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Preface

We take great satisfaction
in bringing the reader this convenient review of basic canine and
feline electrocardiography. It is our hope that the text will both help
the practicing veterinarian meet his day-to-day needs and stimulate
the interest of students in small animal electrocardiography. We feel
that the conciseness and clarity of this presentation has contributed

immeasurably to these ends.

We also want to acknowledge thanks to Williams and Wilkins

for permission to reuse selected illustrations from my Textbook:
Essentials of Canine and Feline Electrocardiography, Interpretation
and Treatment, 3" Edition, Lea & Febiger, 1992.

The rapid evolution of animal electrocardiography has made an
easily accessible text such as this both necessary and welcome.
Today’s ECG instruments have placed in the hands of the
veterinarian an accurate and efficient means of recording the
electrical activity of the animal’s heart. But what does the ECG
tracing mean? To own an electrocardiograph is not enough; the
veterinarian must use his ECG instrument correctly and interpret

the ECG recording accurately.
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Introduction

The goal of this book

is to provide you with fundamental information and interpretation
techniques that will help you differentiate between normal, abnor-
mal, and life-threatening electrocardiographic arrhythmias in the
dog and cat.

Even with the advent of newer technology for assessing cardiac
function, such as echocardiography, the electrocardiogram remains
the definitive tool for diagnosing arrhythmias. It is to that end
that we have focused this book. By carefully following the simpli-
fied techniques outlined here, you will easily build the foundation
for recognizing and treating most arrhythmias.

Some Helpful Hints

Scattered throughout the text you will find the following symbols
to help you focus on what is really important.

v/ This is a routine feature of the subject being discussed.
We’ve tried to narrow it down, honest.

¥ This is a salient feature. If you remember anything about
this particular subject, this is it.

We’ll use this selectively. It’s a key to understanding the
whole process of ECG interpretation.

% Stop. This doesn’t look important but it can really make a
difference when trying to sort out unusual situations.

& Something serious, possibly life-threatening will happen
if you don’t remember this. For example, this book could
blow up.
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Applications of
the Electrocardiogram

Exact diagnoses of arrhythmias heard on auscultation.
Acute onset of dyspnea.

Shock.

Fainting or seizures.

Monitoring during and after surgery (for depth of anesthesia as
well as cardiac monitoring).

All cardiac murmurs.

Cardiomegaly found on thoracic radiographs.
Cyanosis.

Preoperatively in older animals.

Evaluating the effect of cardiac drugs—especially digitalis,
quinidine, and propranolol.

Electrolyte disturbances, especially potassium abnormalities.
Periocardiocentesis, for monitoring purposes.

Systemic diseases that affect the heart (e.g., pyometra, pancreatitis,
uremia, neoplasia), with toxic myocarditis and resulting arrhythmias.

Basis for records and consultation.

AN N N N N N N Y U N U U N N

Serial ECGs as an aid in the prognosis and diagnosis of cardiac disease.



Circulation System

v/ The body depends on the heart pumping oxygenated blood
to the tissues.

v Unoxygenated blood enters the right side of the heart and is
pumped to the lungs (pulmonary circulation).

v/ From the lungs, the newly oxygenated blood enters the left side
of the heart where it is pumped to the organs and tissues via the

systemic circulation.
To the Body

To the Lungs

Pulmonary Artery.

Vena Cava
Pulmonic Valve

Right Atrium

Triscuspid Valve

Vena Cava Left Ventricle

From the Body
Right Ventricle

11
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Conduction System

Electrical impulses are transmitted through the heart via
specialized conduction cells in the following sequence:

v/ Sinoatrial node.
v/ Interatrial and internodal conduction tracts.
v/ Atrioventricular (AV) node.

v/ Bundle of His (the region of the AV node and the Bundle of
His is called the AV junction).

v/ The left and right bundle branches.
v/ Purkinje fibers.

SA Node

AV Node

Left Anterior
Fascicle

Bundle of His

. Left Septal
Flbers

Right Bundie

Branch
Purkinje Fibers

What is depolarization and repolarization?

Depolarization—heart muscle contraction in response to electrical
stimulus. Occurs when electrolytes move across the cell membrane
(sodium/potassium pump).

Repolarization—heart muscle relaxation occurs when the
electrolytes move back across the cell membrane rendering the
cell ready for the next electrical impulse.



Five Physiologic

Properties of

Cardiac Muscle
Automaticity

Sinoatrial node is the primary pacemaker of the heart, but any
cells of the conduction system can initiate their own impulses
under the right circumstances.

¥ As a rule, the further down in the conduction system the slower
the rate of automaticity.

Excitability

v/ Cardiac muscle is excited when the electrical stimulus reduces
the resting potential to the threshold potential.

v/ The degree of the resting potential within the cell determines
its excitability and obeys the “all-or-none” law.

Refractoriness

v/ Heart muscle will not respond to external stimuli during its
period of contraction.

Conductivity

v/ Activation of an individual muscle cell produces activity in the
neighboring muscle cell.

Conduction velocity varies in the different portions of the
specialized conduction system and muscle fibers.

v

¥ Velocity is greatest in the Purkinje fibers and least in the
mid-portion of the AV node.

v

Activation sequence is so arranged that the maximum mechanical
efficiency is provided from each corresponding contraction.

Contractility
v/ Occurs in response to electrical current.

¥ Remember that the ECG only measures the stimulus for
contraction—not the actual contraction itself. Echocardiography
is the tool of choice for assessing contractility.

13
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Electrocardiogram

Definition—Graphic recording of electrical potentials produced by
heart muscle during the different phases of the cardiac cycle.

v/ The voltage variations are produced by depolarization and
repolarization of individual muscle cells.

v/ Each portion of the electrocardiogram thus arises from a
specific anatomic or physiologic area of the heart.

Q S

P wave—corresponds to atrial depolarization or contraction.
P waves can be positive, negative, or biphasic depending on the
lead (we'll explain leads just a little later).

QRS waves—correspond to ventricular depolarization or
contraction.

Q wave is the first negative deflection.

R wave is the first positive deflection.

S wave is the negative deflection that follows the R wave.
T wave-represents ventricular repolarization or relaxation.

T waves can be positive, negative or biphasic.

% Every QRS complex has to have a T wave following it.



What is a Lead, anyway?

v/ Lead systems allow you to look at the heart from different
angles. Each different angle is called a lead. The different leads
can be compared to radiographs taken from different angles,
such as lateral and dorsoventral thoracic radiographs taken for
evaluation of cardiac chambers.

¥ Each lead has a positive and negative pole attached to the
surface of the skin, which can then be used to measure the
spread of electrical activity within the heart.

Upward deflection on the ECG—is produced when electrical
impulses travel towards a positive electrode.

Downward deflection on the ECG—is produced when electrical
impulses travel towards a negative electrode.

Flat line (isoelectric line)—is produced when there is no electrical
spread through the heart, or if the electrical forces are equal.

e®@ eg@ e®@ e®@ e®@
R o

v/ To determine the mean electrical axis (useful in assessing cardiac
chamber size) it is necessary to run the 3 standard bipolar leads as
well as the 3 augmented unipolar limb leads.

Lead I-right arm (-) compared to left arm (+)
Lead Il-right arm (-) compared to left leg (+)
Lead IlI-left arm (-) compared to left leg (+)

aVR-right arm (+) compared to a point halfway between left arm
and left leg (-)

aVL—left arm (+) compared to a point halfway between right arm

and left leg (-)

aVE-left leg (+) compared to a point halfway between left arm
and right arm (-)

¥ The good news is that we only need to use lead II to assess
arrhythmias.



Generation of
the Electrocardiogram

The following illustrations depict the genesis of the ECG on
the basis of:

v/ Initiation of the impulse in the primary pacemaker
(sinoatrial node).

v/ Transmission of the impulse through the specialized
conduction system of the heart.

v/ Activation or depolarization of the atrial and
ventricular myocardium.

v/ Recovery or repolarization of the preceding three areas.




Electrogardio raphic
Recording Technique

Patient cable—a single lead or 6-lead patient cable can be attached
to a hand-held recorder/monitor or any standard ECG strip chart
recorder, and the ECG can be recorded with the patient in lateral
or standing position. The electrode clips are attached directly to the
skin and moistened with alcohol or gel to assure good contact.

v Record lead 11 for 30-60 seconds at 25 mm/sec to assess
arrhythmias

v/ Record a brief tracing at 50 mm/sec for ease of measurement of

P-QRS-T waveforms.
v/ While the ECG is recording the following should be observed:

1. Center the recording on the paper so that both the
top and bottom of the waveforms can be seen. Adjust
the position control if the tracing wanders.

2. Decrease the sensitivity to 2 cm = 1 mv if the QRS
complexes go off the paper.

3. Increase the length of the tracing if an arrhythmia
is seen.

4. R waves should be positive on lead I. If negative,
check the lead wires to determine whether they are
attached to the correct limbs. If connections are correct,
then a true abnormality exists.

17
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Electrocardiographic
Recording Technique (continued)

Direct chest placement—a hand-held ECG recorder/monitor allows
direct chest placement.

v/ Wet the animal’s coat with alcohol or place gel on the electrode
plates, and then position the unit on the chest.

v/ The tracing is seen on the monitor and stored for printing later
with one of the following options:

1. Strip printer.
2. Printer interface to a standard inkjet printer for a plain paper printout.

3. Direct download to PC computer program.



ECG Paper &

Standardization

T |
|

1 cm = 1 mv calibration signal

? \\\

H R

[} \\
I \
]

0.5 mv ) ?
: 1mm = 0.1 mv
; :
H v
| - 0.02
V second

<— 0.10 second —»

Standardization Signal

v/ Without a standardization signal, the ECG paper is merely
graph paper. By entering a signal, you place value on each of
the smallest squares.

At 1 cm = 1 mv each tiny square represents 0.1 mv in height
(amplitude) and 0.02 seconds in width (duration) at a paper
speed of 50 mm/sec. It wouldn’t be such a bad idea to memorize

this.

v/ The calibration signal can be changed, if necessary, to affect the
amplitude only. If the complexes are very tall and extend
beyond the margins of the paper, the signal can be reduced
to 0.5 cm = 1 mv. With very small amplitude complexes, the
standardization can be increased to 2 cm = 1 mv and the height
of the complexes will increase accordingly.

Time markings—ECG paper also has time markings in the margin
every 1.5 sec at 50 mm/sec. An example of the time markings is
shown in the section on calculating heart rate.

All ECGs in this book will be at a paper speed of 50 mm/sec and

at a calibration of 1 cm = 1 mo.

19
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Calculating
the Heart Rate

The heart rate (beats/minute) can be calculated easily by:

1.Using the ECG ruler on the next page. The ruler
allows you to use 25 mm/sec or 50 mm/sec paper speed.

2. Or, by counting the number of beats (R-R intervals)
between two sets of marks in the margin of the ECG paper
(3 seconds at 50 mm/sec) and multiplying by 20.

A
|

* 3 seconds at 50mm/sec *

Normal feline ECG: 11 beats X 20 = 220 beats/minute

Regardless of which system you use it is important to know the correct
paper speed!
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Measuring the POQRS-T

P wave—represents depolarization of the atria, and its duration
indicates the time required for an impulse to pass from the
sinoatrial (SA) node to the atrioventricular (AV) node.

v/ The normal P wave on lead II is small, positive and rounded.

v’ It is measured from the upper edge of the baseline to the top
of the P wave.

v/ The width of the P wave is measured at its inside, from the start
to the end of the deflection from the baseline.

A\

o—o

P-R interval—reflects activation of the AV junction.

v/ It is measured from the beginning of the P wave to the
beginning of the QQ wave (R wave, if no Q wave is present).

N

QRS complex—represents depolarization of the ventricles.

v The width of QRS complex is measured from the beginning
of the first deflection to the end of the final deflection of
the complex.

0 R




Measuring the P-QRS-T (continued)

v/ The height of the R wave is measured from the top edge of the
baseline to the peak of the R wave.

v/ The depth of the Q or S wave is measured from the bottom edge
of the baseline to the lowest part of the Q or S, respectively.

S-T segment-represents the time interval from the end of the
QRS interval to the onset of the T wave, the early phase of ven-
tricular repolarization.

v/ It may be above, at, or below the level of the baseline.

v/ Only significant elevations or depressions from baseline should
be considered abnormal.

HT

\/

T wave—is the first major deflection following the QRS complex
and represents repolarization of the ventricles.

v/ It may be positive, notched, negative, or diphasic.
v/ T wave should be less than 25 % of the QRS amplitude.

Q-T interval—is the summation of ventricular depolarization and
repolarization and represents ventricular systole.

v' Q-T interval is measured from the onset of the Q wave to the
end of the T wave.

v/ The Q-T interval alone in veterinary medicine is not often
helpful in diagnosis.

23
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Canine ECG

Normal Values*

Rate
70 to 160 beats/min for adult dogs
60 to 140 beats/min for giant breeds
Up to 180 beats/min for toy breeds
Up to 220 beats/min for puppies

Rhythm
Normal sinus rhythm/Sinus arrhythmia
Wandering sinus pacemaker

P wave
Width: maximum, 0.04 sec (2 boxes wide)
maximum, 0.05 sec (2% boxes wide) in giant breeds

Height: maximum, 0.4 mv (4 boxes tall)

P-R interval
Width: 0.06 to 0.13 sec (3 to 6% boxes)

QRS complex
Width: maximum, 0.05 sec (2% boxes) in small breeds
maximum, 0.06 sec (3 boxes) in large breeds

Height of R wave: maximum, 3.0 mv (30 boxes) in large breeds
maximum, 2.5 mv (25 boxes) in small breeds

S-T segment
No depression: not more than 0.2 mv (2 boxes)
No elevation: not more than 0.15 mv (1% boxes)

T wave
Can be positive, negative, or diphasic
Not greater than ¥4 amplitude of R wave

Q-T interval
Width: 0.15 to 0.25 sec (7% -12Y% boxes) at normal heart rate

0.1 sec. 0.02 sec.
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Feline ECG

Normal Values*

Rate
120 to 240 beats/min

Rhythm

Normal sinus rhythm
Sinus tachycardia (physiologic reaction to excitement)

P wave
Width: maximum, 0.04 sec (2 boxes wide)
Height: maximum, 0.2 mv (2 boxes tall)

P-R interval
Width: 0.05 to 0.09 sec (2% to 4Y5 boxes)

QRS complex
Width: maximum, 0.04 sec (2 boxes)

Height of R wave: maximum, 0.9 mv (9 boxes)

S-T segment
No depression or elevation

T wave
Can be positive, negative, or diphasic; most often positive
Maximum amplitude: 0.3 mv (3 boxes)

Q-T interval
Width: 0.12 to 0.18 sec (6 to 9 boxes) at normal heart rate

0.1 sec. 0.02 sec.
[} ] (]
| | [
[ j _—
I lL ]r
oimv {__ J{ R Io.smv
]
L T -
EERNY o] ]
fefe] M 4EN - ©
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*Lead II: 50 mm/sec, 1 cm = 1 mv
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Quick & Dirty Guide
to ECG Enlargements

& Bundle Branch Block

R wave increased in

amplitude = Left
Ventricular Enlargement

R wave increased in
duration = Left
Bundile Branch Block

-

P wave increased in
amplitude or duration
= Atrial Enlargement

S wave increased in \

amplitude = Right
Ventricular Enlargement S wave increased in
duration = Right
Bundle Branch Block

S



Classification of
Arrhythmias

Definition of Arrhythmias:
1. An abnormality in the rate, regularity, or site of origin
of the cardiac impulse.
2. A disturbance in conduction of the impulse such that the
nlormeill sequence of activation of the atria and ventricles is
altered.

Classification of Arrhythmias
Abnormalities of impulse formation or impulse conduction are the
basis for the following classification:

Normal sinus impulse formation
Normal sinus rhythm
Sinus arrhythmia

Disturbances of sinus impulse formation
Sinus bradycardia
Sinus tachycardia

Disturbances of supraventricular impulse formation
Actrial premature complexes
Actrial tachycardia
Actrial fibrillation
Atrioventricular junctional premature complexes
Atrioventricular junctional tachycardia

Disturbances of ventricular impulse formation
Ventricular premature complexes
Ventricular tachycardia
Ventricular asystole
Ventricular fibrillation

Disturbances of impulse conduction
Sinus arrest or block
Sick sinus syndrome
Atrial standstill
Ventricular pre-excitation
First-degree atrioventricular block
Second-degree atrioventricular block
Third-degree atrioventricular block
Left bundle branch block
Right bundle branch block

27
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Building Blocks
for Arrhythmia
Interpretation

There are two basic building blocks for placing an arrhythmia with-
in the classification presented earlier.
v/ Recognizing the site of origin of the abnormal beat.

v/ Recognizing deviations from the normal rate of automaticity for
that site.

1. Site of origin
Three different sites can be identified on lead II by the following
features:

Atrial—positive deflection P waves are present with a constant
P-R interval and a normal duration QRS complex.*

v/ Ectopic atrial origin beats have all the same features as a
normally conducted SA nodal origin beat. The primary
difference lies in the timing.

Junctional-negative deflection P waves, or no P waves, with a
normally conducted, short-duration QRS complex.*

4k

Ventricular—no P waves are evident. QRS complexes are wide
and bizarre appearing and may be positive or negative polarity,
depending on which ventricle is the site of origin.

Ay

*If a bundle branch block is present, QRS complexes will have
prolonged duration and poor morphology.



Building Blocks for Arrhythmia

Interpretation (continued)

2. Intrinsic rates of automaticity

Actrial, junctional, and ventricular sites each have a normal rate
of automaticity (the ability to initiate impulses), but may
respond in the following abnormal ways:

Too fast (tachycardia)
Too slow (bradycardia)
Too irritable (premature)

Absent (block)
¥ Normal pacemaker rates in the dog:

Atrial Conduction
Sinoatrial Node Tissue

70-160 bpm

Atrioventricular
Junction (AV Node-
His bundle region)
40-60 bpm

Ventricular Conduction
Tissue (Bundle branches
& Purkinje fibers)

20-40 bpm

v/ In cats, the SA nodal/atrial intrinsic rate of automaticity is
120-240 bpm, with the normal junctional and ventricular sites
having proportionately slower rates.

v/ Passive arrhythmias (escape rhythms)—rates slower than the SA
node occur because of SA nodal depression, allowing “escapes”
of other pacemakers from its influence.

v/ Active arrhythmias—occur when a normally functioning
SA node is not able to act as the pacemaker because other
pacemakers are abnormally forming impulses at a faster rate.
v/ Both passive and active arrhythmias may be intermittent or

persistent, repetitive, or occurring in varying combinations.

Rule of thumb: Whichever site is fastest will drive the heart!

29
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Interpreting
Ar rhythm1as —the Easy Way

Arrhythmias can be intimidating. Therefore, it is important that we
find a simple approach for analyzing rhythm strips. Systematically
following the five-step method outlined below has proven to be
both easy and effective.

Step 1. Calculate the heart rate

v/ Decide whether the heart rate is rapid, slow, or normal.
Here’s your chance to try that new ECG ruler.

Step 2. Assess the rhythm

v/ Scan the strip from left to right, noting if the R-R intervals
are regular or irregular.

v/ A caliper is a handy tool for plotting P-P and R-R intervals.
|

O O]

Step 3. Identify the P waves

v/ Normal P wave (positive and rounded on Lead II)—indicates
that the impulse is originating in the SA node.

v/ P wave that differs from normal in shape and is upright—may
represent an ectopic pacemaker in the atrium.

v/ P waves that are inverted—on lead 11, indicate that the impulse
was formed in or near the atrioventricular junction.

v/ Absence of P waves—signifies atrial fibrillation, atrial standstill,
or buried P waves in QRS complexes of AV junctional rhythms.

v/ P waves can be superimposed—on a portion of the QRS complex,
S-T segment, or T wave of the preceding cardiac cycle in
various supraventricular tachycardias.



Interpreting Arrhythmias—
the Easy Way (continued)

Step 4. Assess QRS shape and duration

v/ Normal duration QRS complexes—identical to those recorded
before an arrhythmia, indicate normal activation of the
ventricles. These complexes are either formed in the SA node
or from an abnormal site anywhere above the bundle of His.

v’ Wide QRS complexes—with various configurations indicate an
ectopic pacemaker below the bundle of His (ventricular) or a
lesion in the intraventricular conduction system (bundle

branch block).

Step 5. Relationship between P waves & QRS complexes
v Normally, there should be one P wave for every QRS complex,
with a constant P-R interval.
P waves may precede normal QRS complexes by different
time spans.

Long P-R intervals—indicate an AV conduction delay

(1° AV block).

Short P-R intervals—are seen with accessory conduction
around the AV node, or in AV junctional rhythms in
which the P wave is positioned close to the QRS
complex.

P wave not followed by a QRS complex—an AV block
(2° AV block) has occurred. If the P-R interval
lengthens gradually until a P wave occurs without a
succeeding QRS complex, another form of 2° AV block
has occurred.

P-R intervals vary—in 3° AV block the relationship of
the atria and ventricles is interrupted. One impulse
forming site is the SA node; the other is an
independent ventricular escape rhythm.

Last step: Name that arrhythmia
v/ Place the arrhythmia within the classification.

v/ The best name for an arrhythmia always identifies exactly which
part of the heart is not working properly.
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Section Z

Electro- ™
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Examples

Normal Sinus Impulse Formation

v/ Normal Sinus Rhythm
v/ Sinus Arrhythmia

Disturbances of Sinus Impulse Formation

v/ Sinus Bradycardia
v/ Sinus Tachycardia
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Section Z
Electro- e
cardiographic
Examples

Disturbances of Supraventricular
Impulse Formation

v/ Atrial Premature Complexes
v Atrial Tachycardia
v Atrial Fibrillation

v/ Atrioventricular Junctional
Premature Complexes

v Atrioventricular Junctional Tachycardia
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Section Z

Electro- s
cardiographic

Examples

Disturbances of Ventricular
Impulse Formation

v/ Ventricular Premature Complexes
v Ventricular Tachycardia

v/ Ventricular Asystole

v Ventricular Fibrillation
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Section 2

Electro-
cardiographic
Examples

Disturbances of Impulse Conduction

Sinus Arrest or Block

Sick Sinus Syndrome

Atrial Standstill

Ventricular Pre-Excitation
First-Degree Atrioventricular Block
Second-Degree Atrioventricular Block
Third-Degree Atrioventricular Block
Left Bundle Branch Block

Right Bundle Branch Block

DA A N N N N N NN
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The

Secret to
Atrioventricular

Blocks

First-Degree AV Block—

“All” of the beats go through the AV node
(but with delayed conduction)

Second-Degree AV Block—

“Some” of the beats go through

Third-Degree AV Block—
“None” of the beats go through

13
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Section Z

Ele CLtro- : m..,, |

cardiographic
Examples

Escape Rhythms

v Junctional Escape Rhythms
v Ventricular Escape Rhythms
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Section Z

Electro-
cardiographic

Examples

Miscellaneous Disturbances

v/ Pericardial Effusion (low voltage QRS

complexes and electrical alternans)
v ST Segment and T Wave Changes
v/ Artifacts
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