20 

hypercalcemia, 158 
hyperkalemia, 150 
hypocalcemia, 159 
hypokalemia, 154 

Purkinje cell, normal and hyperkalemia, 
152 

SA node, 20-21 
hypocalcemia, 159 
hypercalcemia, 158 

adrenergic fibers (See sympathetic) 
atrial arrest, hyperkalemia, 151 
atrial contractions, premature, 79-81 

re-entry mechanism, 84 
atrial dysrhythmias, 78, (table), 92 
atrial fibrillation, 91-92 
atrial flutter, 88-91 
atrial hypertrophy, 58-59 
atrial inherent rate, 11,20 
atrial tachycardia, 81-88 

aberrant conduction, 123-124 
atrioventricular conduction blocks: 134 

(see also heart block) 
atrioventricular node (see AV node) 
atropine, 24 

idoventricular rhythm, 116 
junctional escape rhythm, 103 
Mobitz 1/Wenckebach, 137 
sinus bradycardia, 70 
sinus arrest/block, 71 

automaticity, 11, 20-21 
alterations in, 25-26 
parasympathetic effects, 24 
sympathetic effects, 23 

autonomic nervous system, 21-22 
AV dissociation, 141 

(see also third degree heart 
block) 

AV node, 6 
AV junction, 7 
axis, 168 

calculation, 166-173 
deviation, right, 176 
superior, 177 

Bazett equation, 157 
beta receptors, 22 

B 

(see also sympathetic) 

beta1 stimulation, positive, 23,25 
bigeminy, ventricular, 119 
bretylium, 125 
bundle branch, left, right, 8-9 
bundle branch block: 

left, 190-191 
right, 189-190 

bundle of His, 7 

calcium: 

C 

action potential, 15-21 
antagonist (see also verapamil) 
concentrations, 13,157 
channel, slow, 15,21 
depolarization/contraction, 16 
imbalance, 157-159 

digoxin toxicity, 159 
cardiogenic shock, atrial tachycardia, 82 
cardioversion, direct current synchronized, 

85-86 
atrial fibrillation, 92 
atrial flutter, 91 
atrial tachycardia, 85-86 
digitalized child, 85 
junctional tachycardia, 108 
ventricular tachycardia, 125 

channels, fast, slow, 15,20 
cholinergic fibers (see parasympathetic) 
chronotropic effect: 

negative, 24 
positive, 23 

compensatory pause (see also pause, complete 
compensatory) 

conduction system, 3,26 
cells: pacemaker, 4,7,11 

Purkinje, 5,7 
transitional, 6 

conductivity, 11 
ECG waveform correlation, 37 

conductivity, 11, 21 
alterations in, 25-26 

hyperkalemia, 150-151 
contraction, cardiac muscle cell, 16 
coronary artery, anomalous left, 188 
coronary artery perfusion, limited, 84-85 

D 

defibrillation, 126 
digitalized child, 126 

delta wave, 87-88 
depolarization, 15-16 

atrial wave, 38 
diastolic, 20 
ventricular wave, 40 

depolarized cardiac cell, 14 
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diastolic filling, shortened, 84,91, 108 
digoxin: 159-161 

atriaJ tachycardia, 85-86 
atrial fibrillation, 92 
atrial flutter, 91 
effect, 159-160 
junctional tachycardia, 108 
premature atrial contraction, 81 
sodium-potassium pump, 156 
toxicity, 159-160 

hypokalemia, 156 
hypercakernia, 159 

Wolff-Parkinson-White syndrome, 88 
diving reflex, 85 
dromotropic effect, positive, 23 
dysrhythmia, 25 

formation, 25-26 
protective passive, 102,115 

E 

cdrophonium chloride, 24 
electr_ocardfogram (ECG), 164-165 

axis calculation, 166-173 
interventricular conduction blocks, 

189-193 
paper, 47 

heart rate calculation, 54-56 
twelve lead: 

precordial, chest, 165, 178-179 
standard limb, 164 

ventricle, single, 188 
ventricular hypertrophy, 178-188 
ventricular inversion, 188 

electrodes, 30-34 
(see also lead) 

epinephrine, 24 
idoventricular rhythm, 116 
ventricular fibrillation, 126 

Fwaves, 89 
£waves, 91 

F 

fascicle, left anterior and posterior, 9 
fascicular block: 

left anterior, 177,192 
left posterior, 192 

1500 method, 55 
fusion complex, 120-121, 124 

H 

heart block: (table), 143 
first degree, 135 
second degree, 135-136 

Mobitz IfWenckebach, 136-137 
Mobitz II, 137-138 
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third degree, 140-143 
acquired, 143 
congenital, 143 

heart failure: 
atrial flutter, 91 
atrial tachycardia, 84-85 
digoxin, 159 
sinus tachycardia, 69 
third degree heart block, 143 

hexaxial reference system, 165-166 
calculation of wave axis, 168-173 

hypercalcernia, 157-159 
action potential, 158 
etiology, 157 
QTc, 157-158 

hyperkalemia, 150-154 
action potential alterations: 

cardiac muscle, 150 
Purkinje cell, 152 

etiology, 150 
treatment, 153-154 
waveforms, 151-153 

hypertrophy: 
atrial, 58-59 
ventricular, 178-179 

biventricular, 187 
left, 185-186 
right, 176,180-184 

hypocalcemia, 157-159 
action potential, 159 
etiology, 157 
QTc, 157-158 
treatment, 159 

hypokalemia, 154-156 
action potential, 154-155 
etiology, 154 
treatment, 156 
waveforms, 155-156 

idoventricular rhythm, 115-116 
accelerated, 115-116 

inherent rates, 11,20 
inotropic effect: 

negative, antidysrhythmic drugs, 
26,125 

positive, 23 
interatrial tract, 5 
internodal tracts, 5 
interventricular conduction: 

blocks, 189-192 
delay, 62 

isoproterenol, 24 
junctional escape rhythm, 103 
Mobitz II second degree heart block, 

138 



214 Index 

Jervel and Lange-Nelson syndrome, 159 
junctional contraction, premature, 104-106 
junctional dysrhythmias, (table), 109 
junctional escape beat, 104 
junctional escape rhythm, 102-103 

sinus aJTest/block, 71 
third degree heart block, 140-143 

junctional inherent rate, 11,20 
junctional rhythm, accelerated, 106 
junctional rhythms, 100-102 
junctional tachycardia, 107-108 

aberrant conduction, 123-125 
junctional tissue, 7 
junction, AV, 7 

Kent bundle, 86-88 

lead, 32 
axis, 32,165 
bipolar, 165 
ECG, 164-165 

K 

L 

chest, precordial, 165,178-179 
standard limb, 164 

monitoring systems: 
II, 33-34 
MCLi,33-344 

unipolar, 165 
lidocaine, 122 

premature ventricular contractions, 122 
ventricular fibrillation, 126 
ventricular tachycardia, 125 

M 

Mobitz I, II (see heart block) 
monitoring, cardiac, 30-34 

Pwave, 38 
assessment, 56-59 
axis, 168 

p 

normal and alterations, 174-175 
duration, 58 

increased, hyperkalemia, 151 
unconducted, assessment of, 138 

pacemaker, artificial: 
Mobitz II second degree heart block, 138 
third degree heart block, 143 

pacemaker cells, 4, 7, 11 
paper, ECG, 47 

heart rate calculation, 54-56 

parasympathetic: 
blocking agents, 24 
innervation, 22 
stimulation, 24 

parasympathornirnetic drugs, 24 
paroxysmal atrial tachycardia, 82,86 

(see also atrial tachycardia) 
pause, complete compensatory: 

premature junctional contraction, 
105-106 

premature ventricular contraction, 
117 

phenytoin: 
ventricular tachycardia, 125 

polarized cardiac cell, 13 
potassium: 

action potential, 13-21, 150 
concentrations, 13,149 
imbalance, 150-156 

digoxin toxicity, 156 
lead II assessment, 150-156 

potential, resting membrane: 
alterations in, 25-26 
cardiac muscle cell, 13-14 

hyperkalemia, 150 
hypokalemia, 154 

Purkinje cell, hyperkalemia, 152 
SA node, 20 

PP intervals, 141 
P:QRS ratio, 60 
PR interval, 39 

assessment, 60-61 
maximal (table), 60 
prolonged, 61,151 
shortened, 61,88 

PR segment, 39 
premature atrial contraction, 79-81 

re-entry mechanism, 84 
premature junctional contraction, 104-106 
premature supraventricular contraction, 

104-105 
premature ventricular contractions, 116-122 

multifocal, 120-121 
procainarnide, 122 

premature ventricular contractions, 
122 

ventricular tachycardia, 125 
propranolol, 24 

junctional tachycardia, 108 
premature atrial contraction, 81 
Wolff-Parkinson-White syndrome, 88 
ventricular tachycardia, 125 

Prime('), 40 
pseudohyperkalemi_a, 150 
Purkinje: 

cells, 5,7 
action potential curve: 

normal and hyperkalemia, 152 



fibers, 10 
network, 10 

Q wave, 40-41 
ECG assessment: 

Q 

single ventricle, 188 
ventricle location, 188 

QRS axis, 168 
normal, (table), 176 

QRS complex, 40 
action potential correlation, 46 
duration, 62 

increased: 
hyperkalernia, 151 
ventricular hypertrophy, 179 

QRS-T angle, wide, 178 
QTc interval, 157-158 

digoxin, 160 · 
QT interval, 45 

syndrome, prolonged, 159 
quadragemirty, ventricular, 119-120 
quadrant method, refined, 168-169 
quinidine: 

ventricular tachycardia, 125 
Wolff-Parkinson-White syndrome, 

88 

R 

R on T phenomenon, 121 
RR interval, 53 
R wave, 40-41 
R wave sense, 85-86 
rates, heart: 

calculation on ECG paper, 54-56 
inherent, 11 
normal (table), 54 

recording device (see monitoring, cardiac) 
re-entry mechanism, 83-84 

atrial tachycardia, 83-84 
atrial flutter, 89 
Wolff-Parkinson-White syndrome, 86-88 

refractory periods, 19 
ECG wave form correlation, 46 

repolarization, 16-21 
abnormality, primary, 64,178 
phases: 

early, 17 
plateau, 18 
rapid, 19 

waves, 42-43 
resuscitation, cardiopulmonary: 

idoventricular rhythm, 115-116 
ventricular fibrillation, 126 

rhythm assessment (see RR intn-val) 
Romano-Ward Syndrome, 159 

S wave, 40-41 
SA node, 4 

s 
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action potential, 20-21 
calcium imbalance, 158-159 

ST segment, 42 
action potential correlation, 46 
assessment, 62-63 

calcium imbalance, 158-158 
depressed, 62,155,179 
elevated, 62 

sine wave, 151 
sinoatrial node (see SA node) 
sinus arrest/block, 71 
sinm; arrhythmia, 70-71 

junctional escape beats, 104 
marked, 70-71 

sinus bradycardia, 69-70 
significant, 70 

sinus node rhythms, 68 (table), 72 
sinus rhythm, normal, 52-53 
sinus tachycardia, 68-69 
sodium: 

action potential, 13-20 
concentrations, 13 
channel, fast, 15 

sodium-potassium pump, 19,149 
digoxin, 156 

standardization (see paper, ECG) 
Starling's law, 69 
Stokes-Adams syndrome, 143 
supernormal period, 19 

cardioversion, 85 
ECG waveform correlation, 46 
Ron T phenomenon, 121 

supraventricular contractions, premature, 
104 

supraventricular tachycardia, 108 
aberrant conduction, 123-124 

sympathetic: 
blocking agents, 24 
innervation, 21-22 
stimulation, 23 

sympathomimetic drugs, 24-25 
sinus tachycardia, 69 

T 

Twave: 
atrial repolarization, 43 
ventricular repolarization, 42 

action potential correlation, 46 
assessment, 64 
hyperkalemia, 150-151 
hypokalemia, 155 
inversion, 179 
wave axis, 168,178 
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Tensilon® (see edrophonium 
chloride) 

300 method, 54-55 
three slash method, 55-56 
threshold level: 

alterations in, 25-26 
cardiac muscle cell, 15 
Purkinje cell, hyperkalemia, 152 
SA node, 20 

calcium imbalance, 158-158 
transitional cells, 6 
trigerniny, ventricular, 119 

Uwave, 44 
hypokalemia, 155 

u 

V 

V3,, 165,178-179 
vagal stimulation, 22,26 

first degree heart block, 135 
maneuvers, 85 

atrial tachycardia, 85 
junctional tachycardia, 108 

significant sinus bradycardia, 70 
sinus arrest/block, 71 
wondering atrial pacemaker, 78-79 

vagus nerve, 22 
(see also parasympathetic) 

vector, 27 
mean, 28, 164 

atrial, 29 
ventricular, 30 

recording, 30-34 (see also ECG) 
ventricular arrest, hyperkalemia, 152 

ventricular bigeminy, 119 
ventricular contraction, premature, 116-122 

mu ltifocal, 120-121 
ventricular dysrhythmias, 113-114, (table), 

127 
ventricular escape rhythm, 115 

(see also idioventricular rhythm) 
third degree heart block, 140-143 

ventricular fibrillation, 125-126 
hyperkalemia, 152 

ventricular forces, right, left, 179 
ventricular hypertrophy: 178-188 

biverttricular, 187 
left, 177, 185-186 

diastolic volume loading, 185-186 
systolic pressure loading, 185-186 

right, 176, 180-182 
diastolic volume loading, 181-183 
newborn, 181-184 
systolic pressure loading, 181-182 

ventricular inherent rate, 11, 20 
ventricular ischernia, ST segment, 62,179 
ventricular quadrageminy, 119-120 
ventricular size, determination, 179 
ventricular strain, ST segment, 62 
ventricular tachycardia, 122-125 
ventricular trigeminy, 119 
verapamil, 85 

atrial tachycardia, 82,85 

w 

wandering atrial pacemaker, 78-79 
wave axis, 168 
Wenckebach (see heart block, Mobitz I) 
Wolff-Parkinson-White syndrome, 86 

atrial tachycardia, 86-88 
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INTENSIVE CORONARY CARE, FOURTH EDITION 
by Lawrence E. Meltzer, MD, Rose Pinneo, RN, MS, 

J. Roderick Kitchell, MD 
The classic "Yellow Manual" now in an extensively revised edition! Of­
fers the same level of authority and precision of previous editions plus 
updated diagnostic procedures, more anatomy and physiology, heavy 
emphasis on ECG Arrhythmias Interpretation (with the latest 
knowledge and terms), new chapters on ECG diagnosis of MI, injury 
and ischemia- and drug therapy (includes the new Calcium An­
tagonists), and an exhaustive index for easy reference. 
1983/320pp/ case/ISBN 0-89303-247-6/D2476-2 
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by Jacquelyn Deal, RN 
1983/ 224pp/ paper/ ISBN 0-89303-248-4/D2484-6 

CRITICAL CARE: CERTIFICA TlON PRACTICE EXAMS 
by Dot E. Langfitt, RN, MN, CCRN 
Here's the book created to help nurses pass the critical care certification 
examination, With practice exams on each of the body systems, it 
presents the kinds of questions asked on the actual exam and covers the 
material commonly encountered in critical care nursing. Also includes 
practice final exam and answer section. 
1~3/212pp I paper /ISBN 0-89303-246-8/D2468-9 

CRITICAL CARE: CERTIFICATION P!lEPARATION ANIJ REVIEW 
by Dot E. Langfitt, RN, MN, CCRN 
A brand-new text designed to give concise knowledge to successfully 
prepare students for certification. Presents basic anatomy, physiology, 
pathophysiology, and nursing care, and provides an in-depth 
knowledge base for each of the body systems relevant to critical care. 
1984/ 636 pp/ case/ISBN 0-89303-245-X/D245X-2 

TRAUMA REFERENCE MANUAL 
by Ginny Cardona, RN, MS, CCRN 
New! Gives detailed information on 96 topics covering traumatic in­
juries, complications of trauma, treatment and diagnostic modalities, 
and psycho-social concepts utilized in the care of patients. Presented in 
outline fom,at, it emphasizes pathophysiology and nursing implica­
tions. 
1984/ 416pp/ paper /ISBN 0-89303-900-4/D9004-5 
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