






























































































































































































































































B4 3 Atrial Dysrhythmias

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 alse
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 itself, causing a rapid ventricular heart rate.

ECTOPIC ATRIAL PULSE

PATHWAY A PATHWAY B

LONGER SHORTER
REFRACTORY REFRACTORY
PERIOD PERIOD
RETROGRADE ANTEGRADE
CONDUCTION CONDUCTION

VENTRICLES

Figure 59, Schematic Representation of The Re-entry Mechanism

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
























92 3 Atrial Dysrhythmias

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

TABLE III.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; Nene
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






















Junctional Dysrhythmias

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

1.

Distinguish a junctional-initiated complex based on:

a. P wave vector
b. P QRS relationship
c¢. PR interval;

State the inherent rate of impulse formation from the junction;

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

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

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

a. junctional escape rhythm/beat
b. accelerated junctional rhythm

¢. junctional tachycardia

d. premature junctional contraction






























4 Junctional Dysrhythmias 109

TABLE IV.1 Pediatric Summary of Cardiac Dysrhythmias: Junctional

P:QRS PR QRS
Rata P Wave Ratio Regufarity  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 accurs (If the less than
before, abnorm, P .08 sec. in
within, after Qceurs neonate;
the QRS beforethe 11 sec, in
QR3) the child;
unless
aberrantly
conducted
Junctional May be T: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 nepnate;
before the .11 sec. in
QRS) the child;
unless
aberrantly
conducted
Accelerated Age May be 1:1 Regular Less than Age de- Often
Junctional  Depen- inverted; the child’s pendent none
Rhythm dent accurrence: normal always
before, (If the less than
within, after abnorm. P .08 sec. in
the QRS oCcCurs necnate;
heforethe .11 sec in
QRS) the child;
unless
aberrantly
conducted
Junctionral  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
1 sec in
the child;
unless
aberrantly
conducted
Premature May be 1:1 Interrupts Less than Age de- Often
Junctionai inverted; rhythm; the child’s pendent none;
Contraction occurrence; appears normal if  always ohserve
before, early P Wave less than for tachy-
within, QcCurs .08 sec. in cardia
after the prior to neonate;
QRS QRS 11 sec.in
the child;
unless
aberrantly

conducted













Ventricular Dysrhythmias

OBJECTIVES
After completion of this chapter, the reader will be able to:
1. Distinguish a ventricular complex based on:

Absence of a P wave
. Prolenged QRS duration
Abnormally shaped QRS complex
. T wave directed opposite to the QRS complex;

=

an

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

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

a. ldioventricular Rhythm

b. Premature ventricular contractions, unifocal and multifocal
¢. Ventricular bigeminy, trigeminy, and quadrageminy

d. Ventricular tachycardia

e. Ventricular fibrillation

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

The waveforms produced by an ectopic ventricular focus have a characteristic
appearance. The QRS complexes are different than the child’s normal, appearing
distorted with a wide QRS duration, due to the abnormal conduction pathway used
by the ventricular impulse.







































126 5 Ventricular Dysrhythmias

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 idieventricular 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, cyanatic 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 digoxim. 1f 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 seodium bicarbonate administra-
Hon is necessary before any further increases in joules/kg. Lastly, ad ministration 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 lidocaine, to
prevent the recurrence of ventricular fibrillation. Antidysrthythmic 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 IIL
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TABLE V.1 Summary of Pediatric Cardiac Dysrthythmias: Ventricular

P P QRS PR QRS
Rate Wave Ratio Regularity Interval  Duration Treatment
Idio- Under None No P Regular Not Greater than Atropine,
ventricular  70-chfid waves present the child’s  epinephrine
Rhythm 40-adoles. normal;
abnorm. in
character
Premature None No P Prema- Not Greater than Assess history &
Ventricular waves ture; present the child’s eticlogy. Rx if
Contraction interrupts normal; symptomatic
regularity; abnorm. in  multifocal; lido-
full com- character caine; procaina-
pensatory mide; phenytoin
pause
Ventricular Above 100 None No P Regularto 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 NoP  Irregular Not Linmeasur-  Defibrillation 2
Fibrillation surable waves present able joules/kg.; correct

hypoxia and aci-
dosis; follow with
lidocaine if
necessary



















Atrioventricular
Conduction Blocks

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

1. Interpretthe following dysrhythmias from example tracings using the criteria
listed in Table VIL1:

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

Mobitz I {Wenckebach)

Mobitz II
¢. 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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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.
2,

3
4,
5

6.

Regular rhythm, regular RR intervals;

Normal atrial rate for age;

ventricular rate up to 120 in the newborn and up te 45 in the adolescent;
Normal P wave, regular PP intervals;*

No PR interval;

No P:QRS relationship;

Usually normal QRS duration.

With ventricular escape rhythm—

1,
2.

3
4,
5
6

Regular rhythm, regular RR intervals;

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

Normal P wave, regular PP intervals;*
No PR interval;

No P:QRS relationship;

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.

*Itis 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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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.! 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 due 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 PQRS PR QRS
Rate Wave Ratio Regufarity Interval Duration Treatment
First Underlying Normal  1:1 Regular Greater Normal None
Degree rhythm normal, than the for obsarve
Block bradycardia, child’s age
tachycardia normal for

age and

rate

(Table 11.2)
Second Atrial rate Normal  Starts 1:1, Irregular,  Progres Narmal MNoneg;
Degree normal for then 1:0 cyclic in sive for age observe;
Block age; ventricular character  increase atropine if
Wencke- rate less than until one ventricular
bach atrial QRS rate
Type | complex inadequate

dropped
Second Atrial rate Normal P greater Irregular, Fixed in Normal Isoproterenol,
Degree normal for age; than QRS; may occur conducted  for age pacemaker
Block ventricular rate may be in aset beats
Type |l less than atrial fixed ratic pattern

i.e. 31, 2:1

Third Atrial normal; Normal, NO Repular None Normal Pacemaker;
Degree ventricular may he relationship observe for
Black 120 newborn,  buried CHF, Stokes-
with 45 adolescent Adams
Juncticnal Syndrome
Escape
Third Atrial normal; Mormal; WO Regular None Abnormal, Pacemaker;
Degree ventricular may be relationship greater observe for
Block below 70 buried than CHF, Stokes-
with infant, 40 child’s Adams
Ventricular adolescent norm Syndrome

Escape



















Lead 1l as
Assessment Tool

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

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 “digoxin effect” to that of digoxin toxicity;
4, Calculate a QTc interval

The ECG, particularly lead I, 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 IT}. 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 potassium 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 potassiuin 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
pPhlebotomy, occurs frequently in pediatrics, due to the prevalence of taking
capillary blood specimens,

Cardiac muscle cells and Purkinje cells are the most sensitive to hyperkalemia.l
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 0 of the action potential curve or a slower depolarization process.

+ 30mV. Normal
== Hyperkalemia
omv. Of=
threshold

—80mv.| — — —
Resting f“f
Membrane 4
Potential —omy. | ———
Shift

Figure 67. The Cardiac Muscle Cell’s Normal Action Potential Curve Contrasted to that of
Hyperkalemia
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The P wave and the QRS complex are reflective of phase [ of the atrial and ven-
tricular cells. A slow rise in phase 0 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

Leve! ECG Pattern

Tent shaped T waves (short
phase 3}

5.5-7.5 mM/L

Wide QRS duration, increased

W
7.5-8.5 mM/L
PR interval {slowed phase O
involving the ventricular cells;
decreased speed of conduc-
B tion)
W\

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

8.5-10.0 mM/L Atrial arrest, further widened
D QRS duration

9.0-11.0 mp/L. Sine wave; QRS and T wave
fusion

Figure 68.

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

Hypokalemia 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
hyperkaleinia. 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.

HNormal

+30mV., o N
---------------- Hypokalemia

threshold .
—80mV. [ Jevel ———r—— —_——
Resting —80mV, PE—
Membrane J L T, {
Potential —100MV.| sl it .

Shift

[P SRR —

Figure 70. The Cardiac Muscle Cell’s Normal Aclion Potential Curve Contrasted to that of
Hypokalemia
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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%. Hypercalcemia 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;
Increased calcium loss through gastrointestional tract or kidneys;

2

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 QTcis
the QT interval corrected for heart rate. General]y, the T wave should end one-halfto
two-thirds of the distance between two R waves. A T wave which differs should be
examined more closely by calculation of a QTc. The normal QTc is 0.40 T 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
Qte = ~ RR interval

The QTc in Rhythm Strip 7.4 is 0.443 second.
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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.

Normal

+ Hypocalcemia

0
+30my.
% THRESHOLD | —40mV.
s LEVELS —50mV.
—eomy.| — =] —— — — — i oy
. —70mv.
CARDIAC SA NODE
—gomy.| —— MUSCLE CELL

Figure 73. Action Potential Changes Associaled with tlypocalcemia

Treatment of both states consists of correcting the primary problem. Intravenous
calcium is the primary treatment of hypocalcemia but extra care must be taken dur-
ing administration. If given too rapidly, calcium will cause bradycardia. Calcium and
digoxin both potentiate the others 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 effect

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 heart. 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 2 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












The Twelve Lead ECG

OBJECTIVES

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

1.
2.
3.

Define the difference between unipolar and bipolar leads;
State the ECG leads and compare the expected deflections in each;

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

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

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, [, II, I, aVR, aVL, aVF, assess the electri-
cal pathways on the frontal plane.

BIPOLAR LEADS UNIPOLAR LEADS

aVF

Figure 74. Bipolar and Unipolar Standard Limb Leads View the Cardiac Vectors on the Frontal
Plane
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The chest, or precordial, leads Vir, Vy, ¥y, Va, Vy, V5, V,, assess the electrical pathway
on the horizontal plane. (A Vjris a V3 on the right side of the chest. Itis usually added
to the pediatric twelve lead ECG to provide an extra view of the electrical forces from
the right side of the chest)

O

SPINAL CORD

CARDIAC VECTOR
AR
"r‘ \

{

UNIPOLAR LEADS

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

Bipolarleads 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 III of the twelve lead ECG.

Unipolar leads record the heart’s electrical activity viewed only from a single posi-
tive electrode. Leads aVR, aVL, aVF, 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 are positive,

{—aVF)
= =)
e —car
+avlL
— 150 s
+aVR
o +1
. o
(—h
+ 160 a0
\\\—:[aVL) (—aVR)
"'\.\ + 120" L0
+11 +80° +1
+aVvF

Figure 76. The Hexaxial Reference System Represents the Frontal Plane Leads Drawn to Inter-
sect at a Centra! Point

As illustrated in Figure 76:

1. LeadIrepresentsthe difference in the electrical potential between the positive
left and the negative right arm electrodes.

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

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

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

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

6. aVF 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 mdicative of the average direction of the ventricular depolarization
wave.

The T wave axis is indicative of the average direction of the ventricular repolariza-
ion 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 aVF 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 fower (+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",

—80°

+180° 0®

Lead | ‘/[

Figure 78a. The Quadrant Method; Assessing Lead |

+80°

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

—4a0°

+180°

;:ﬁ:goq

+490°
Figure 78b. The Quadrant Method; Assessing Lead aVF
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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.

—gp®
—120° —AVF —&n°
—1l —1
—150° —30°
AVR AVL
=180° 0° 1
—AVR
—AVL i
+150° +30
mn n

+120° +an" +60°
AVF

Figure 79b. Make I'recise Divisions Along Lead | 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,

—90°

—120* —AVF — 80"
—H —Ili

—150°
AVR

+180°

—AVL
+150°

Il I
+120° +90° +60°

AVF

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

—90°
—1420° —ANF —B0°

I I
+120° +90° +60°
AVF

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.

—80°
—120° —AVF
—1l

n I
+120° +80° +80°
AVF

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 aVF. 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 aVF. Lead I
can be used if the isoelectric wave appears in leads II or III and lead aVF for the
isoelectric wave in leads aVR or aVL. 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: 1f in lead aVR the wave is isoelectric {net deflection is 0) the mean vector
must be directed toward -+120° or —60°.

—150° —60°
aVvR

a. Lead aVvR
+120°

Figure B0a. Assessment of an Isoclectric Wave in aVR

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

avR
—150° —60°
+180° 0°
b. Lead aVF
+ 120 aVF
+90°

Figure 80b. If the Wave is Pasitive in Lead aVF the Axis is Directed Toward +120°
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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 Pasition 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 5 waves in the
right chest leads. (Remeinber, 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 amnount 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 relative size of the two ventricles in relation to
one another.
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Normally the ventricular activation wave from the right chest leads should resem-
ble an RSt 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
days3

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
RSr
S >15mm A
rr [
> hmm
rsr’ q qR rSR'/rsR’
S S
a. NORMAL b. SYSTOLIC c. DIASTOLIC
PRESSURE VOLUME
OVERLOADING 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
V1 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. g wave in Vj is present or the R wave is greater than 20 mm.
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3. 5 wave in V, greater than 10 mm.
4, Upright T wave in V, 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,

¥, A\l ViR
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ECG 8.8a. Right Ventricular Hypertrophy Due to Systolic Pressure Overloading
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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 veniricular 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
. W
R
T> 20mm
gRs gRs T QRs
ST
l /
q T
g 5 1 Q s
a. NORMAL b. SYSTOLIC c. DIASTOLIC
PRESSURE VOLUME
OVERLOADING OVERLOADING

Figure 84 (a) Normal Left Ventricular Activation Waves in V, (b) Left Ventricular Hypertrophy
Pattern in ¥, due to Systolic Pressure Overloading {€) 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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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. [IVCBs 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 ventriculotomy and in Ebstein’s malfor-
mation.4 In RBBB, the left bundle assumes responsibility for biventricular activation.
The left bundle branch activates the interventricular septum nermally 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 V; and Vg

V¥, — The initial r wave indicating septal 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 activaion occur simultaneously.

Rl

rSR’

a. Vv,

S

N |
|

>NORMAL

Figure 85a. Right Bundle Branch Block pattern in WV
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APPENDIX |

Cardiac Monitoring Procedure

Purpose: To monitor cardiac rate, thythm, 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: Points of Emphasis:

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 powet 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.

Knowledge decreases anxiety and fears
and promotes trust and cooperation.

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

See No. 8

Lead Il 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 problern persists.

Approximately 30 above and below nor-
mals for age.

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

2. The cardiac 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,

potted 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 on
patients requiring long-term monitoring,

4. Alarms are never turned off.

APPENDIX 11

Electrocardiogram Procedure

To provide a graphic tracing of the electrical forces produced by

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);
Electrade conduction medium—Alcohol prep pad

Purpose:

the heart.
Equipment: ECG machine with paper;
Procedure:

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

1. Place patient in a comfortable posi-
tion.

Electrode paste

Points of Emphasis:

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
apptopriate 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 precordial
leads:

V;—4th intercostal space at the
right sternal border.
V;—4th intercostal space at the
left sternal border.
V;—Halfway between V, and V,
V,—5th intercostal space at the
mid-clavicular line.
Vs—Anterior axillary line di-
rectly lateral to V,.
Ve—Mid axillary line lateral to
V5.
Vyr—Halfway between V, and
an imaginary V,r.

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.

Avoid making electrode straps too tight

Lead wires should conform to body con-
tour. Avoid 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.

V,3 may be omitted in small infant.

V,r 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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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 ¥z 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 1mv. is thrown into the circuit, the
baseline should deflect 2 large boxes.

2—1mv. will deflect the stylus 4 large
boxes.

12—1mv. will deflect the stylus 1 large
box.

14—1mv. will deflect the stylus ¥ large
box.

Allows for proper identification of serial
ECGs.

Timing can be affected because of slower
paper movement

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 111

Defibrillation Procedure

Purpose:

Equipment:

To abolish fatal dysthythmias effectively, rapidly, and safety.

Defibrillator/Monitor/Recorder

Conductive Mediuin (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,



10.

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

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

Select energy—2 joules/kg.

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).

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.

Charge machine to pre-set en-
ergy levels

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

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

Assess cardiac thythme

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 ather.

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 i3 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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11.

12,

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

B. If asystole is preseni, begin
CPR;

C. If non-threatening rhythm is
present, obtain vital signs.

When it has been established that Failure to adequately clean the paddles
there is no further need for the de-  after use could present a shock hazard to
fibrillator, return cleaned equip- the operator.

ment to proper storage area.

Document the following:

time of defibrillation

number of times defibrillated
amount of energy used each
time

appropriate rhythm strips
identification number of the
defibrillator.

MO AW

APPENDIX IV

Answers to Self Tests and Worksheets
Chapter One:

IL
II1.

IL

IL

Self Test I: The Conduction System
5 3 2 1, 4
1. Conductivity 2. Automaticity 3. 60-190 4. 45-120 5. less than 70

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 Celis

2, 3 5 4 7,1, 6

same as Figure 23a

Self Test III: Nervous System Influence

1-A; 2-A/B; 3-B; 4-A; 5-B
l-a, e 2-aceg 3bdfh 4aceg 5bf



IL

118

IL

1L

IL
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Self Test IV: Dysrhythmia Formation

A-normal B-decreased, C-increased

B-vagal stimulation, negative inotropic medications, decreased temperature
C—positive beta stimulation, sympathomimetic drugs, hypoxia, hypercapnia,
muscle dilation or injury and increased temperature.

1-decrease, 2—increase, 3—increase, 4-decrease, 5—decrease/block

Self Test V: Vectors/Monitoring

b
c

Figure 41: MCL,, biphasic or negative
Figure 42: Lead II, all positive

Self Test VI: The Normal ECG Complex

1-P wave; 2-PR segment; 3-FR interval; 4-q wave; 5-R wave; 6-s wave;
7-QRS complex; 8-ST seginent; 9-T wave; 10-QT interval; 11-u wave

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:

IL

Self Test VII: Normal Sinus Rhythm

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

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; ¢. normal and all the same;
d. 1:1 ratio; e. 0.14 second, yes; f 0.06 second; g yes

3. 21%-year-old:

a. fairly regular; b. 100, within normal limits; ¢ normal and all the same;

d. 1:1 ratio; e. 0.12 second, yes; f 0.04 second; g yes

e w e
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4, 7-year-old:
a. regular; b, 65, low for age; ¢ normal and all alike; d. 1:1 ratio;
e. 0.12 second, ves; £ 0.04 second; g no, too slow for age.
5. 13-year-old:
a regular; b. 75, within normal limits; ¢ normal and all alike;
d. 1:1 ratio; 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, ves 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. 1:1ratio. 5. 0.12 second; yes; yes.
6. 0.06 second; yes. 7. fast irregular, restnormal 8. sinus tachycardia
with a sinus arrhythmia; sinus node.

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

Dysthythmia Worksheet #4
1. regular. 2. 100; yes. 3. yes. 4. 1:1ratio. 5. 0.12 second; yes; yes.

6. 0.08 second; yes. 7. normal 8. normalsinusrhythm; sinusnode.
9. no; sudden sinus pause occwrred;  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. rateslow; rhythm irregular; sinus bradycardia and
sinus arrhythmia, 8 a earlier; premature. b. yes. ¢ yes no; different
foci. d. 0.12 second; no; differentfocl e. yes; premature atrial
contractions. f sinus arrhythmia; premature atrial contractions.

Dysrhythmia Worksheet #7

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

Dysthythmia 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.

Dysthythmia Worksheet #9

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

Chapter Four:
Dysrhythmia Worksheet #10

1. regular. 2. 80; no; 98-163. 3. yes; no. 4. ves; (.10 second; yves; 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.

B. a earlier; b. none; ¢ 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,

¢ 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.

Dysrhythmia 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
¢ 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, electrolyte 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, propranoclol and quinidine,

Dysthythmia 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 clinjcal
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; ¢ 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:
Dysrhythmia Worksheet #18

1. regular. 2. 160; 160; yes. 3. yes; upper limits of normal.

4, 0.14 second; long yes. 5. 1:1 ratio. 6. 0.08 second; yes

7.a regular; b. 98 to 163; ¢ 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.

Dysrhythmia 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 | second degree heart block; 8. increasing PR intervals until a QRS
complex is dropped. 9. depending 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;
typell. 9. yes. 10. progression to third degree heart block

Dysrhythmia Worksheet #21

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

Chapter Eight:

ECG8.1 P wave axis +30° QRS axis +90°;, T wave axis +30°.
ECG8.2 P wave axis +60% QRS axis +120°; T wave axis +60°.
ECGB8.3 P wave axis 0°; QRS axis+30°; T wave axis+20°.

ECG8:16 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 interval, peaked
T waves; hyperkalemia and hypocaicernia verified with lab.



Index
A

aberrant conduction, 80
accelerated conduction, 87-88

beta, stimulation, positive, 23,25
bigeminy, ventricular, 119
bretylium, 125

bundle branch, left, right, 8-9

accelerated idioventricular thythm, 115-116  bundle branch black:

accelerated junctional rhythin, 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
(sce alse heart block)
atrioventricular node (se¢ AV node)
atropine, 24
idoventricular rhythm, 116
junctional escape rhythm, 103
Mobitz IYWenckebach, 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 dissaciation, 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
(see also sympathetic)

left, 190-1491
right, 189-190
bundle of His, 7

calcium:

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,

B85-86

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 {se¢ also pause, complete

compensatory)
conduction systein, 3,26

cells: pacemaker, 4,7,11

Purkinje, 5,7
transiticnal, 6

conductivity, 11

ECG waveform correlation, 37
conductivity, 11, 21

alterations in, 25-26

hyperkalemia, 150-151

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

D

defibrillation, 126
digitalized child, 126
delta wave, 8§7-88
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
atrial 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
hypercalcemia, 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
electrocardiogram (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 liinb, 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

F

F waves, 89
f waves, 91
fascicle, left anterior and posterior, 9
fascicular block:
left anterior, 177,192
left posterior, 192
1500 method, 55
fugion complex, 120-121,124

H

heart block: (fable), 143
first degree, 135
second degree, 135-136
Mobitz [/'Wenckebach, 136-137
Mobitz II, 137-138

Index 213

third degree, 140-143
acquired, 143
congenital, 143

heart failure:

atrial flutter, 91

atrial tachycardia, 84-85

digoxin, 159

ginus tachycardia, 69

third degree heart block, 143

hexaxial reference system, 165-166

calculation of wave axis, 168-173

hypercalcemia, 157-159

action potential, 158

etiology, 157

QTc, 157-158

hyperkalemia, 150-154

action potential alterations:
cardiac muscle, 150
Purkinje cell, 152

eticlogy, 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
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J

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

sinus arrest/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

K
Kent bundle, 86-88
L
lead, 32
axis, 32,165

bipolar, 165
ECG, 164-165
chest, precordial, 165,178-179
standard limb, 164
monitoring systems:
II, 33-34
MCL,, 33-344
unipolar, 165
lidocaine, 122
premature ventricular contractions, 122
ventricular fibrillation, 126
ventricular tachycardia, 125

M

Mobitz 1, II (see heart block)
monitoring, cardiac, 30-34

P

P wave, 38
assessment, 56-59
axis, 168
normal and alterations, 174-175
duration, 58
increased, hyperkalemia, 151
unconducted, assessment of, 138
pacemaker, artificial:
Mobitz Il 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
parasympathomimetic drugs, 24
paroxysmal atrial tachycardia, 82,86
{see also atrial tachycardin)
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 junctonal contraction, 104-106
premature supraventricular contraction,
104-105
premature ventricular contractions, 116-122
multifocal, 120-121
procainamide, 122
premature ventricular contractions,
122
ventricular tachycardia, 125
propranolol, 24
junctiona] tachycardia, 108
premature atrial contraction, 81
Wolff-Parkinson-White syndrome, 88
ventricular tachycardia, 125
Prime ("), 40
pseudohyperkalemia, 150
Purkinje:
cells, 5,7
action potential curve:
normal and hyperkalemia, 152



fibers, 10
network, 10

Q wave, 40-41
ECG assessment:
single ventricle, 188
ventricle location, 188
ORS axis, 168
normal, {table), 176
QRS camplex, 40
action potential correlation, 46
duration, 62
increased:
hyperkalemia, 151
ventricular hypertrophy, 179
QRS-T angle, wide, 178
QTcinterval, 157-158
digoxin, 160
QT interval, 45
syndrome, prolonged, 159
quadragemiriy, ventricular, 119-120
quadrant méthod, 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 waveform correlation, 46
repolarization, 16-21
abnormality, primary, 64,178
phases:
early, 17
plateau, 18
rapid, 19
waves, 42-43
resuscitation, cardiopulmonary:
idoventricular thythm, 115-116
ventricular fibrillation, 126
rhythm assessment (see RR inferval)
Romano-Ward Syndreme, 159

Index

S wave, 40-41
SA node, 4
action potential, 20-21
calcium imbalance, 158-159
5T 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
sinus arrhythmia, 70-71
junctional escape beats, 104
marked, 70-71
sinus bradycardia, 69-70
significant, 70
sinus node thythms, 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 peried, 19
cardioversion, 85
ECG waveform correlation, 46
R on T phenomenon, 121
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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

T wave:

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 edrophoninm
chloride)
300 method, 54-55
three slash methed, 55-56
threshold level:
alterations in, 25-26
cardiac muscle cell, 15
Purkinje cell, hyperkaleinia, 152
SA node, 20
calcium imbalance, 158-158
transitional cells, 6
trigeminy, ventricular, 119

U

Uwave, 44
hypokalemia, 155

Vv

Va, 165,178-179
vagal stimulation, 22,26
tirst 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 aiso ECG)
ventricular arrest, hyperkalemia, 152

ventricular bigeminy, 119
ventricular contraction, premature, 116-122
multifocal, 120-121
ventricular dysrhythmias, 113-114, (fable),
127
ventricular escape rhythin, 115
(see also idioventricular rinythm)
third degree heart block, 140-143
ventricular fibrillation, 125-126
hyperkalemia, 152
ventricular forces, right, left, 179
ventricular hypertrophy: 178-188
biventricular, 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
gystolic pressure loading, 181-182
ventricular inherent rate, 11,20
ventricular ischemia, 5T 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









