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The electrocardiogram records the electrical impulses that stimulate the heart
o contract,

e information recorded on the EKG represents the

= ! impulses from the heart. electrical
“ost of the electrical impulses represent various stages of
nrdiac stimulation
NOTE: The EKG also yields valuable information on the
heart during resting and recovery phases.
“When the heart muscle is electrically stimulated, it
T ——— contracts

NOTE: The main purpose of this illustration is to
familiarize you with the diagramatic cross section of the
heart which will be used continuously throughout this
book. You probably could have recognized the various
chambers without the,labels, but I added them anyway.
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Muscle cells of the heart are charged or polarized in the resting state, but
when they depolarize, this electrical stimulus causes their contraction.

In the resting state the cells® of the heart are polarized, the

inside of the cells being charged. negatively

NOTE: In the strictest sense, a resting, polarized cell has a
negatively charged interior and a positively charged
surface. For the sake of simplicity we will consider only
the inside of the myocardial cell.

The interiors of the myocardial cells, which are usually
negatively charged, become -ly charged as positive
the cells are stimulated to contract.

The electrical stimulation of the heart’s muscle cells is

called "depolarization” and causes them to
contract

“I'he muscle cells of the heart are often referred to as "myocardial™ cells, and collectively they are
called the myocardium.



Thus a progressive wave of stimulation (depolarization) passes through the
heart causing contraction of the myocardium.

I'liis depolarization may be considered an advancing wave of
charges within the cells. positive

NOTE: Depolarization stimulates the myocardial cells to
contract as the charge within each cell changes to positive.

I'he electrical stimulus of depolarization causes progressive
contraction of the cells as the wave
of positive charges advances down the interior of the cells.

myocardial
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Repolarlz“h"

Depo'arizatIOn

The wave of depolarization (cells become positive inside), and the phase of
repolarization (cells return to negative) which follows, are recorded on the

EKG as shown.

The stimulating wave of depolarization charges the interior

of the myocardial cells -ly and stimulates positive
them to contract.
But during the phase of the repolarization

myocardial cells regain the negative charge within each
cell.

NOTE: Repolarization is a strictly electrical phenomenon,
the myocardial cells do not respond to repolarization.

and depolarization
, are repolarization

Myocardial stimulation, or

the recovery phase, or
recorded on the EKG as shown.
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As this electrical activity passes through the heart, it can be detected by

external (skin) sensors and recorded as an EKG.

-

e L &l . -
NOTE: These skin sensors are often called “electrodes.”

! S P—r
oth depolarization and repolarization are
— phenomena.

I'he electrical activity of the heart may be detected and
w-l-u_rded from the surface by sensitive monitoring
rpnipment.

e EKG records the electrical activity of the heart from
clectrode — placed on the skin.

mn

electrical

skin

5ensors
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on EKG

As the positive wave of depolarization within the heart cells moves toward a
positive (skin) electrode, there is a positive (upward) deflection recorded on

EKG.

An advancing wave of depolarization may be considered a
movingwaveof _____ charges.

When this wave of positive charges is moving toward a
positive ______ electrode, there is a simultaneous upward
deflection recorded on EKG.

When there is a depolarization stimulus moving toward a
positive skin electrode, a (upward) wave is
recorded on the electrocardiogram.
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SA Node

“Sinug Node™

The SA Node begins the electrical impulse which spreads outward in wave
fashion, stimulating both atria to contract.

NOTE: The SA Node ("Sinus Node") is the heart's natural
pacemaker, so its pacing activity is known as a "Sinus
Rhythm".

I'he SA Node, located within the upper-posterior wall of the
vight , initiates the electrical impulse for atrium
cardiace stimulation.

I'his wave of depolarization proceeds outward from the SA
Mode and stimulatesboth________ to contract. atria

\s this depolarization wave passes through the atria, it
produces a concurrent wave of atrial
N N e contraction

NOTE: The electrieal stimulus originating in the SA Node
proceeds away from the Node in all directions, If the atria
were a pool of water and a pebble dropped at the SA Node,
an enlarging circular wave would spread out from the SA
Node. This is the manner in which atrial depolarization
proceeds away from the SA Node. Remember that atrial
depolarzation is a spreading wave of positive charges
within the myocardial cells.
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This electrical impulse spreads through the atria and yields a P wave on the
EKG.

The wave of depolarization sweeping through the

can be picked up by the sensitive skin sensors.

This atrial stimulation is recorded as a

The P wave represents atrial
electrically.

13
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'I':II:IS the P wave represents the electrical activity of the contraction of both
atria.

\s the wave of depolarization passes through both atria,
(here is a simultaneous wave of atrial
contraction

‘-:nllhehl) wave represents the depolarization and contraction
of bot i
————— atria

NOTE: ’]n t_‘ealily contraction lags slightly behind
depolarization, but we will consider both to be oceurring
simultaneously.

14
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AV Node

Depelarization
sLOWmS
d o wan

The impulse then reaches the AV Node where there is a brief pause, allowing
blood to enter the ventricles.

This stimulating wave of depolarization eventually reaches

the AV Node

Once the AV Node is stimulated, there isa pause
before the impulse of depolarization can completely

penetrate through the AV Node (because the stimulus of

depolarization slows within the AV Node).

This brief pause allows the blood from the atria to pass
through the AV valves® into the ventricles

NOTE: At this point we are correlating these electrical
phenomena with the mechanical physiology. The atria
contract forcing blood through the AV valves, but it takes
a little time for the blood to travel through the valves into
the ventricles (thus the pause which produces the short
piece of flat baseline after each P wave).

*There is a (one-way) AV valve between each atrium and its associated ventricle. These valves ullow
the blood to pass only from the atria to the ventricles, therefore hackflow is prevented.

15
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Altl'mugh .depulm'ization slows within the AV Node, this stimulus of
depolarization proceeds rapidly down the His Bundle into the Bundle Branches.

Although the stimulus is retarded in passage through the
AV Node, this depolarization stimulus continues through

the _ _rapidly. His Bundle

This electrical stimulus passes slowly through the AV Node,
then rapidly down the His Bundle to the Left and Right

Branches. Bundle
After the stimulus has rapidly progressed through the His
B‘undlle and the Bundle Branches, depolarization can be
distributed to the myocardial cells of the

o ventricles

NOTE: The His Bundle (bundle of His), which extends
down from the AV Node, divides into Right and Left
Bundle Branches within the interventricular septum.

16

él

T

b

BASIC

ie*"‘c“

e

;

QRS
complex

The electrical stimulus is distributed via the terminal Purkinje fibers to the

ventricular myocardial cells, and it is the depolarization of the myocardial
cells which produces a[QRS complexjon EKG tracing.

NOTE: The ventricular conduction system is composed of
specialized nervous tissue which rapidly carries the

electrical impulse (depolarization) away from the AV Node.
The ventricular conduction system consists of the His

Bundle, and the Right and Left Bundle Branches

terminating in the fine Purkinje fibers. Depolarization

moves much more rapidly through this specialized nervous
tissue than is possible through the myocardial cells alone.
The [rapid] passage of the stimulus down the ventricular ] ‘.

p ction system does nof record on 5 =
—_,__-—--————_'-___-___"__-__"-—-_____'-—‘

Once an electrical impulse emerges from the AV Node, it
progresses rapidly through the His Bundle to the Right and
Left Bundle Branches into the fibers
which terminate in the ventricular myocardial cells.

Purkinje

The QRS complex represents ONLY the depolarization of
_ng&ﬁ_

the myocardial of the ventricles. cells
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Parkin)
'ihl!.ll

Ventricular Contraction

QRS

Iluc\trunsmil the electrical impulse (depolarization) to the

myocardial cells, Tausing ventricular contraction, and producing a QRS complex
3

i the tracing.
“_W

I'he line Purkinje fibers transmit this
timulus directly to the myocardial cells.

I'Tus the impulse transmitted to the ventricular myocardial
colls causes contraction of the and
iodices a QRS complex on the tracing.

NOTE: The QRS complex on an EKG represents the
hegm_mng of ventricular contraction. The physical act of
ventricular contraction actually lasts longer than the QRS
complex, but we will consider the QRS cdmplex to I
represent ventricular contraction. So the QRS complex
represents depolarization of the ventricules, which causes
ventricular contraction. Still with me?

18
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The @ wave is the first downward stroke of the QRS complex, and it is
followed by the upward R wave. The Q wave is often not present.

The Q wave is a wave which moves on downward

the tracing.

The Q wave, when present, occurs at the
of the QRS complex and is the first

downward deflection of the complex.

beginning

The downward Q wave is followed by an upward R
wave.

NOTE: If there is any upward deflection in a QRS complex
that appears before a "Q" wave, it is not a Q wave, for by
the definition the @ wave is the first wave of the QRS
complex. The Q wave is always the first wave in the
complex when it is present.
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The upward R wave is followed by a downward S wave. This total QRS
complex represents the electrical activity of ventricular depolarization.

e first upward deflection of the QRS complex is the

\ny downward stroke PRECEDED by an upward stroke is

an

'he complete QRS complex can be said to represent
depolarization (and the
initiation of ventricular contraction).

NOTE: The upward deflection is always called an R wave.
Distinguishing the downward Q and S waves really
depends on whether the downward wave occurs before or
after the R wave. The Q occurs before the R wave and the
S wave is after the R.

20
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Name each of the above numbered waves.

NOTE: Number 4 was a little unfair. Because there is no
upward wave, we cannot determine whether number 4 is a
Q@ wave or an S. Therefore it is called, appropriately, a @S
wave and is considered to be a Q wave when we look for

1 Q’s.

21
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ST T

SEGMENT

The T wave represents repolarization of the ventricles so they may be

There is a pause after the QRS complex, then a T wave appears.
stimulated again.

Thereisa_ after the QRS complex. pause
The T wave represents ventricular
The . [ repolarizali
T'his pause is the o ST segment repolarization
e Ty Repolarization occurs so that the myocardial cells can
EIOTlh This ST segment, which is merely the flat piece of regain the negative charge within each , so they cell
aseline bet\:\reen the QRS complex and the T wave, is can be depolarized again.
pretty darn important as you will soon see.
o ) NOTE: The ventricles have no physical response to
:‘: if:.‘;rt thﬁj%R_s ‘é"fnp]ex there is a (usually flat) ST repolarization. This is strictly an electrical phenomenon
segment which is followed by the wave. T recorded on EKG. The atria also have a repolarization
wave which is very small and usua ost within the QRS
1 complex and therefore not seen ordinarily.
i e e b
]
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Vemiricnlar

Repolarization

One cardiac cycle is represented by the P wave, QRS complex, and T wave.
This cycle is repeated continuously.

Atrial depolarization and contraction is represented by the
___ wave. P

Ventricular depolarization and contraction is represented by

the — QRS complex

NOTE: Physiologically a cardiac cycle represents atrial
systole (atrial contraction), ventricular systole (ventricular
contraction), and the resting stage that follows.

BASIC

one mm,

e PR
e T one mm

The EKG is recorded on ruled (graph) paper. The smallest divisions are one
millimeter squares.

The electrocardiogram is recorded on a long strip of

paper. ruled (or graph)

one millimeter

The smallest divisions are

long and high., one millimeter
There are __small squares between the heavy five
black lines.

NOTE: This strip of graph paper moves leftward under the
recording needle, and similarly on cardiac monitor the
display moves leftward.

25
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3 mm high

I'he height and depth of a wave are measured in millimeters and this

represents a measure of vollage,

I'he height or depth of waves may be measured in

I'he height and depth of waves measure the

I_hf.-' elevation or depression of segments of baseline is
similarly in millimeters® just as we
measure waves,

Millimeters is abbreviated mm.

e

millimeters 1
voltage

measured
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Posi}:lve

Negative

Upward deflections are called "positive” deflections. Downward deflections
are called "negative” deflections on EKG's.

Positive dellections are on the EKG. upward

Negative deflections are on the EKG. downward

NOTE: When a wave of stimulation (depolarization)
advances toward a positive skin sensor (electrode), this
produces a positive (upward) deflection on EKG. You will
recall that depolarization is an advancing wave of positive
charge within the cells. So with depolarization the
advancing wave of positive charge creates a positive
deflection on EKG when this wave is moving toward a
positive skin sensor. Be Positive! (If you're still a little
shaky on this point return to page 11 momentarily.)
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.04 Sec.

—.2 SeC, m——
TIME )

I'he horizontal axis represents time.

I he amount of time represented by the distance between
the heavy black® lines is

.2 of a second
(2/10 of a second)

I'here are
lines.

small squares between the heavy black five

IZach small division (when measured horizontally between
the fine lines) represents .04 of a second
(that's 4

hundredths!)

IG paper is now printed in a variety of colors, so the heavy lines may not be black.

s
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ﬁ Sec.

.16 Sec.

By measuring along the horizontal axis, we find the duration of any part of
the cardiac cycle.

The duration of any wave may be determined by measuring

along the horizontal axis

second. 16

Four of the small squares represent
(16 hundredths)

The amount of graph paper which passes under a point in
.12 second is small squares. (You don’t have to three

be a mathematician to read EKG’s.)

P 0.419— O Zsec

\v =

QLS
d(ate

£ 0.4%Lsec
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Limb Leads Chest Leads
I - V. e
o~ S R
AVRTTT T VL]
AVLF o i e
AVF ———— Ve e

The standard EKG is composed of 12 separate leads".

The standard EKG is composed of six ____________leads chest
and six ________leads. limb

l'.\‘OTE: Leads not considered "standard” can be monitored
from various locations on the body.

‘Rhiymes with seeds.

30
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To obtain the limb leads, electrodes are placed on the right and left arms and
the left leg forming a triangle (Einthoven’s)®,

By placing electrodes on the right and left arms and the left
leg, we can obtain the ___ leads. limb

The placement of these electrodes forms a
triangle

NOTE: The electrocardiogram was historically monitored
by using these three locations for the electrode sensors.

*After Dr. Willem Einthoven who invented the EKG machine in 1901,

31
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s E EADI]

Fach side of the triangle is formed by two electrodes and represents a limb
lead. By using a different pair of electrodes for each lead, this makes three

separate limb leads (lead I, lead 11, and lead I1I) for monitoring,

\ pair of electrodes forms a limb

These leads consist of a pair of electrodes, one is always
positive, and oneis ________ so they are
sometimes called "bipolar” limb leads.

l.ead T is horizontal and the left arm sensor is
while the right arm sensor is

NOTE: The engineering wonders of the EKG machine
permit us to make any skin sensor positive or negative
depending on which pair of electrodes (i.e., lead) the
machine is monitoring.*

When we consider lead 111, the left arm sensor is now
and the left leg sensor is

lead

negative

positive
negative

negative
positive

In reality, an electrode sensor is placed on the right leg as well for EKG monitoring. This helps

tabilize the tracing.

32
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By pushing these three limb leads to the center of the triangle, we have three
intersecting lines of reference,

The triangle has a center and each________ may be moved lead
to that center point.

By pushing limb leads I, I, and III to the center of the

triangle, three intersecting lines of reference
are formed.
Although the leads are moved to the of the center

triangle, they remain at the same angle. (It's still the same
leads yielding the same information.)

33
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L. Foot

Lead AVF

Another lead is the AVF lead. The AVF lead uses the left Foot as positive
and both arm electrodes as a common ground (negative). Lets forget the right

ot for now.

I AVF lead uses the left Foot as

Ihe right armand leftarm _ are
“hanneled into a common (negative) ground.

NOTE: Dr. E. Goldberger who introduced the "Augmented”
limb leads, discovered that in order to monitor a lead in
this manner he had to amplify (Augment) the Voltage in
the EKG machine to get a tracing of the same magnitude
as leads I, II, and III. He named the lead A (Augmented),
V (Voltage), I (left Foot), and he also created two more
leads using the same technique,

ASIDE: Your deductive mind will tell you that lead AVF
is a mixture of leads Il and II . . . just what Dr.
Goldberger was trying to accomplish. Therefore
lead AVF is a cross between (and oriented
between) those two bipolar leads. Now let's create
two more Augmented leads.

|

positive

SeNsors
(electrodes)

The remaining two augmented limb leads, AVR and AVL, are obtained in a
similar manner (still forgetting the right foot sensor).

To obtain the AVL lead, the left arm electrode sensor is L
, the other two sensors are negative. positive

For the AVR lead the ____ arm sensor is positive, Right
while the remaining sensors are negative.

NOTE: The right foot sensor is never connected wi'thin the
EKG machine for "Augmented” leads, but it does
have a sensor wire attached.

NOTE: AVR—Right arm positive
AVL—Left arm positive
AVF—Foot (left foot) positive )
(These augmented limb leads are sometimes called
the “unipolar” limb leads, stressing the importance
of the positive electrode.)
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AVF

Six Intersecting
Limb Leads

All six limb leads, 1, 11, 11I, AVR, AVL, and AVF meet to form six neatly

The AVR, AVL, and AVF limb leads intersect at different angles and
intersecting reference lines which lie in a flat plane on the patient’s chest.

produce three other intersecting lines of reference.

AVR, AVL, and AVF are also leads. limb The six limb leads are I, II, 111, and AVR, AVL
AV
I'hese leads : . at 60 degree angles, but intersect
:}re angles differ from those formed by bipolar limb leads I, If the intersecting leads I, II, and III are superimposed over
. and L. leads AVR, AVL, and AVF, we have_______ neatly fix
intersecting leads (one every 30 degrees).
l.lez{dﬁ AVR, AVL, and AVF intersect at ____ angles
r.hﬂerent from leads I, II, and I1I (and they split the angles : These limb leads may be visualized as lyingina flat
formed by I, 11, III). plane over the patient’s chest. .

NOTE: The flat plane of the limb leads is known as the
frontal plane, if anyone asks you.

e e
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Each limb lead records from a different angle, thus each lead (I, II, I1I, AVR,

AVL, and AVF) is a different view of the same cardiac activity.

The EKG records the same cardiac___________in
vach lead.

The waves look different in the various leads because the
electrical activity is monitored from a different
for each lead.

NOTE: Remember that the electrical activity never
changes, but the electrode positions are different for each
lead, so the tracing changes slightly in each lead as we
change the angle from which we monitor the cardiac
activity. Keep in mind the fact that the wave of
depolarization is a progressive wave of POSITIVE charges
passing down the interior of the myocardial cells. If a
depolarization wave moves toward a POSITIVE electrode
sensor, this describes a POSITIVE (upward) deflection on
the tracing for that particular lead. (A little repetitious,
but this point should be stressed.)

activity

position
{tor angle)

BASIC

It is important for you to visualize the intersecting limb leads. Why? Can you
identify this car?

NOTE: This page sure seems empty doesn't it?

NOTE: Automobile experts are encouraged not to recognize
the car for the sake of understanding the analogy.
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If you observe this same object from six different reference points, you will

recognize the car.

NOTE: Observation from six angles is better than one.
Thus monitoring cardiac electrical activity from six
different angles gives us a much greater perspective. At
this point you may take a sip of coffee and relax. Enjoy the
automobile display before proceeding. The car, by the way,
is a 1965 Thunderbird, The driver is not identified.

NOTE: You can’t see the car’s back bumper in the picture
at top left. But with progressively different views you can
tell more about the back bumper (or even the driver if you
prefer). Similarly you may not be able to see a certain
wave in a given lead, but with six different limb lead
positions it should show up better in some leads.

40
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To obtain the six chest leads, a positive electrode is placed at six different

positions around the chest.

The six chest leads are monitored from six progressively
different positions on the

In all of the chest leads, the electrode sensor placed on the
chest is considered . (This e%egtmde isa
suction cup which is moved to a different position on the
chest for each different chest lead.)

The chest leads are numbered from V, to Vg and move in

successive steps from the patient’s —__ to his
side. Notice how the chest leads cover the heart

in its anatomical position within the chest.

NOTE: Because the electrode sensor for the chest leads is
always POSITIVE, a depolarization wave moving toward a
given chest sensor produces a POSITIVE (up»\_rard)
deflection in that chest lead on the EKG tracing.

41l
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The chest leads® are projected through the AV Node towards the patient’s

back, which is the negative end of each chest lead.

The skin sensor for each of the chest leads is always
considered {(positive or negative).

If' leads V, through V; are assumed to be the spokes of a
wheel, the center of the wheel is the

Lead V, deseribes a straight line from the front to the
— of the patient. The patient’s back is negative

in V.

NOTE: The plane of the chest leads cuts the body into top
and bottom halves and is called the horizontal plane.

"The chest leads (also called the "precordial” loads) were introduced by Dr. F. N. Wilson.

positive

AV Node

back
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The EKG tracing will thus show progressive changes from V, to V.

(he. ntioe el )

NOTE: When observing the chest leads from V, to Vy, one
will notice gradual changes in all the waves (as the
position of each lead changes).

Considering chest lead V,, the QRS complex is mainly
(positive or negative) normally (i.e.,
mainly above or below baseline).

In chest lead Vi the QRS complex is usually
(positive or negative).

This means that the (positive) wave of ventricular ‘
depolarization (represented by the QRS complex) is moving
(toward or away from) the POSITIVE chest

electrode of lead V. (Make certain that you understand this
concept. If not, check page 11.)

43
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Leads V, and V, are placed over the right side of the heart, while Vs and V, Leads V., and V, are located over the interventricular septum
3 4 g

are over the left side of the heart.

~ Leads V, and V, are located generally over the
. septum

Leads V, and V, are called the " ” chest leads. right interventricul
interven ar

NOTE: The interventricular septum is a common wall
shared by the Right and Left Ventricle. In this area the

The two leads over the left side of the heart are
His Bundle divides into Right and Left Bundle Branches.

—_and (and are called the "left" leads). V; and Vg

A depolar_ization wave moving toward the (positive) chest
:zlllc;c:rrt;i? nrgn lead V; will cause an _____ deflection on upward Considering lead V5, the chest electrode is said to be
: PR a3
(or positive) (positive or negative). positive

\A \J,_ =) g\‘ﬁu gﬂ'lf,
\‘fg \/Lt = \Y (br'hw
Vs \IG = Le# S“LQ’
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Limb Leads Chest Leads

| B
I —~
L -~
AVR —-
AVL -
AVF ___

On a standard EKG mounting there are the six chest leads and six limb leads.

This is the 12 lead electrocardiogram.

The standard EKG has six chest leads usually mounted in
progressive order V, to

The limb leads all lie in a plane which can be
over the chest of the patient. (This is

the frontal plane.)

The chest leads progressively encircle the heart in the
plane,

NOTE: The chest leads form the horizontal plane which
cuts the body into top and bottom halves,

Vs

visualized

horizontal
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1. Rate

2. Rhythm
3. Axis
4. Hypertrophy

S.Infarction

In the actual reading of an EKG you must check five general areas.

The most valuable areas to be considered in EKG
interpretation are Rate, Rhythm, Axis, Hypertrophy, and
Infarction. All of these areas are equally important, so there
are no blanks to fill in here.

NOTE: Take a moment and examine page 280. This simple
methodology is to become your routine. Before you begin
each chapter, become familiar with its summary (page
280), so while you assimilate each chapter an “aha!” will
light up in your brain as your understanding evolves, for
this is the foundation of your knowledge.

Ready?

A7
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When reading an EKG you should first consider the rate,

NOTE: The sign in this picture is not informing the driver
about the rate of his car. The man holding that sign is a
physician who has been monitoring the driver's transmitted
EKG. The sign is informing the driver about his heart rate
the’s a little excited).

When examining an EKG you should first determine the
— rate

I'he rate is read as cyclesper | minute

RATE

SA Node

"Sinus Node”

The SA Node (Sinus Node) normally acts as pacemaker and sets the heart

rate of 60 to 100 beats per minute.

The normal cardiac rate isset by the .

The SA Node is located within the upper-posterior wall of
the right

The SA Node is the normal cardiac pace-

NOTE: The SA Node (or “Sinus Node”) is the heart’s
normal pacemaker, so its normal, regular rhythm is called
a Sinus Rhythm.

49
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SR Y TR i T T R T T

Snius | Bradycardla

When the SA Node (Sinus Node) paces the heart at a rate slower than 60 per

minute, this is called Sinus Bradycardia.

A rhythm originating in the heart’s normal pacemaker, the
SA Node, with a rate less than 60 per minute is called a
Sinus

Sinus Bradycardia is present if a rate of less than one beat
per second is produced by the SA

NOTE: Although the cycles are widely separated, the P,
QRS, and T waves are still grouped together, but there are
longer spans between cycles. Sinus Bradycardia is a slower-
than-normal Sinus Rhythm.

50

Bradycardia

Node

RATE

R T R S R R ST Y

Smus Tachycardla |

When the SA Node (Sinus Node) paces the heart at a rate greater than 100
per minute, this is called Sinus Tachycardia.

NOTE: A faster-than-normal Sinus Rhythm is called Sinus
Tachycardia.

A rhythm originating in the SA Node is called Sinus =
Tachycardia when the rate is greater than_________ per 1
minute.

The Sinus Node is another name for the SA Node which is .
the heart’s normal pacemaker

NOTE: There are other areas (foci) of the heart which
have the capability of pacing when needed (see next page).
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(Potential

7

7

'Ectopic Foci

Pacemakers)
g /" s / %

Vi

Other areas of the heart have the ability to pace if the normal (SA Node)

pacemaking mechanism fails.

Il the SA Node does not function normally, there are foci*
ol —  pacemakers available to assume
the pace-setting activity.

NOTE: Because these focal centers of potential
pacemaking activity originate in other areas of the heart,
they are referred to as “ectopic” foci. An eclopic focus will
assume pacing responsibility if it senses a failure of the SA
Node to pace.

Ilelopie foci of potential pacemakers are in the
., ventricles, and the AV Junction (the His
Nundle).

Uinder normal conditions these ectopic foci of potential
pacemakers are electrically quiet and do not

. (That's why we call them “potential”
pacemakers.)

potential

atria

function (or
operate, ete.)

Foci in the plural of "focus,” so called because each is a focal concentration of cells which can initiate

el maintain regular pacemaking stimuli.

RATE

i Atrial Ectopic Focus
ED [Potential Pacemaker)

inherent rate
60- 80/pin.

The atria have ectopic foci of potential pacemakers, any one of which‘may
assume pacemaking activity at its “inherent” rate of about 60 to 80/minute

if the SA Node fails.

NOTE: Remember foci refers to more than one focus.

If the SA Node fails, an atrial ectopic
____may assume pacing

responsibility.

When an atrial ectopic focus then assumes pacing
responsibility, it usually discharges at its “inherent” rate of
60 to _____ /minute, which is very close to the normal rate
set by the SA Node.

focus
(pacemaker)
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(AV) Junctional Ectopic Focus
'Potential Pacemaker|

inherent rate
+9:00, in.

I'he AV Junction (His Bundle) has ectopic foci of potential pacemakers, any
ol which will pace at its "inherent” rate of 40 to 60/minute if the usual
regular stimulus which normally comes down from the atria is not present.

NOTE: The His Bundle is known as the "AV Junction,” so

an ectopic focus in this area is called a "Junctional” ectopic
focus.

\n ectopic

in the AV Junction begins to pace focus
inly if the normal stimulus from the atria (via the AV
Node) is absent.
When a Junctional ectopic focus assumes pacing at its
‘inherent” rate of 40 to 60 per _______ this is called minute

in idigjunctional® rhythm,

I'he prefix "idio-" is of Greek origin and means "one’s own”.

RATE

Ventricular Ectopic Focus
Potential Pacemaker|

inherent rate

The ventricles also have ectopic foci of potential pacemakers, any one of which
will assume pacing at its "inherent” rate of 20 to 40/minute if the usual
stimuli (which normally come down from above) are absent.

The also have ectopic foci of ventricles
potential pacemakers.

A ventricular pacemaker (focus) assumes a pace of

1 1 i o 1 o A
to /minute when the normal stimuli coming 20 40
from above are absent.

When a ventricular ectopic focus paces the heart at its .
rate of 20 to 40 per minute, this is an inherent
idioventricular rhythm.




Ectopic Foci
 level Inherent Rate

Atria 60-80/min

AV Junction 4(.'!-621{in

f

Ventricles 20- 4%"

Pacing Rates
of Ectopic Foci

Lventeicutar 1 sunctionst | ateiat |

If the normal pacing activity of the SA Node fails, an ectopic focus in
the atria, AV Junction, or in the ventricles can assume the pacemaking
responsibility at its own inherent rate.

In case of failure of SA Node pacing, an atrial ectopic focus

will pace the heart at its inherent rate of to 80 per 60
minute, but a focus in the AV Junetion will pace at its

slower inherent rate of 40—60/minute.

The ventricles can be paced by a ventricular ectopic focus at
its inherent rate of to per minute, if no 20 40
pacemaking activity from above can be detected.

NOTE: In emergency or certain pathological conditions the
ectopic foci in any of these three areas may suddenly
discharge at a rapid rate. The rapid rate (150 to 250/min.)
is the same for foci in the atria, AV Junction, and
ventricles.

RATE

After finishing this chapter you will be able to determine
the __ rapidly,

No special devices, calculators, rulers or awkward
mathematical computations are needed in order to
the rate.

: 'y si ions i bably not be
NOTE: In emergency situations you will pro A
able to find your calculator. THROW IT AWAY!

Observation alone can tell us the

(=]
. |

rate

determine

rale



RATE RATE
L‘_‘ : l‘ T L W
: T | ~
Lo 4 -ly—.-—-d-.--‘. 1 2 " 2
|“ Rwavem 1 'f_ 6 o -
T;‘L T ]l':.l T' r . Q Q QQ
S IEIsdssszismssl Jofiasedsorsdians o™ NN
4 | B 0 3 ) 1 b .
1R 14 +
=T i 3 B [0 s O A 0 O | S T IS BN S BN
- =au H
11 , - } b+
i J +HH R & a5 @ms
S g 4 T T 1 1 i [
~ it : SES%ESES amesssamssnsasaas
Samm H SEBSN NEEn (WK a8 51
1 T T I 2 | : =
e e SRS R A L
:T:El_. : L) [ 1] ERE 11 1 T ‘ i :
I-“'WL:; o B 1 . } + T
- j 4 5 ‘ ' =i o
[ e = { 1 | 1 1 ¢ }
L | T 4 ] i ol 4
I- ' | + u | I i 1
b=t = I 1
! T ; s H B Sauaaun
SeEymnagiss H : 0 H =a T
| i i - I i H i A A
T f I l

Next: Count off "300, 150, 100" for each heavy black line that follows, naming

First: find a specific R wave that falls on a heavy black line.
each one as shown. Memorize these numbers.

To calculate rate you should first look at the

LT
waves. R

An R wave falls on a heavy black line . . . the next heavy
Now find one whi : : black line is called " ". . . followed by 300
ich peaks on a heavy black line " " for the next two heavy lines. 150, 100

NOTE: The line which the R wave peaks upon has no
name. We only name the lines that follow.

The three lines following the line where the R wave falls
are named edi' 300, 150, 100

succession.




RATE \
L e I
$ & § NN
% % % L " " " " "
R Dbt Y 1 S B

.
[

1
il
1
!

1
> o
:
=
1
'[I'
1

=R AR e N

Then: Count off the next three lines after "300, 150, 100" as "75, 60, 50."

I'he next three lines after 300, 150, 100” are called * __, 75
fil), and 50."

Itemember the next three lines together as ™ : 75
." Name them as you go. 60, 50

-3

60

RATE

"300- -150-100"

-----~‘|: Then -

"75- 60-50"

Now: Memorize these triplicates until they are second nature. Make certain
you can say the triplicates without using the picture.

These triplicates, "300, 150, 100" and "75, 60, 50” must be

memorized
Be able to name the lines following that one on which an R
wave it is easy to remember them as peaks
triplicates.
Do not count those lines which follow—name them with the
as you go. triplicates
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RATE

“300,150,100" ’ “75,60, 50"

Where the next R wave falls determines the rate. It is that simple.

I'ind an R wave peaked upon a heavy line, then look for the

next R wave
Where the next R wave falls givesthe____ There is rate
no mathematical computation necessary.

II'the R wave falls on "75” the rate is 7o per | minute

62

Rate:

100
Min.

Knowing the triplicates “300, 150, 100" and "75, 60, 50,” you can merely look
at an EKG and tell the approximate rate.

The triplicates ave: first " .7 300, 150, 100
then Gt 75, 60, 50

By merely naming the lines using . o
you can immediately identify triplicates

the rate.
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AR

T
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This is the EKG tracing from a patient with a heart rate slower than

his
usual rate. Determine the rate.
The rate in the above tracing is a little less than 60
cyeles per minute.
If you were told that this rate originated in an ectopic focus
(pacemaker), you would probably suspect the
(by the rate alone). AV Junction

NOTE: This is indeed a rhythm originating in the AV
Junction, and that is why you can't see

P waves.

64

RATE

You do not need to depend on mathematical calculations, because the rate
can be determined very easily by simple observation.

You can rapidly determine the rate on an EKG tracing by
alone. observation

There is no need to depend on annoying math or calculators

to determine the rate

NOTE: You will always have your brain with you (until
that time when brain transplants are done and you may
have someone else’s brain). Just remember to name the

lines that follow the "R wave line” using the triplicates,
and say "300, 150, 100" then "75, 60, 50.”
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Give the approximate rates of the above EKG tracings.

NOTE: As you have no doubt discovered for

ourself,
prominent wave (like the S wave in example}é ) can b:ny
used to determine the rate.

ﬂ!ﬁ
H.-_Elﬁﬁﬁﬂ e

100

60

150 or so

75

There is a logical explanation for the seemingly unusual rate denominations
for the heavy black lines.

NOTE: The unit (duration) of time between two heavy
black lines is 1/300th second.

The number of time units between five consecutive heavy

black lines is 4
So this represents 4/300 minute or a rate of per il
minute.

Therefore if a heart contracts 75 times/minute, there will

be a span equivalent to the distance between [ive heavy

black lines between complexes. QRS

NOTE: Reasonable instructors should not require students
to master this page. As author, 1 have not personally
memorized the material on this page. Let's keep it simple,
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BRADYCARD.A
(slow rates)

Although izati i i ; .
gh memorization of the fine divisions is a tremendous undertaking, For very slow rhythms we offer an easy method to determine the rate rapidly.

more exact determination of rates is possible.

Bradycardia

NOT_E:‘ l_t is admittedly a great task to memorize the fine Slow rates are called
subdivisions, but it is convenient to have this information

(see page 281) for your reference should you need it. rhythms you can use another method to slow

For very
determine the rate.

NOTE: For rates less than sixty see the next few pages for

a very simple meth srminati
! P Sthincl gk pute detensisation NOTE: The triplicates give us a very large range of rates.

300, 150, 100” and “75, 60, 50" means that you can
determine rates ranging from 300 to 50. Bradycardia
means a rate less than 60 per minute.
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HATE RATE

““3 SECOND’’ MARKS
6 SECOND STRIP

L

YT e N

3 SECOND 3 SECOND

o INTERVAL INTERVAL
A 4 A e .
-‘j i 1\11‘11‘11!:!-'\1_- i

At the top of the EKG tracing there are small marks which signify “three
second” intervals.

Taking two of the three second intervals, we have a 6 second strip.

NOTE: A three second interval is obviously the distance
There are small marks above the __________ portion of the graph between two consecutive three second interval marks.

FKG tracing. Find a strip of EKG tracing and examine it.

Taking two of the three second intervals gives us a .
These marks are called "three second” tatasoal second strip. gi

marks.

This six second strip represents the amountof paper
NOTE: Some EKG paper has 3 second intervals marked used by the machine in six seconds (one tenth of a minute).

with a black dot, circle, arrow, vertical line, ete.

When the EKG machine is running, the span of paper
between two of these (3 second interval) marks passes under
the stylus needle in three seconds
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RATE

Count the ll:u:;aber of complete cycles (R wave-to-R wave may be used to
represent the length of one cycle) in this strip. With
ool p. very slow rates there

The Iep.g'th of acardiac________ can be measured from 1
a specific wave until the wave is repeated again. e

S, B wave to

wave gives one cycle (in length), R

‘ount the number of cycles in the six second strip

72

RATE

6 Seconds
X10
'3 60 Seconds (1 minute)

Cycles sec.Strip X 10

....Gives the Rate (c""""%",,_)

The rate is obtained by multiplying the number of cycles in the six second
strip by 10.

Ten of the 6 second strips equals one minute
(time) recorded on EKG.
The number of cycles per minute is the rate
So cycles per six second strip multiplied by — equals ten
the rate.

73



RATE

RATE

4 Cycles

Six Sec. Strig

(4 x 10 = 40)

 Gives a rate of 40

Give the approximate rates of these EKG's.

Place a zero on the right of the number of ey i i
o SR « ‘ er of eycles/six second strip and you

F s . Rates: No. 1 1+7_ per minute 20
OF yexy slgw et o first find bradycardia No. 2“5 per minute 45
50

a six second strip. .
No. 3 _{»- per minute

. . count th . ST .
enumberof ____ in this strip. NOTE: The general, average rates of irregular rhythms

cycles
also may be determined using this method. Obtain some
; EKG tracings and amaze yoursell at how easily you can
.and multiply by ——_ to get the rate. ten now determigne the rate. ¥ v

NOTE: Review Rate by turning to the Personal Quick
Reference Sheets at the end of this book (pages 280 and

281).

NOTE: lt\dultiplying by ten may be done by placing a zero
:Tr _theFrlght side of the number of cycles per six second
strip. For instance, 5 cycles (per six i i

Ben m p second strip) gives a

T4 75




RHYTHM

The EKG provides the most accurate means for identifying cardiac
arrhythmias (abnormal rhythms) which can be easily diagnosed by
understanding the electro-physiology of the heart.

literally means without rhythm,; Arrhythmia
however, we use it to denote abnormal rhythm, or breaks in
the regularity of a normal rhythm.

I'he ___records the electrical phenomena of the heart EKG
vhich may not be seen, felt, or heard on physical

examination, and therefore provides a very accurate means

lor determining rhythm changes.

NOTE: To understand the arrhythmias you must first be
familiar with the normal electrophysiology of the heart
(i.e., the normal pathway of electrical conduction).

HRHYTHM

SA Node

The pacemaker impulse from the SA Node (Sinus Node) spreads through both
atria as a wave of depolarization.

It is the which initiates the SA Node
stimulus for pacemaking activity. (Sinus Node)

The SA Node sends out regular impulses (60 to 100/minute)
which cause the atriato | contract

The wave of stimulation called
spreads out from the SA Node
in wave fashion and describes a P wave on the EKG.

depolarization

NOTE: The SA Node is the "Sino-Atrial” Node, so impulses
originating from this node are often identified by the stem
"Sinus” or “Sino” as in regular Sinus Rhythm. It is also
called the Sinus Node.

7
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RHYTHM

Righ Atrium

Pasterier Internodal Tract

(Therel's pathway)

iddle Internadal Tract

\‘ (Wenchabach's bundis)

The atrial conduction system consists of three specialized conduction pathways

'hree general atrial conduction pathways are known today;

the anterior, middl : )
e i dle, and internodal posterior
I'he posterior internodal tract is known as :
pathway. _—————r———— Thorel’s

I'his page serves as a reference, for specific pathological conditions involving
Ihese‘ prefer;en?zal conduction pathways have not as yel been described, but
certainly will in the future. For now, it suffices to recognize their existence.

78

RHYTHM

Depolarization
S LOWS

The electrical stimulus (from the atria) reaches the AV Node, and then there
is a brief pause while the stimulus slowly penetrates through the AV Node.

As the impulse from atrial depolarization slowly makes its
way through the AV Node, thereisa . pause

NOTE: The AV Node is named for its position between the
Atria and the Ventricles (thus “"AV”).
The AV Node has no foci of potential pacemakers.

This pause during which there is no cardiac electrical
activity is represented by the flat piece of baseline between
the wave and the QRS complex. P
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RHYTHM

Once ’depoia'rizatiun has penetrated through the AV Node completely, this
electrical stimulus proceeds rapidly through the His Bundle, the Bundle
Branches, and the terminal Purkinje fibers to depolarize the ventricular
myocardium,

Onee the stimulus has penetrated through the AV Node, it

continues rapidly through the His Bundle
From t.he His Bundle the impulse is rapidly conducted down
the Left and Right Bundle , through the Branches

terminal Purkinje fibers and into the myocardial cells.

NOTE: The impulse of depolarization passes slowly
through the AV Node, but it proceeds very rapidly within
the His Bundle, Bundle Branches, and Purkinje fibers to
the myocardial cells which depolarize and produce a QRS
complex on the EKG.

80
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This nervous tissue conducts electrical
rapidly.

RHYTHM

QRS
complex

Purkinje
fivars

This ventricular conduction system below the AV Node is made of specialized
nervous tissue which carries the electrical stimulus (depolarization) rapidly.

The ventricular conduction system
(His Bundle—Bundle Branches—Purkinje fibers) is made of
specialized

tissue. Nervous

impulses

NOTE: I would like to stress the fact that this specialized
nervous tissue carries electrical impulses to the ventricles
quite rapidly. Cardiac muscle itself conducts bio-electrical
charges more slowly, therefore it is easy to recognize
pathological impulses that originate outside the ventricular
conduction system (they are slower on EKG).

NOTE: It is only the depolarization of the ventricular
myocardial cells which produces the QRS. The passage of
depolarization through the AV Node and the ventricular
Jconduction system below is NOT recorded on EKG,
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RHYTHM

Ectopic Foci

Level Inherent Rate

> Atria 60-80/_
min.

AV Junction 40-6%
in.

'1

Ventricles 20-4%
min.

Pacing Rates
of Ectopic Foci
7° a0 e o0

I vouteicntar | dunstionsl | Atrial |

lhere‘ are ectopic foci of potential pacemakers (in both atria, in the AV
Junction, apd in both ventricles) which can assume pacing responsibility if
normal pacing fails. ' v

NOTE: The AV Junction is the His Bundle.

Ectopic foci of potential pacemakers exist in the atria,
ventricles, and the AV | Junction

There are ectopic foci of potential pacemakers which can
assume — responsibility if normal pacing activity pacing
lails.

Decause these potential pacemakers are not part of the SA
Node, and they are found in other regions of the heart, they
arecalled — (abnormal location) foei. ectopic
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Ectopic Foci
may suddenly:

Emit one

or a rapid series
of stimuli

These ectopic foci occasionally emit an electrical impulse spontaneously, or a
series of rapid impulses may suddenly erupt.

The ectopic focus is an area in the atria, AV Junction, or

ventricles which can emit electrical
stimuli

{or impulses)

An ectopic focus may suddenly discharge one or a
of rapid impulses in a pathological or series
emergency situation.

NOTE: All the arrhythmias may be easily mastered simply
by understanding the normal electro-physiology
(conduction) of the heart and realizing the existence of
ectopic foci, As each of the arrhythmias is presented,
visualize what is taking place in the heart (electrically),
and interpretation of the tracing becomes an easy matter.
Do not memorize patterns. Lasting knowledge results from
understanding.
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"“ular) Rhythm

A 'im-ql

— —

Equal Dlitancei Between
‘Similar Waves

The arrhythmias* may be divided into a few general categories,

There is a consistent distance between similar waves with a normal
(“regular”) cardiac rhythm.

NOTE: Although arrhythmia means literally “without
rhythm,” it is used generally to denote any variance from a

The normal rhythm of the heart is said to be
: 3 normal Sinus Rhythm.

regular

NOTE: It is not necessary to memorize our general
classification of the arrhythmias. The classification of
these four general varieties is intended to help you
[Rapidly] recognize the type of pathology by appearance.
The underlying mechanisms are basic to the heart’s
function and quite easy to understand. Lasting knowledge
results from understanding.

The distance between similar ________ is always the waves
same in a classical regular rhythm.

NOTE: The normal rhythm is often referred to as a
“"Regular” Sinus Rhythm or "Normal” Sinus Rhythm since
it originates in the SA Node (Sinus Node).

NOTE: Like the SA Node, when an ectopic focus is pacing
(either at a slow or rapid rate), the rhythm is generally
regular. All healthy pacemakers are characteristically

regular.

*Another term: Dysrhythmia ("abnormal rhythm") is commonly uged in medical literature.
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RHYTHM

Irregular rh_yt_hms are usually caused by irregularity of pacing or multiple
sources of pacing.

The rhythms are those rhythms with i
generally inconsistent irregularity. i

NOTE: Some of these arrhythmias are referred to as

f‘irvegular]y irregular” since no precise recurring pattern of
irregularity can be found.

Sometimes pacemaker foci of different areas of the same
chamber(s) are operating at once, producing a very
rhythm,

irregular

RHYTHM

Sinus Arrhythmia

- All P waves
identical

Sinus Arrhythmia is an irregular rhythm related to the phases of respiration

(increasing rate with inspiration, decreasing rate with expiration).

In Sinus Arrhythmia the pacemaking impulses originate in
the SA Node (thus the prefix “Sinus”). Because all impulses
originate in the SA Node, all i waves are identical.

The pacemaking activity is irregular and is usually linked
to inspiration and

The P-QRS-T waves of each cycle are usually
and similar in size and shape, but there is a continuous,

gradual rate change: increasing with inspiration and
decreasing with expiration.

iﬂ'mu,n a.rfftauumiq\ “EEQL 51

€4y ?
87 (f‘[E)

expiration
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HHYTHM

Wandering Pacemaker

P wave shape
varies

Wandering Pacemaker is an irregular rhythm caused by pacing discharges
from a variety of different atrial foci. It is characterized by P waves of var!inE

shape,

In Wandering Pacemaker the pacemaking activity
wanders from focus to focus.

I'he resulting rhythm is very and irregular
there is no consistent pattern to the rhythm.

The waves of Wandering Pacemaker are of various P
shapes, since the pacemaking origin continuously changes
location within the atria.

NOTE: Should this rhythm exceed a rate of 100 per
minute, it is then called Multifocal Atrial Tachycardia.

88
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Atrial Fibrillation

-No real P’s but
multiple ectopic

atrial spikes.
. Weeaplar. o024 QL,,“-—-

b il

" B A

Atrial Fibrillation is caused by the continuous, rapid-firing of multiple foci
in the atria. No single impulse depolarizes the atria completely, and only

an occasional impulse gets through the AV Node to stimulate the ventricles,
prb-ducmg anirreguzar wntncu;ﬂr Iﬁﬁl rhytzms.

Atrial Fibrillation is caused by multiple ectopic foci
in the atria which emit electrical impulses.

Since no single impulse depolarizes both atria, we cannot
find any real waves, only a rapid series of tiny, erratic P
spikes on EKG.

This is always a totally erratic atrial rhythm, and only
random impulses get through the AV Node to initiate a

complex. The irregular ventricular responses may QRS
produce a rapid or slow ventricular rate, but it is always

irregular. ) ,

K—\, l Ve r)
NOTE: It is a good practice fo ALWAYS determine and

document the genera
Fibrillation (QRS’s per ©

second strip times 10).
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PRAGTIGE TRAGING

This tracing was monitored from a patent with a very irregular pulse.

In !:his practice tracing we notice an irregular rhythm in
which we can see discernible waves, so we can rule out
Atrial Fibrillation.

The P waves are not identical, so we can say that this

tracing is probably not___ Arrhythmia. Sinus
It is most likely a tracing of Wandering
, particularly with P waves of Pacemaker

differing shapes.

Easy, isn't it?

NOTE: A qui‘ck review of the illustrations on pages 87, 88,
?9, and 90 will help you grasp and differentiate the
irregular rhythms.

) RHYTHM

“Escape” describes the response (of a focus) to a pause in pacemaking activity.
But Premature Beats are produced by an ectopic focus discharging
spontaneously, causing a beat which appears earlier than expected.

NOTE: By scanning a tracing one can easily notice the
obvious breaks in the continuity of the rhythm.
Recognizable pauses in the SA Node’s pacemaking activity
may elicit an “escape” response (discharge) from an ectopic
focus, However, “premature” beats are due to the
spontaneous discharge of an ectopic focus.

a1



RHYTHM

During a Sinus Rhythm, an unhealthy SA Node may fail to produce a pacing
stimulus (Sinus Block), so this “pause” elicits a response from an impatient
focus producing an Escape Beat.

When an unhealthy _____ fails to emit a SA Node
normal, regular stimulus (Sinus Block), the heart remains
temporarily silent.

On the EKG a failure of an unhealthy SA Node to pace is
seen as a "pause” (flat area of baseline) which is free of
waves

NOTE: Sinus Block causes "Sinus Pause” during a Sinus
Rhythm. On EKG a Sinus Pause is very obvious since it
breaks the continuity of a regular rhythm on the tracing.

NOTE: After such a pause of cardiac non-activity, an
ectopic focus may "escape” (respond) by discharging an

Escape Beat*. The temporarily blocked SA Node eventuall
resumes pacing, but it EA Nui-: acing 15 arrested & then
T T T have to

an_ectopic focus wi assume pacing responsibility.
fri

“Under certain conditions a marked, abrupt slowing of the Sinus Rhythm can elicit an Escape Beat.
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{ TR EE

A pause in the SA Node pacing may induce an atrial ectopic focus to “escape”
to fire an Atrial Escape Beat; after depolarizing the atria, the stimulus is then
conducted through the AV Node to the ventricles.

Because foci in all areas know that they must be .
regularly, they grow impatient when stimulated

a pause in pacing appears.

An atrial ectopic ______ then "escapes” to emit an focus
electrical impulse of its own to stimulate the electrically
quiet heart.

When an atrial ectopic focus discharges after a silent pause
(from Sinus Block) of one unpaced cycle, the response is )
called an Atrial _______ Beat, and because this P wave Escape

originates ectopically, it usually does not look like the other
P waves (but a normal QRS response follows).

NOTE: If the atrial ectopic focus attains pacemaking
status, this becomes an Atrial Escape Rhythm
(rate: 60—-80/min.).
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32

. o ,
After a pause in SA Node pacing,/an (AV) Junctional Escape Beat may
originate in a focus within the AV -{unction and stimulate the ventricles via
the ventricular conduction system yielding a normal QRS.

If the SA Node is temporarily blocked, it fails to deliver a

—stimulus, so a Sinus Pause is produced on pacing
[FKG. This pause may elicit a Junctional Escape Beat from
i Junctional focus.

The Junctional Escape Beat originates in a focus within the
AV Junction, and the impulse follows* the ventricular

conduction system to both ventricles
I'his produces a normal appearing QRS _&L-'ELA— complex
because the ventricles are depolarized just as though the

impulse had originated from above.

NOTE: If the ectopic Junctional focus attains pacemaking
status, this becomes a Junctional Escape Rhythm (also
called “idiojunctional rhythm”) at its inherent rate of 40 to
60/minute.

(lecasionally the Junctional focus may produce an mgerfed Pwave iby petrograde atrial stimulation

[rom below) which occurs just before or just after a QRS of ectopic Junctional erigin.
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A Ventricular Escape Beat originates in a ventricular ectopic focus, ;‘deucﬁng
an enormous ventricular complex after a slightly longer pause in pacing
activity.

The Ventricular Escape Beat originates in a ventricular .
focus which fires an impulse because of ectopic

an absence of cardiac activity from above.

This ventricular ectopic response, because it originatgs in a
ventricular ectopic focus, yields a typical giant ventricular

GiiEs
complex after the . pause

NOTE: Any time a ventricular ectopic focus discharges, a
giant ventricular complex records on EKG as the vent_;ncles
slowly depolarize. The reason for this enormous ventricular
complex will be explained soon.

NOTE: If the ectopic ventricular focus attains pacemaking
status, this becomes a Ventricular Escape Rhythm | or
“idioventricular rhythm”) at the rate of 20 to 40/minute.
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Sinus Arrest occurs when a sick SA Node’s pacemaking activity suddenly is
“arrested” and does not send out pacemaking stimuli. After the pause of Sinus
Arrest, a new pacemaking area (focus) assumes the pacing responsibility.

NOTE: The temporary "pause” of Sinus Block is self
descriptive because the SA Node resumes pacing, but with
Sinus Arrest the SA Node ceases pacing.

Sinus Arrest refers to a complete arrest of the pacemaking
activity of a sick Sinus , producing electrical Node
silence.

Another pacemaker must assume pacing acitivity, so an
ectopic focus in the atria, AV Junction, or in the ventricles
will assume responsibility. pacemaking

NOTE: Because a new (ectopic) pacemaker assumes the
responsibility of pacing, the new pacemaker (ectopic focus)
operates at its inherent rate, which is usually slower than
the rate of the arrested SA Node,

a6

RHYTHM

Sinus Rhythm

(.
[> .

Ectopic Focus
becomes
Pacemaker

In Sinus Arrest an ectopic focus in the atria, AV _Junction, or ventricles
“escapes” to assume the pacing responsibility (at its inherent rate).

NOTE: Remember: “escape” is the response of an ectopic
focus to a pause of cardiac non-activity. ’_I‘he _Eacape
Rhythms are the heart'’s backup mecha.pmm in case of
Sinus Arrest. So wonderfully designed is the heart!

With Sinus Arrest an atrial ectopicis most focus

likely to “escape” (respond) by initiating an Atrial Escape
Rhythm at 60 to 80 beats per minute (its inherent rate).

Or a focus in the AV Junction may "escgpe" to assume
pacing responsibility, producing a Junctional Escape
Rhythm (“idiojunctional rhythm”) at 40 to 60 per

(its inherent rate). minute

Or after a long pause, a ventricular ectopic focus may

i i 't respond), producing a
b s donEsc:;;,: Rhy?hm Ventricular

(“idioventricular rhythm”) at 20 to 40 per minute (its
inherent rate).
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Sinus Rhythm

Atrial Escape Rhythm
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After a Sinus Arrest, an atrial ectopic focus is :uost llkely to "es 'ape ' (respond
to the absense of pacing), thus initiating an 4 at its
inherent rate of 60 to 80/minute.

After Sinus Arrest an atrial ectopic
likely to respond.

is most focus

So the resulting Atrial Escape Rhythm usually has P waves
of slightly different appearance at the (inherent) rate of 60
to 80 per

minute

NOTE: Also, an atrial ectopic focus will usually have an
linherent] rate that differs from the previous (Sinus) rate
(see illustration).

Atrial Escape Rhythm describes the mechanism which
initiates the rhythm, and we understand that it is due to an
atrial ectopic focus which escapes to assume

responsibility. pacemaking
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Junctional Escape Rhythm

Sinus Rhythm “idiojunctional rhythm"”

Arrest

M i

15

il i

Sometimes an ectopic focus in the AV Jumtmn may “escape” to assume
pacing responsibility, producing a § pe Rhythnt at its inherent
rate of 40 to 60 per minute in the pr esence of Sinus Arrest.

Sometimes with Sinus Arrest a Junctional .
= focus will "escape” to assume pacemaking eclopic
responsibility.

This focus initiates a Junctional Escape Rhythm which
produces normal appearing QRS’s without _P_ waves* at P
its inherent rafle of 40 to 60 per minute.

This is also called an “idiojunctional rhythm” which
describes a Junctional ectopic focus pacing at its inherent

. but should it "accelerate” above the inherent rale
rate, this becomes an Accelerated Idiojunctional Rhythm.

*Occasionally inverted (retrograde) P's may oceur just before or after a QRS of Junctional origin
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20-40, ..

Ventricular Escape Rhythm

"idioventricular rhythm’

i

After a Sinus Arrest if higher level foci don't respond, a ventricular

ectopic focus may escape to initiate a Ve et
heart at its inherent rate of 20 to 40 per minute.

With Sinus Arrest, the atrial and Junctional foci may be
faulty, so a ectopic focus escapes
to assume pacing responsibility.

The resulting Ventricular Escape Rhythm originates in a
ventricular ectopic focus, so it produces enormous
ventricular complexes at the rate of 20 to 40 per

NOTE: This so-called "idioventricular rhythm” is due to a
ventricular ectopic focus pacing the heart at its inherent
rate.* This rate may be so slow that unconsciousness
results (Stokes-Adams Syndrome), making it imperative
that the patient be attended to maintain an open airway.

NOTE: You should quickly review the illustrations on
pages 91 to 100 to etch this understanding in your
permanent memory.

n ar Escape Rhythni' pacing the

ventricular

minute

*Should this "aceelerate” above the inherent rate, it becomes an Accelerated Idioventricular Rhythm.
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Premature Beat

A Premature Beat originates in an ectopic focus which suddenly discharges.
producing a beat which appears earlier than expected in the rhythm (the first

three cycles in the illustration demonstrate a normal Sinus Rhythm).

Premature beats, like premature babies, occur
than expected in a rhythm.

A premature beat originates in an ectopic___ (in
the atria, AV Junction, or ventricles) which suddenly

discharges.

NOTE: A premature beat may be normal in appearance, or

it may be an unusual form, but it always appears
suddenly, very early in the cycle.

101
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Premature Atrial
Beat "

i
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A Premature Atrial Beat originates suddenly in an atrial ectopic focus and
produces an abnormal P wave earlier than expected.

A Prer_naturc Atrial Beat originates in an ectopic focus in
an atrium and appears much earlier than the normal

_wave on EKG. p

A Premature Atrial Beat will not appear like the other P
waves in the same lead because this impulse does not
originateinthe | SA Node

'#:I|i§ ectopic impulse depolarizes the atria in a manner
similar to the normal impulse, so the AV Node picks up and
{ransmits the impulse just as if it were a normal
wave,

102

RHYTHM

Premature Junctional
Beat

A Premature Junctional Beat is produced by a sudden discharge from
an ectopic focus in the AV Junction, so the impulse continues down the
ventricular conduction system pathway.

A Premature Junctional Beat originates in an ectopic focus
in the AV Junction which fires before the SA Node
begins a normal cycle.

Therefore one usually notices a normal® appearing
which occurs very early and is generally QRS
preceded by a P wave.

NOTE: The AV Junctional ectopic focus can send an
lmpulse upward to stimulate the atria from below

\DE C@Nﬂmw When it occurs, thlb
Backwarifa atrial depolarization may create an inv !
Wavewhich can appear just before or just after t! 1e 'QRS or
this peculiar inverted P wave may be mixed in with the

QRS complex.

*The QRS complexes which originate (prematurely or with rapid rates) in an ectopic Junct jonal o
atrial ectopic focus occasionally may appear slightly wider than the other QRS complexes.
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Premature Ventricular
Contraction
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A premature ventricular beat is called a Premature Ventricular Contraction
(P.V.C.).* It originates suddenly in an ectopic focus in a ventricle producing
a giant ventricular complex.

An ectopic focus may suddenly discharge an impulse from
somewhere in one of the

ventricles

I'his ventricular ectopic beat, like all other premature beats,
oceurs very early (before a wave can begin a new P
cycle), and it is called a P.V.C.

The resultant Premature Ventricular Contraction, commonly
knownasa______ is easily recognized on the P.VC.
electrocardiogram tracing by its enormous size.

NOTE: P.V.C. denotes a ventricular “contraction.” When
you see a P.V.C,, remember that there is a (premature)
ventricular contraction and an associated pulse beat like
that produced by a normal QRS, except it is earlier and
usually weaker than normal.

Some claim that P.V.C. stands for Premature Ventricular Complex, which more aptly describes what
we see on the EKG tracing. Either is correct.
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Depolarization of the P.V.C. does not follow the usual ventricular conduction
system pathway, therefore conduction is slow (very wide QRS).

The ventricular conduction system normally conducts the

electrical stimulus of ventricular depolarization to all

internal ventricular surfaces very rapidly, yielding a narrow

QRS . complex

However, depolarization of the P.V.C. origina_tes in the

myocardium (outside the ventricular conductgon _syst_em},

and the myocardial cells conduct the depolarization impulse -
slowly

very . :

NOTE: The ventricular conduction system conducts
impulses at a rate of 2-4 meters/second. Normal
myocardium conducts electrical impulses at a rate of only
one meter/second (without the aid of the ventricular
conduction system). Therefore the nervous conduction
system of the ventricles conducts electrical impulses 2 to 4
times faster than the muscle tissue (myocardium) can
alone.
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compangalery
Pause

Z'E.?

The P.V.C. is a much taller and deeper
normal QRS. There is a tompe ry |

I'here is a compensatory pause aftera_______ during P.V.C.

which the heart is electrically silent.

NOTE: During normal ventricular conduction, the left and
right ventricles depolarize simultaneously. As a result,
depolarization going toward the left (left ventricle) is
somewhat opposed by simultaneous depolarization going
toward the right (right ventricle), and a relatively small
(normal) QRS results, But a P.V.C. originates in one
ventricle which depolarizes before the other. So the
deflections of a P.V.C. are very tall and very deep (no
simultaneous opposing depolarization from opposite sides)
on the electrocardiogram. P.V.C.s have greater deflections
than normal QRS complexes.

NOTE: Interpolated P.V.C.’s are somehow sandwiched
between the normal beats of a tracing, producing no
compensatory pause and no disturbance in the normal
regular rhythm.
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per minute is considered pathological.

While monitoring a given lead you may notice a P.V.C.

appearing quite often, and it always looks the same.

Because each P.V.C. is identical, we can assume that they

all from the same focus,* so these originated
identical P.V.C.’s are said to be “unifocal.”

P.V.C.’s often indicate that the heart’s own (coronary) blood

supply is poor, so their appearance alerts us that something

may be wrong. ______ P.V.C.s per minute is Six
pathological.

NOTE: In cases where the coronary blood flow is adequate
but the blood is poorly oxygenated (e.g., drowning,
pulmonary pathology, tracheal obstruction, etc.), the heart
recognizes poor oxygenation (and high CO.) and ventricular
ectopic foci will discharge frequently. Certain stimulants
and medications may also spark P.V.C's.

*It is common to drop the adjective "ectopic” from eclopic focus.
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.V.C.s occasionally become — with one or coupled
more normal cycles, and this patiern recurs over and over.

When a P.V.C. becomes coupled with a normal cycle, this is

called Ventricular as this i
L pattern recurs miny
with each normal cycle. s

I you were to see a P.V.C. apparently coupled with two
normal cycles and the pattern repeated itself many times,
one could call this runs of Ventricular

Trigeminy
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(shmulbanensty)

Ventricular Parasystole is a dual rhythm caused by two pacemakers, one of
which is a ventricular ectopic focus (the other is usually the SA Node).

A ventricular ectopic pacemaker produces P.V.C.-like QRS

complexes at a generally slow rate, but when associated

with another (supraventricular) rhythm, this is known as

ventricular parasystole

NOTE: The ventricular ectopic beats demonstrate a

regular rhythmicity in parasystole, and because of a
“protective” phenomenon, very few beats are dropped
(non-conducted).

When you recognize P.V.C.’s that appear to be “coupled” to
a long series of normal beats, you should suspect
ventricular parasystole

109
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PRV.C.’s

A single ventricular ectopic focus may fire once, or it may fire a series of

’&&re produced by multiple ventricular ectopic foci. Each
successive impulses to produce a run of P.V.Cs,

focus produces an identical appearing P.V.C. every time it fires.

A single ectopic focus may fire ventricular

In a given lead P.V.C.’s originating from the
it series of discharges in rapid succession.

same
focus will appear the same.

Runs of P.V.C.’s are considered more serious than oceasional
single P.V.C.’s from a single . particularly with focus
infarction patients,

NOTE: The appearance of numerous multifocal P.V.C. ‘s is
indeed dangerous and requires rapid treatment. Bt?caue;e a
single ventricular focus can take off and fire a series o
rapid discharges causing dangerous arrhythmias (e.g.,
Ventricular Tachycardia), the a&pearance o;' nt;u;:;mus

ifocal P.V.C.’s means that there are m
:l‘i:g:ﬁgng, and there is trouble ahead. The chance ]LTI' ‘ \ \
developing a dangerous or even deadlyi arrhythmia (ike 4
Y ir Fibrillation) under these circumstances 15 very
.much enh. With infarction patients this is a dire
warning.

NOTE: A run of three or more P.V.C’s in rapid succession
is called a run of "Ventricular Tachycardia” (see the second

example in the above illustration), but we will go deeper
into this later.

1
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If a PV.C. falls ona T wave
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Watch this patient closely

If a PVC. falls on a T wave, it occurs during a vulnerable period and
dangerous arrhythmias may result.

P.V.C/'s ordinarily occur just after the
normal cycle.

wave of a T

When a P.V.C. falls on a T wave of a normal cycle, it is

catching the ventricles during a vulnerable
period (this is called "
A P.V.C. which falls on a T wave may cause the

to beat rapidly. ventricles

NOTE: Although considered a warning sign, R on T is
often noted “after the fact”, that is, when an EKG strip
containing a spontaneous ventricular tachy-arrhythmia is
examined closely, one may find that it was precipitated by
this phenomenon.
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By looking at the last QRS complex in the strip you
discover that it is not preceded by a wave.

The last QRS complex looks the same as the other _QRS‘s, 80
we know that the last one followed the usual ventricular
gystem, therefore it did not originate

in a ventricular focus.

The last ventricular depolarization (QRS complex) on this
strip probably originated in the
and it is a premature beat.

NOTE: Please take a minute and run through the
illustrations on page 101 through 113 to reinforce your
understanding of these@ingle’beats which originate
suddenly in an ectopic focus.

113
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The discerning eye of a Coronary Care Nurse detected a beat which appeared
a little too early in an EKG strip taken from a patient’s monitor.

conduction

AV Junction
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Paroxysmal T v

Rapid ectopic rhythms originate in an ectopic focus which is pacing rapidly.

Sometimes more than one focus is involved.

The rates of the Rapid Ectopic Rhythms are:

Paroxysmal Tachycardia ............. to /min. 160 to 250
F!ut!.er RLLE TR TTRPR PP PP — to____ /min. 250 to 350
Fibrillation .......................... — to— /min. 350 to 450

NOTE: Rapid ectopic rhythms are easily recognized by rate
alone, but the diagnosis involves identification of the
location of the ectopic focus that is responsible. A basic
understanding® of normal conduction within the heart, as
well as an insight into the location and function of these
foci, is the key to a practical knowledge of these tachy-
arrhythmias.

“Understanding is a kind of ecstasy,” Carl Sagan (from Broca’s Brain),
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""6xysmal (Sudden)

i Tach ycardla
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Paroxysmal Tachycardia means “sudden,” “rapid heart rate” (150 to 250 per
minute) which originates in an ectopic focus.

means a rapid heart rate. Tachycardia

Paroxysmal means sudden

Paroxysmal Tachycardia usually arises spontaneously from ‘
an ectopic focus which fires impulses in rapid
succession at the rate of 150 to 250 per minute.

NOTE: The normal pacemaker, the SA Node, may
gradually increase the heart rate in certain conditions.
This is called a “Sinus” Tachycardia since it originates in
the SA Node (Sinus e), and 1t is often due to
excitement, exercise, stimulating drugs, shock, etc. Sinus
Tachycardia is NOT a Paroxysmal Tachycardia.




Paroxysmal Tachycardia
Q
)

The rate range of the paroxysmal tachycardias is 150 250/minute, so they
are easy to recognize. Identifying the location of the rapidly pacing focus gives

us the diagnosis.

When calculating rate, we find an R wave which peaks on a
heavy black line. The next three heavy black lines are
called “300, 150, ",

The fine line just to the right of the line named “300” is
250. Therefore, if an R wave falls on the first heavy black
line (above illustration), the next R wave will fall within
the shaded area during a paroxysmal

Now you should be able to recognize a paroxysmal
tachycardia by noting the rate range of _______ to 250.
Let’s go on to identify the location of the ectopic focus (in
the atria, AV Junction, or ventricles) which is rapidly
pacing, and this will make our diagnosis.
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[Paroxysmal

L i

Tachycardia_

Paroxysmal Atrial Tachycardia is caused by the sudden, rapid firing of an

ectopic atrial pacemaker.

Paroxysmal Atrial Tachycardiaisa___ | rapid
heart rate originating from an ectopic focus in one of the
atria. The rate is usually 150 to 250/minute.

Because the focus is ectopic, the P waves in P.A.T. usually
do not look like the other P waves (before the tachycardia)
in the same

Each ectopic impulse stimulates the ___________and then
is conducted down the normal ventricular conduction system
pathway, yielding normal appearing P-QRS-T cycles.

sudden

lead

atria
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In_Pam::ysmai Atrial Tachycardia with block there is more than one P wave
spike for every QRS response. This often signifies digitalis toxicity.

N(_)TE: Thi§ is basically a (paroxysmal) atrial tachycardia
originating in an atrial ectopic focus.

I’A’]‘ with block is recognized by the fact that each of the
individual P wave spikes does not have a QRS response, i.e.
every-other atrial impulse is blocked and does not get .

through the AV Nod
e
S0 we may see two (or more) spiked "P waves” for each
, but there is still an atrial tachycardia. QRS
I*.A.T. with block is often an indication of digitalis
—————— particularly when the serum potassium toxicity
is low, so giving potassium is usually helpful.

118

RHYTHM

Paroxysmal Junctional Tachycardia is caused by the sudden, rapid pacing of

an ectopic focus in the AV Junctio

Paroxysmal Junctional Tachycardia
(150-250) set by an ectopic focus in

n.

is due to a rapid pace
the

NOTE: As mentioned earlier, ectopic foci in the AV

Junction have a strange way of
below by retrograde conduction.

stimulating the atria from
This may produce inverted

which can appear immediately before or jus! alter
] i ia. If you are aware of

this phenomenon, you will recognize it from time to time.

NOTE: As with Premature Junctional Beats, the QRS
complexes may appear slightly wider than normal in

Paroxysmal Junctional Tachyca
ventricular conduction.

rdia because of aberrant

119
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Supraventricular Tachycardia

Paroxysmal Atrial Tachycardia and Paroxysmal Junctional Tachycardia
may be considered as originating above the ventricles and are known as
paroxysmal "Supraventricular Tachycardia.”

Paroxysmal Atrial Tachycardia and Paroxysmal Junctional
Tachycardia both originate* above the ventricles and are
generally known as (paroxysmal)

. Tachycardia. Supraventricular

NOTE: Paroxysmal Atrial Tachycardia may occur at such
a rapid rate that the P waves run into the preceding T
waves and appear like one wave. This makes the
differentiation of these two tachycardias very difficult;
however, because they are both treated in the same
manner, differentiation of P.A.T. and P.J.T. is not
essential, So if we cannot make a distinction between the
two, we can just say "Supraventricular Tachycardia.”

NOTE: Any beat of atrial or Junctional ectopic origin may
be called "supraventricular,” and if premature or with a
tachycardia rate, a slightly widened QRS complex may
result from aberrant ventricular conduction.

*Although illustrations commenly depict the His Bundle (AV Junction) within the interventricular
septum, it is really oriented posteriorly along the top of the muscular septum and is therefore truly
supraventricular,
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Paroxysmal
Ventricular
Tachycardia
150-250,,

Paroxysmal Ventricular Tachycardia is pmdu(_'ed_ by a rap'idlz disehargmg‘
ventricular ectopic focus. It has a characteristic pattern with enormous

Paroxysmal Ventricular Tachycardia originates suddenly in
an ectopic focus in one of the
producing a (ventricular) rate of 150-250.

ventricles

Sudden runs of Ventricular Tachycardia® appear li_ke a ‘
rapid series or _fuwn___ of P.V.Cs (which in reality it is). run

NOTE: Although the atria still depolarize regularly at
their own inherent rate, distinct P waves are only )
occasionally seen. This independent atria_] and ventricular
pacing is known as AV dissociation (or simply

“dissociation”).

“T'he "Paroxysmal” is commonly left off.
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Runs of (Paroxysmal) Ventricular Tachycardia may signify coronary artery
disease or hypoxia.

An occasional atrial impulse may penetrate through the AV Node from above
to stimulate a normal appearing ventricular complex during Ventricular
Tachycardia.

Occasionally one of the impulses from the regularly beating _TRER—

P.V.Cs
atria penetrates through the AV Node to
the ventricles. stimulate
. < s soal conditi usually signifies
The ventricular conduction system is only vulnerable to a This is a pathological condition and usually sig ety

coronary disease or poor oxygenation of the
heart (other causés).

stimulus from above at certain times during Ventricular

, 50 very few atrial impulses Tachycardia
penetrate through the AV Node with the proper timing to

stimulate the ventricles.

NOTE: This rapid ventricular rate originates from a
ventricular ectopic focus, and the rate is really too fast for
the heart to function effectively, so it_shou]d_ be tre_ated
quickly, particularly in the patient with an lnfarct.mn, .
There is an unusual form of ventricular tachycardia which
is illustrated on page 268.

NOTE: When the ventricular conduction system
occasionally is stimulated by an atrial depolarization from
above (during Ventricular Tachycardia), the impulse can
follow the normal ventricular conduction system pathway
producing a nearly normal-looking portion of a QRS which
fuses with a P.V.C.-type complex (already progressing [rom
the ectopic focus), creating a “Fusion Beat.” Rarely, the
impulse from above will be carried to completion to capture
a normal QRS, creating a "Capture Beat.” The presence of
“captures” or "fusions” confirms our diagnosis of
Ventricular Tachycardia.

CAUTION: Rapid Junctional or rapid utrigl .
(supraventricular) rhythms may produce‘mdene_d QRS's
(because of aberrant ventricular conduction) which can
mimic Ventricular Tachycardia.
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Atrial Flutter 7 I.Laﬁti
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Atrial Flutter originates in an atrial ectopic focus. P waves o

succession and each is identical to the next.

In atrial flutter an ectopic focus in the atria fires at a rate
of 250-350 to produce a rapid succession of
depolarizations.

NOTE: The diagnosis of Atrial Flutter is most often made
on the basis of appearance rather than rate.

Because there is only one ectopic discharging,
each "P wave” looks identical to all the others. The atrial

depolarizations originate ectopically so they are not real ly P
waves, and therefore they are often called'| I Waves

L

It is only the occasional atrial stimulus which will penetrate
through the AV Node, so there are a few flutter waves in
series before a response is seen.

124

3 . - ‘ o
ceur in rapid " This tracing looks somewhat like atrial flutter, but to make it more classic

you have to turn it upside down.

3 When in doubt about atrial f lutber

I
the

tracing
may be very helpf

atrial

NOTE: Atrial flutter is characterize:d by a series t;)f N

{ identical “P waves” in rapid succession or l:fack-to- ac
flutter waves. Because the waves are 1dent_.;cal,_§be__y are )
described as having the appearance of the' a saw o

t is important to note that the waves

| ; i t
focus : '%’n rapid succession, and there is usually no fla < ‘

baseline between them. Turn back to P.A.T. with block an

i +
make sure you understand the difference.

QRS
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Ventricular Flutter is produced by a single ventricular ectopic focus firing at

_the extreme]y’rap:d rate of 250 to 350/min. Notice the |

Ventricular Flutter is caused by a ventricular focus very
rapidly discharging electrical stimuli at a rate of
to per minute.

This extremely fast rate is dangerous. Make certain that
you can recognize the smooth wave appearance of
the waves (appearance is as important as rate).

NOTE: Ventricular Flutter deteriorates into deadly
arrhythmias.
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Fibrillation

Ventricular

True Ventricular Flutter almost invariably becomes Ventricular Fibrillation
~ requiring cardio-pulmonary resuscitation and defibrillation.

NOTE: During Ventricular Flutter the ventricles are
contracting at an incredible rate. The above tracings show
Ventricular Flutter at a rate of about 300 per minute, or 5
contractions per second. Blood is a viscous fluid, and the
ventricles cannot be filled at a rate of 5 times per second,
so there is virtually no ventricular filling. For this reason L)
there is no effective cardiac output. The coronary arteries

are not receiving blood at this rate, and the heart itselfl

has no blood supply. Ventricular Fibrillation results as the
many_ventricular ectopic foci desperately try tu

compensate.
fetski Sttt

/
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Fibrillation

PRACTIGE TRAGING i
multiple foci rapidly discharge

.

2= G

Fibrillation is an erratic rhythm caused by continuous, rapid—rau‘a discl?arges
from numerous ectopic foci of the same level (either in the atria or in the

ventricles).

A monitored patient bec: = T T
chist. p ame very concerned about a sudden pounding in his

By _the his‘tory and the rate (which you quickly determined

by l;nspectmnj, you identify this rhythm as a paroxysmal

tachy-______ . Now you must identify the causative ardi
ectopic focus, cardie

NOTE: Fibrillation is caused by rapid discharges from
numerous ectopic foci in the atria (Atrial Fibrillation), or
due to numerous foci of the ventricles rapidly discharging
(Ventricular Fibrillation). The result is so erratic and
uncoordinated that distinct, complete waves are not
distinguishable, and therefore rates are difficult to
determine. The involved chambers merely twitch rapidly.

Beca_use this paroxysmal tachycardia has narrow, normal

looking QRS's, it could not have originated in a

ectopic focus, so it must be v i

- S, trie
some type of supraventricular tachycardia. cnirieutar

NOTE: The rate, 350 to 450 per minute, is not a true rate,
since many of the multiple foci may discharge
simultaneously. Both the number and the tachy-rate of
individual foci is conjectural. The rate range is more

relative and hypothetical than real.

The:'-e appear to be P waves present, so we are probably
dealing withan___ ectopic focus. Ah, but now yvou atrial
remember that a Junctional focus may occasionally produce

é _# aP waye just before or after the QRS; however, a
Junctional focus produces inverfed P waves!
\._____.a—-—-—'_“—_——"""-—-.______l_.

NOTE: This is Paroxysmal Atrial Tachycardia, and because
all P waves are conducted to produce a QRS response, it
could not be P.A.T. with block. Please take a moment to
review the illustrations on pages 114 through 128.
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Atrial Fibrillation
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Atrial Fibrillation is caused by many atrial ectopic foci firing at rapid rates
causing an exceedingly rapid, erratic atrial rhythm (atrial "rate” 350 to 450/
min).

Atrial occurs when many Fibrillation
ecoptie foci in the atria fire rapidly, producing an
Il excessively rapid series of tiny erratic spikes on EKG (no P

—
waves), S

NOTE: Only a small portion of the atria is depolarized by
any one ectopic impulse, and because so many ectopic foci
are rapidly firing, no one discharge is carried far.

NOTE: With a normal rhythm the SA Node sends out an
impulse which spreads through the atria like an enlarging
circular wave caused by throwing a pebble in a still pool of
water. The multiple erratic depolarizations of atrial
fibrillation are analogous to rain falling into the same
pool.

f debni W oyl o) e of v
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ial Fibrillation often appears only as a b
?ht;mégls_?espunse is not regular and may be rapid or slow.

Atrial Fibrillation may cause such small, errfit_ic spikes that X
it appears as an irregular baseline without visible = A=

waves or tiny spikes.

The AV Node is irregularly stimulated during at.riall_k \ oxiiad
fibrillation, so the ventricular - is i lem;se
generally irregular. (Therefore expect an irregular pulse.

NOTE: The ventricular rate depends on the AV Node'f; |
responsiveness to multiple small stimull,‘-go _the ventricular
rate may be rapid or relatively slow, but it is always

irregular

[{, G“‘\’Uh"“ -if P oave, S Tww 1w Vi = Lefh «in oL lﬁwl‘ﬂ
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Vetri c

I - i i i 1 i - Fibrillation is easily recognized by its totally erratic appearance.
Ventricular Fibrillation is caused by rapid-rate discharges from many Ventricular Fibrillation is easily g ¥

ventricular ectopic foci producing an erratic, rapid twitching of the
ventricles (ventricular "rate” 350 to 450/min).

Ventricular Fibrillation is easily recugnizgd by the totally .
appearance on the tracing, and even with errs

Fibrillation originates in Ventricular large deflections there are no identifiable waves.
numerous ventricular ectopic foci each of which fires at a
rapid rate. F )
P There is no predictable pattern of — : Ventricula
Fibrillation. As you can see, it uppeat'ﬁ_dl[ferent at every
Because there are so many ventricular ectopic foci moment, but it is so erratic that it is difficult to miss.

firing at once, each of which only depolarizes a small area
of ventricle, this results in a rapid, erratic twitching of the

i iti sgularity of
verbrcles: If you do recognize any repetition of pattern or regularity

deflections, you probably are not dealing with Ventricular i

This erratic twitching is often called a “bag of worms” for

this is the way the ventricles really appear. There is no

effective ____ pumping, and the tracing of cardiac
ventricular fibrillation is characteristically erratic.

NOTE: These three strips are a continuous tracil}g of the
same patient’s dying heart. Notice how thel amplitude of
the deflections becomes less as the heart dies.
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Heart Blocks

-' : Bundle Branch Block

: H'e_mib'lock (begins page 245)

Heart Blocks* can oceur in the SA Node, AV Node, or in the larger sections
of the ventricular conduction system.

In Ventricular Fibrillation there is no pumping action of the heart (Cardiace
Arrest); this is a dire emergency!

Ventricular Fibrillation is a type of Cardiac Arrest. There is
no effective cardiac output, because the ventricles are only
twitching erratically, and there is no ventricular

—i.e., no circulation. pumping Heart Blocks may occur in any of these areas: the SA Node,

the AV Node, the His Bundle, inthe Bundle
Branches, or in one of the two divisions of the Left Bundle

Branch (Hemiblock).

NOTE: There are two other types of Cardiac Arrest:
Standstill ("Asystole”) occurs when there is no detectable
cardiac activity, producing only flat baseline on EKG.
Electro-Mechanical Dissociation (E.M.D.) is present when a
dying heart produces weak EKG signs of electrical activity,

Blocks are electrical blocks which retard (or Heart
but the heart is too moribund to respond mechanically.

prevent) the passage of electrical (depolarization) stimuli.

NOTE: Cardiac Arrest is an emergency situation which

requires immediate care (external cardiac massage and NOTE: When examining the rhythm on a tracing, you

artificial respiration) known as Cardio-Pulmonary
Resuscitation. The technique of C.P.R. was originally
taught only to hospital and ambulance personnel, but it is
now imperative that every living person be adept at this
technique. In this way immediate resuscitation may be
rendered to people suddenly stricken with Ventricular
Fibrillation (or other type of Cardiac Arrest) in any locale
or situation.

NOTE: Let’s quickly review the illustrations on pages 129
to 134.

134

must ALWAYS check for all varieties of Heart Blocks,

because the same patient may have more than one tyvpe of

block.

#'Heart Blocks” is a colloquial term which is more commonly referred to simply as "Blocks” in most

medical circles.
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Sinus Block

An unhealthy Sinus Node (SA Node) may temporarily fail to pace for at least

one cycle ("Sinus Block™), but then it resumes pacing.

With Sinus Block (also called "SA Node Block” or simply
"SA Block”) an unhealthy SA Node* stops its pacing
activity for at least one complete

After the pause pacing resumes at the same rate (and
timing) as prior to the block, as the Node resumes
p.ir.mg activity., However, the pause may evoke a&&'
geatifrom an impatient ectopic focus before SA Node pacing
can resume.

NOTE: The P waves before and after the block are
identical because the same SA Node pacemaker is
functioning before and after the pause (i.e., all P waves
originate in the SA Node). But a long pause may elicit an

“escape” beat from an ectopic focus before the SA Node
resumes pacing.

cycle

SA

"Some experts claim that the SA Node propagates a stimulus, but that it is blocked from exiting the

Node. This is referred to as "Sinus Exil Block,”
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AV BLOCK
1’ first degree) AV Block
2° second degree) AV Block

3’ (third degree) AV Block

Atrio-Ventricular (AV) Block, when minimal, delays the impulse (from
the atria) within the AV Node, making a longer-than-normal pause before
stimulating the ventricles. More serious AV Blocks may totally stop some
(or all) atrial stimuli from reaching the ventricles.

In its most innocuous forman AV___ delays the Block
atrial impulse before it continues on to be condueted to the
ventricular myocardium.

NOTE: You will recall that there is a brief pause between
atrial depolarization and ventricular stimulation. This
pause between the P wave and QRS complex is
lengthened*® on the EKG tracing when a minor AV Block is
present. More serious AV Blocks will completely block
some (or all) impulses from reaching the ventricles (on
EKG a P wave with no QRS response).

NOTE: The three varieties of AV Block are:

first degree (1°) AV Block

second degree (2°) AV Block

third degree (3°) AV Block
I will use their alternate designations (in parentheses) so
that you will become familiar with both ways of expressing
each block, since both designations are common in current
literature.

*This lengthening is manifested as a prolonged P-R interval (see next page).



RHYTHM

- PR

%| . iIf greater than .2 sec.

The delay of first degree (1°) AV Block prolongs the P-R interval more than

one large square (.2 sec.) on EKG.

The delay caused by 1° AV Block prolongs the P-R

NOTE: Although “segments” are portions of baseline, an
“interval” contains at least one wave. So the P-R interval
includes the P wave and the baseline that follows it up to
the point where the QRS complex begins. The P-R interval
is measured from the beginning of the P wave to the
beginning of the QRS complex.

The P-R interval normally should measure less than one
large square or less than second.

e e

~

interval

2
(2/10)

RHYTHM

T
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1° AV Block

A first degree AV Block is characterized by a P-R interval greater than_ 2
sec. (one large square). The amount of P-R prolongation is consistent with
each cycle.

Once you recognize a prolonged P-R -, you interval
should determine the type of AV Block which is present.

Some type of AV Block is present if any — interval P-R
is longer than .2 second.

A AV Block is present when the first degree
P-QRS-T sequence is normal, but the P-R interval is (1%
prolonged the same amount in every eycle.

0.49 - 0.2 see

N ore
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oo A

_is a second degree AV Block in which the |

er until the AV Node is not pene

Mobitz I1 is noted when an occasional ventricular

T .
he Wenckebach phenomenon (pronounced Winky-bok) depolarization (QRS) is not conducted (“dropped”) after a

occurs when the AV Block prol ; -j {
progressige{l)yorﬁfht::cﬁ R i ' normal P wave, and there are generally normal, uniform
- succeeding cycle. interval " P-Rintervals in the : and following preceding
. cycles, (previous)

I'he P-R @nt.erva‘I becomes gradually longer from cyele to
cycle until the final P wave does not elicita
response. s

NOTE: Mobitz II block often heralds more serious
4 conduction problems with progressively more involved
) blocking of ventricular conduction.

The P wave allfld QRS complex get farther apart in
successive cycles. The last P is
- o— i stands alone. This wave

An occasional dropped QRS complex generally indicates a

2° AV Block. Mobitz 11

ND"I‘I_S: Wenckebach phenomenon is a type of 2° AV Block
This is a?sn referred to as Mobitz 1. Because the PR .
leng‘themng is gradual, you must discipline yourself to
mutn}e] y scan series of cycles for same in each EKG you
examine, ‘
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3:1 AV Block Mobltz T

T
bt

A Mobitz Il (second degree) AV Block may cause every-other QRS to be blocked

causing a two (P waves) to one (QRS) pattern to emerge.

NOTE: Return to the illustration on the previous page and
visualize how a repetition of that block pattern becomes

the upper tracing on this page (voilal).

A Mobitz II 2° AV Block may appear as two P waves (al a

normal rate) to one QRS response, often referred to as 2:1
AV

This 2:1 AV Block (Mobitz II) really means every-other
complex is dropped, and it makes a nice tracing
for a book cover (you might glance at this book’s cover).

Sometimes a Mobitz II (second degree) AV Block can require
J atrial depolarizations (normal rate) to elicit a single
response; this is written 3:1 AV
B]nck and it describes the mechanism of conduction. Poor
conduction ratios (e.g., 3:1. 4:1, etc.) relate to increased
severity of the block and are sometimes called "advanced”
Mobitz IT AV Block.

Block

ventricular

=4 ~r. ._;:'I.- '
HLi =

St Sy
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P
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“complete”

«PV.C.-like QRS's

Third de ree (“completel) AV Block occurs when n
i to the mt’rieﬁ
paced mdependently

In 3° (third degree) AV Block none of the atrial

depolarizations penetrate through to the ventricles. This is a
‘Cauf_& " AV Block.

NOTE: In 3° block, the block is “complete,” that is, no
atrial impulses get through to the ventricles. As a result,
the ventricles (or AV Junction) call ll;:tc}al acuon an ecwpu:
(focus) pacemaker. In Complete Block ther

rate ang an independent ventricular rate. If the QRS’s
appear generally normal, the rhythm is said _lo be
“idiojunctional” (Junetional pacemaker); bup if the _
ventricular complexes are P.V.C.-like, (see lllustra}twn),
then the rhythm is called "idioventricular” (ventricular
pacemaker). The location of the ectopic focus (pacemaker)

is sometimes assumed by the ventricular rate, i.e.,
ventricular rate of 40 to 60—dJunctional ectopic pacemaker;

ventricular rate of 20—40 is a ventricular ectopic
pacemaker (illustration),

One will find a certain atrial (P wave) rate and an

independent, usually slower, -
rate in third degree AV Block. This is a form efﬁ!

Dissociation.
——————————

6M6)f’3(’l 143

3’ AV Block

= ventricular rate: 20-40/min'

(no ventricular responsel. The ventnc]eh must be

complete

ventricular
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3’ AV Block
“complete”

1

5 *‘l Beseasesstsas

Bausa S

Junctional focus:

*Normal (narrow) QRS’s

*iventricular rate: 40- so,min

With third degree AV Block an ectopic focus in the unstimulated ventricles
begins pacing at its own slow (20-40/min.) inherent rate, or an ectopic

Junctional focus (illustration) may pace at its inherent rate of 40 to 60 per
minute.

NOTE: The ectopic focus is identified by ventricular rate
and QRS morphology.

Very slow rates are caleulated by taking the cycles per six

second strip and multiplying by ten

In the illustration a ectopic focus
(pacemaker) is setting the ventricular rate. Notice the
normal, independent atrial rate (AV Dissociation).

Junctional

NOTE: In 3 AV Block the pulse (ventricular rate) may be
so slow that the blood flow to the brain is diminished. As a
result, a person with complete AV Block may lose
consciousness and need to have his airway maintained.
This is Stokes-Adams Syndrome.*

“Patients with Stokes-Adams Syndrome require the (surgical) implantation of an arti

ficial pace-
maker, however, a temporary non-invasive pacemaker (see page 274) is therapeutic.
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Bundle Branch Block

in the Left Bundle Branch.

Normally the Right Bundle Branch quickly transmi‘ts the ;
stimulus of depolarization to the ve.nLrlcle.,‘ aln
the Left Bundle Branch does the same‘t;o the left ventricle.
This depolarization stimulus is. trgnsmxtbed to bqth
ventricles at the same time (i.e., simultaneously).

A block to either of the Bundle Branches creates a delay of
the impulse to that side.

Ordinarily both ventricles are
simultaneously.

Bundle Branch Block is caused by a block (of depolarization) in the Right or

right

electrical
(depolarization)

depolarized
(or stimulated)
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Two QRS’< id Ls
out of phasse wide QR

Bundle Branch Block

S

Bundle Branch Block

Therefore, in Bundle Branch Block one ventricle depolarizes slightly later

In Bundle Branch Block the QRS is is 3 small squares wide (.12 sec.) or greater,
than the other, causing two “joined QRS’s.” sl « 4 i S

and two R waves (R and R’) are seen.

When a Bundle Branch Block is present, either the left or

the right may depolarize late, ventricle
ilepending on which side is blocked.

The diagnosis of Bundle Branch Block is made mainly by
the widened ABEL (12/100 second or more). QRS

In order to make the diagnosis of Bundle Branch Block, the

QRS complex should be at least _ small squares three
wide (or .12 sec.). Make certain that you check the width of

the QRS routinely on every EKG that you read.

NOTE: The individual depolarization of the right ventricle
and depolarization of the left ventricle are still of normal
duration. Because the ventricles do not fire simultaneously,
it produces the “widened QRS” appearance that we see on
EKG. The two out-of-sync QRS’s are superimposed on one-
another, and the machine records it as a widened QRS.

NOTE: The needle which records the EKG tracing moves
rapidly enough to record accurately most of the heart’s
electrical activity. However, with great deflections the
needle lags a bit mechanically. The QRS deflections in the
chest leads may be so great that the needle (inaccurately)
records a QRS of a longer duration than it is in reality.
For this reason it is often wise to routinely check the limb
leads for QRS width.

Because the “widened QRS" represents the nonsimultaneous
depolarization of both ventricles, one can usually see two R

. named in order: R and R'. (R’ represents the waves
late firing ventricle.)

NOTE: If a patient with a Bundle Branch Block develops a
supraventricular tachycardia, the rapid succession of
widened QRS'’s may imitate Ventricular Tachycardia. Be
careful!
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Right B.B.B. Left B.B.B.

In Left Bundle Branch Block the left ventricle de

Bundle Branch Block the right ventricle depolarizes late.

In Bundle Branch Block you first notice a widened

—— .. Then you should be able to find the R,R’
configuration in the chest leads.

In Right Bundle Branch Block the ventricle

r_lepolarizes punctually, so the R" represents delayed activity
from the right ventricle.

In Left Bundle B_ranch Block the left ventricular impulse ig
delayed, go the right depolarizes first

and is followed by the delayed depolarization of the left
ventricle (R’).

NOTE: Bundle Branch Block infers a block of one branch.

De;_mlarization progresses very slowly through the blocked
region of the blocked bundle branch and produces a

(delayed) stimulus to that branch below the block (thus the
delay).
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polarizes late; in Right

QRS

left

ventricle

BRHYTHM
b
7 Right Chest Leads
4 ﬁm LeR%
;iff.f'
g
3 [ Left Chest Leads
o Ven

4w.(m@6

If there is a Bundle Branch Block, look at leads V, and V, (right chest leads)
and leads V; and V; (left chest leads) for the RR".

When the QRS complex is wide enough to mal_;e the
diagnosis of Bundle Branch Block, one immediately checks
the right and left chest

for the R,R". lead:

NOTE: During ventricular depolarization and just
afterward (up to the peak of the T wave), any additional
stimulus cannot depolarize the ventricles, that is, they are
refractory to any stimulus. Qccasionally this rel'ractmj
period varies between the two ventricles, so at a certain
rapid (critical) rate or after early (premature) _
supraventricular beats, one ventricle begins to depolarize,
but there may be a slight delay before the other ventricle
can respond. This unusual type of ventricular conduction
(called “aberrant conduction”) may imitate a classical
Bundle Branch Block because it also widens the QRS.

The right chest leads are V, and : v
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Right B.B.B.

If there is an R.R] in V, or V,, this is Right Bundle Block.

With a wide ____ (and a diagnosis of B.B.B.) one
checks the right and left chest leads for R,R’.

Then if there is an R,R" in V, or V, this is probably a
Bundle Branch Block.

In Right Bundle Branch Block the ______ ventricle is
depolarizing slightly later than the left ventricle, so the R’
in the above illustration represents the delayed
depolarization of the right ventricle.

150

RHYTHM

Left B.B.B.

left ventricle.

The left chest leads are V; and V;; and the sensor electrode
is over the left in both leads.

Occasionally the R,R’ will be séen only as a notch in the
wide_________in V;or Vg

In Left Bundle Branch Block the _ventricle fires
before the left ventricle, so the first portion of the wide
QRS represents right ventricular depolarization.

NOTE: Compare and make a mental note of the
characteristic Right and Left Bundle Branch Block
patterns on these two facing pages, for it is important that
you are able to distinguish these patterns by sight.

NOTE: Blocks of either of the two subdivisions of the Left
Bundle Branch are referred to as Hemiblocks, and they are
explained in detail beginning on page 245.

151

With a Bundle Branch Block an R,R’ in the left chest leads means that Left
Bundle Block is present, and the R’ represents delayed depolarization of the

ventricle

QRS

right
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Diagnosis: B.B.B.

Check for
RR
v, vzt/ \-»v5 v,

Remember, if there is a wide QRS (3 small squares), identify which Bundle
Branch is blocked by checking the left and right chest leads.

To have Bundle Branch Block the QRS must be at least
= of a second in duration. Just for smiles, let’s A2
identify the type of B.B.B. in the illustration on page 149.

NOTE: In some individuals a Bundle Branch Block
conduction pattern will not become evident until a certain
rapid rate has been reached. When a Bundle Branch Block
pattern due to aberrant conduction occurs only at a certain
rate this is called “critical rate” Bundle Branch Block.
Review NOTE, page 149.

The R,R’ pattern may occur in only one chest It lead
is often difficult to see the R’ but it can usually be found in
Vi, Vi, orin Vi, V.

NOTE: Occasionally one can see an R,R" in a QRS of
normal duration. This is called “Incomplete” B.B.B,

A

HHYTHM

IMPORTANT: In Left Bundle Branch Block one cannot accurately diagnose
infarction on EKG:

NOTE: In Left Bundle Branch Block the left ventricle

fires late, so the first portion of the QRS complex

represents right ventricular activity. Therefore we cannot

identify Q waves originating from the left v'entl_'lcle {which 0
signify infarction), because they will be buried in the

widened QRS.

The EKG should be studied for signs of infarction as usual o
witha__ Bundle Branch Block. Right

NOTE: With Left Bundle Branch Block other studies are
needed to verify the presence of a suspected acute
myocardial infarction.
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Rhythm: always check

P-R «..for AV Block

Remember that you must always check* the duration of the P-R intervals
and the QRS complex when routinely checking Rhythm.

You must always check® the P-R intervals on all EKG's.

Because if any is prolonged more than one large square,

then there is some kind of Block present (and, of AV
course, look for dropped QRS’s which indicate that a 2° or 3°

AV Block is present).

The QRS width must also be checked* on all EKG's, for if it
is prolonged there is a
Block.

Bundle Branch

NOTE: Check* the P-R intervals and the QRS width when
scrutinizing the rhythm on any EKG. This should be part
of your normal routine. The sudden appearance of an AV
Block or Bundle Branch Block often indicates impending
myocardial infarction.

NOTE: Hemiblocks are explained under Infarction on
pages 245-2b64. A Hemiblock is a block of one of the two
divisions ("fascicles”) of the Left Bundle Branch,

""Check™ can mean careful obgervation in an emergency siluation, or even with random bedside trac-
ings or monitor displays. However, when providing a clinieal interpretation, the durations of the
P-R intervals and the QRS complex are accurately documented in hundredths of a second.
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Bundle Branch Block

Vector = ?

accurately calculated in the presence of Bundle Branch Block.

NOTE: Because the Mean QRS Vector represents the
general direction of the simultaneous depolarization of thu.
ventricles, it is very difficult to reprt_esent such a vector 1dn
B.B.B. because the veutri(r:les are firing out of phas:e, ani
there are really two separate (right and left) ventricular

vectors.

The criteria for ventricular hypertrophy are based on a
normal QRS. Bundle Branch Block produces large QRS 1
deflections because each ventricle does not h%i\fe ‘the (usual)
simultaneous electrical opposition by depr‘J]ar:zaAuon from
the other ventricle. Therefore the EKG diagnosis of
hypertrophy should be very

guarded with B.B.B.

NOTE: In the presence of B.B.B., atrial hypertrophy may
be diagnosed as per usual.

155

Ventricular Hypertrophy?

The Mean QRS Vector (Axis) and ventricular hypertrophy cannot be

ventricular
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PRAGTICE TRAGING

An examining physician noted that this patient had an irregular pulse. He

was surprised to feel three pulse beats and then a pause. This pattern

repeated over and over.

A casual ank at all P-R intervals reveals that the last cycle
has a P-R interval which is longer than .2 sec., so we
suspect some kind of Block.

After the last eycle,»we note a lone
response.

wave with no QRS

By close examination we note that the P-R interval is
normal at first but becomes progressively longer with
each succeeding cycle. We now suspect,

phenomenon, which is a type of 2°

AV Block.

NOTE: Before you go on, take a little time and slowly
review the illustrations on pages 135 to 156.

NOTE: Review Rhythm by turning to the Personal Quick
Reference Sheets at the end of this book on pages 282 to
285. Also establish your routine methodology (page 280).
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_Bundle of Kent
o

In some individuals an accessory pathway “short circuits” the (usual) delay

of ventricular stimulation, causing premature ventricular depolarization
represented as a

-
The accessory |Bundle of ﬁf‘l‘r_ is said to provide Kent
ventricular "pre-excitation” in Wol “Parkinson-White

Syndrome.

[ /
The delta wave causes an apparent “shortened” P-R inferval . :H.' b
and “lengthened” QRS. The delta wave actually represents
stimulation to an area of the

premature

ventricles.

NOTE: W.P.W. syndrome is very important because
persuns with such an accessory conduction path can have
3 ivcardia of two mechanisms:
\_ventricular depolarization may immediately re-
stimulate the atria via this accessory conduction
pathway in a retrograde fashion causing a
theoretical circus re-entry loop.
supraventricular tachycardia (including
atrial flutter or atrial fibrillation) may
be rapidly conducted to the ventricles
1:1 through this accessory pathway.
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AXIS

Axis refers to the direction of depolarization which spreads throughout the
heart to stimulate the myocardium to contract.

NOTE: The axis around which the earth rotates has
nothing to do with electrocardiography, but we can borrow
the large arrow (“Axis”) in this picture.

lilectrical ‘MMQLL of the muscle cells of stimulation

the heart proceeds in a certain direction. (depolarization)

Axis refers to the —Mﬁ_ of the electrical direction

stimulus of depolarization.

158

To demonstrate the direction in which depolarization is moving, we use a

“vector” which is an arrow.

We can demonstrate the general direction of this electrical
path by a

in which most

This vector shows the .
of the electrical stimulus is traveling.

When interpreting EKG’s, a vector shows the direction of
electrical .

159

vector

direction

stimulation
{depolarization)
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AXIS

The QRS complex represents the electrical stimulation (and contraction) of

the ventricles.

PuRK\NIE FiBen)

Tf.w. ~—— complex represents the simultaneous
stimulation (depolarization) of both ventricles,

Ventricular depolarization and ___ouhe.dae~

can be said to be nearly coincident (but we know
contraction lasts longer).

Depolarization of the ventricles and their subsequent
contraction is represented by the QRS

160

QRS

contraction

complex

We can use small vectors to demonstrate ventricular depolarization which
begins in the endocardium (inner lining) and proceeds through the

ventricular wall,

NOTE: Once depolarization is beyond the AV Node, the
ventricular conduction system transmits this electrical
impulse to the ventricles with great speed. In this way
ventricular depolarization begins within the endocardial
(lining) surface and proceeds through the thickness of the
ventricular wall in all areas at the same tlme ‘(note small

vectors as shown),

The electrical impulse of depolarization is transmitted to all
areas of the endocardium (lining of both ventricles) with
such great speed that
depolarization generally begins at the level of the
endocardium in all areas at the same time.

Depolarization of the ventricles, therefore, essentially
proceeds from the to the outside
surface through the full thickness of the ventricular wall in
all areas at once.

NOTE: Notice that the left ventricular wall has larger
vectors. Also, t eptum depolarizes from left to right (not
shown).
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If we add up all the small vectors of ventricular depolarization {considering
both direction and magnitude), we have one large “Mean QRS Vector” which

represents the general direction of ventricular depolarization,

The origin of thé Mean QRS Vector is alwa_vs/thB
_AV-NOE

————

So no matter where the Mean QRS
tail is the AV Node.

points, the

Because the vectors representing the depolarization of the
left ventricle are larger, the Mean QRS Vector points
slightly toward the left

NOTE: Let me digress to explain that a vector really
represents direction and magnitude (of depolarization), but
to minimize confusion only direction has been mentioned
until now. Vectors of larger magnitude will be represented
by larger arrows; however, some authors use a larger
number of identical-sized vectors to show greater
magnitude.
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Vector:
Downward

and

left side.

The ventricles are in the left side of the chest and angle
downward and toward the

AV Node
The — Vector points downward and
Vector toward the patient’s left side.
NOTE: From now on “Vector” (capital "V") willl imply the
isuali tient’s
Mean QRS Vector. Visualize the \r'eclor. over the pa i
chest and remember that it always begins in the AV Node.
ventricle
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To (patient’s| left

Thus the Mean QRS Vector normally points downward and to the patient’s

lelt

Mean QRS
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AXIS

The position of the Mean QRS Vector is noted in degrees within a circle drawn

over the patient’s chest.

We can locate the position of the Mean QRS Vector within a
large __ around the heart.

@ the circle is the M l

The Mean QRS Vector normally points downward and to the
left, or between 0 and degrees.

NOTE: The “Axis” of the heart is simply the Mean QRS
Vector when located by degrees in the frontal plane. For
example, the axis of the heart in the above illustration is
about +40 degrees. Review the illustration and note that
0% is on the patient’s left, horizontally, and the lower half
of the circle is "positive” degrees, while the top half is
"negative” degrees.
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circle

AV Node

+90
(don’t forget
the +)

AXIS

If the heart is displaced, the Vector is also displaced in the same direction.
The AV Node is always the tail of the Vector.

If the heart is displaced toward the M. the Mean right

QRS Vector points to the right.

In very obese people the diaphragm is pushed up (and also

the hegrt), so the Mean QRS Vector may point directly to
the M (horizontal). left

The tail of this Vector is always the M&-

AV Node
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AXIS

Wi!.h_ hypertrophy (enlargement) of one ventricle, the greater electrical
activity on the hypertrophied side displaces the vector toward that side.

A hypertrophied ventricle has greater
activity.

. . s0 the Mean QRS Vector deviates toward the
a side.

NOTE: The hypertrophied ventricle has more (and larger)

vectors which draw the Mean QRS Vector in that direction.
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electrical

hypertrophied

In myocardial infarction there is a necrotic (dead) area of the heart that has
Tost I& Blood supply and does not conduct an electrical SUMuTUs.

NOTE: Myocardial infarction occurs when a branch of one
of the coronary arteries (the only source of blood supply
that the heart has) becomes occluded. The area supplied by
this blocked coronary artery has no blood supply and
becomes electrically dead,

In myocardial infarction (i.e., a coronary occlusion) there is

an area in the heart which has no supply. This blood
infarcted area is electrically silent, and therefore has no

vectors.

Since there is no electrical activity in the direction of this

infarcted area, the Mean QRS Vector tends to point away

from it, as thereareno _ in that area (i.e,, vectors
the vectors in the opposite direction are unopposed).

W ]
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AXIS

180

Now you understand why the Mean QRS Vector gives valuable information
about cardiac function. "Axis” is the Vector when given in degrees.

To determine the direction of the Vector, visualize a sphere surrounding the
heart with the AV Node at the center of the sphere.

The Mean QRS Vector should point downward to the

Visualize a large surrounding the heart. sphere
left or in the 0 to +90 degree range patient’s
(Normal Axis). |
The is the center of the sphere. AV Node
The Mean QRS Vector gives us valuable information about i ( _
the _ of the heart, position NOTE: The Mean QRS Vector w1]1_ have the AV Node at
: its tail, and the tip of the arrow will touch somewhere on
. the surface of this hypothetical sphere.
. and gives insight into ventricular ¢ 32
and myocardial hypertrophy
infarction

NOTE: The Mean QRS Vector tends to point toward
ventricular hypertrophy and away from infarction. As you
can see, these basic principles of Axis are so logical and
easy to understand, that one should employ this useful
diagnostic* tool whenever a twelve lead EKG is available.

“The very backbone of the diagnosis of Hemiblocks is based on changes in Axis
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AXIS AXIS

Lead I

With lead I, the patient’s left hand side of the sphere is positive and the right

With the sphere in mind, consider lead I (left arm with the positive electrode,
half negative.

right arm with the negative).

Lead 1 uses the right and left __ for monitoring. arms We can now consider the sphere intwo . halves
Introducing lead I into the sphere, the patient’s left side The patient’s right half of the sphere is negative
flefterm)is | positive s

Remember that we are considering only lead at this [
In lead I the right armis negative time.
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AXIS

electrode

on EKG | !

—

:\s the pt).‘-}iti?'f:‘ wave of depolarization within the myocardial cells moves
oward a positive (skin) electrode, there is a positive (upward) deflection

recorded on EKG.

An E_ulvancmg wave of depolarization may be considered a
movingwaveof _______ charges.

Wh_?-l this wave of positive charges is moving toward a
positive ____ electrode, there is a simultan

¢ i b eous
deflection recorded on EKG. FREEs

If you see an u.pwarr.l wave (of depolarization) on EKG, it
means at that instant there was a depolarization
stimulus moving ___________ a positive skin electrode.
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positive

skin

toward

If the QRS complex is POSITIVE (mainly upward) in lead 1, the Mean QRS
Vector is pointing somewhere into the patient’s left half of the sphere.

Obtain an EKG tracing and check the ________ complex in QRS
lead L.

NOTE: We check the QRS complex because it represents
ventricular depolarization on the EKG tracing.

If the QRS in lead I is mainly upward, it is
(positive or negative), positive

. . and if the QRS is positive in lead 1, then the Mean
QRS Vector points positively or into the half of left
the sphere (toward that positive skin electrode on the

patient’s left arm).

NOTE: This point becomes more clear if you go back and
review the preceding page in its entirety.
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AXIS

Still considering lead I on the tracing, i i
g, if the QRS is mainl g
(downward), the Vector points to the patient’s right side, ¥ S

!n lead 1 if the QRS complex is mainly below the baseline it
s (positive or negative). negative

Now chec!n'qg the lead I sphere surrounding the patient, a

Vector pointing to the negative half of the sphere points to

the patient's _____ side. ight
rig

If the QRS ‘;n lead I is mainly negative, then the Mean
ector points to the patient’s right side (awa RS
g y

from the positive electrode on the patient’s left arm). .

AXIS

If the QRS complex is negative in lead I (Vector toward the right), this is

Right Axis Deviation.

If the Mean QRS Vector points toward the right, we would
expect the QRS complex in lead I to be ;

If the Mean QilS Vector points to the patient’s right side (to
the right of a vertical line drawn through the AV Node),

this is Right —_ Deviation,

, this means

So if the QRS complex is negative in lead
that there is Right Axis Deviation (R.A.D.).
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AXIS

In Lead I
QRS Negative QRS IPositive

[ + JI\I'I'
W" = ==

Vector to patient's Right

Vector to patient’s Left

Right Axis Deviation

By simple observation we can tell whether the Mean QRS Vector points to

the left or right side of the patient.

Lead
Deviation.

is the best lead for detecting Right Axis

Il the QRS complex is positive in lead I (which it usually
is), this means there is no R.A.D. because the Vector is
pointing to the side of the patient.

In lead I the patient’s left arm carries the
electrode,
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left

positive

AXIS

4| Lett Foot

Wi

Lead AVF has a positive electrode on the left foot. Imagine a sphere around
the patient for lead AVF.

Forget about the lead previously mentioned. We will

consider only lead at this time. AVF

NOTE: We are now going to consider a completely

different sphere—that one surrounding the boc!_v when we

monitor lead AVF on the EKG machine. We w1‘ll have to

re-orient ourselves as to the positive and negative halves of

the sphere in AVF.
When we change the EKG machine to monitor lead AVT, i
the machine makes the sensor of the foot e
positive.
The lower half of this sphere is (positive positive
or negative).

AV Node

The center of the new sphere is the
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AXIS
AXIS

Lead AVF

For AVF the lower half of t} 2 j iti
of the sphere is positive, and the upper half is negative. In lead AVF if the QRS is mainly positive on the tracing, then the Mean QRS

Vector points downward.

The upper portion of the sphere (above the AV Node) is

(positive or negative). ;
negative In lead AVF if the Mean QRS Vector points downward, then
e ' the QRS complex on the tracing is upright or
he sphere in AVF has two halves, the upper half’ being peatisse
, the lower half being negativ
" 6
positive NOTE: Don’t get confused just because the positive QRS is

upright, and the Vector points downward. You must
remember that the Vector is pointing into the positive half
of the sphere when the QRS is positive. The lower half of
the sphere just happens to be the positive half in lead AVF,

Below the AV Node the (lead AVF) sphere is
. Reoriented now? positi
ive
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AXIS

QRS
in Lead

AVF

In AVF if the QRS is negative, the Vector points upward into the negative

half of the sphere.

The —____ of the sphere is the AV Node.

center

The upper half of the (lead AVF) sphereis negative

(positive or negative),

A negative QRS complex in lead AVF tells us that the
Mean QRS Vel.ftor points _________into the negative half
of the sphere (i.e. it is pointing away from the positive
electrode on the left foot).
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upward

AXIS

QRS QRS
in Lead I inLead AVF

+ [\ + +/\+
A

_I r—-.—

downward and to the patient’s left (normal range).

A mainly positive QRS in lead I indicates that the Mean

~ @RS Vector points to the ______side of the patient.

A mainly positive QRS complex in lead AVF means that the
Vector points .

So if the QRS is positive in both leads I and AVF, the Mean
QRS must point downward and to the left side
of the patient (and it usually does).

NOTE: The Mean QRS Vector is in the normal range
when it points downward to the left, since the ventricles
point downward to the patient’s left. Remember that when
speaking of Vector position, left or right refers to the
patient’s left or right side. If the QRS is upright in I and
AVF, (the “double thumbs up sign”), then the Vector
("Axis"”) is within the normal range.
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If the QRS is positive in lead I and also positive in AVF, the Vector points

left

downward

Vector



AXIS

These are the four possible axis quadrants where the Mean QRS Vector may

point. Visualize this large circle on the patient’s chest,

If the Vector points upward (from the AV Node) and to the
patient’s left, this is Left ________ Deviation (L.AD.).

If the Vector points to the patient’s right side, this is
Axis Deviation (R.A.D.),

If the Vector points downward to the patient’s left, it is in
the ____ range (i.e. Normal Axis).

NOTE: Remember, Axis is merely the position (i.e. the
direction) of the Mean QRS Vector.

182

FAPREALENS

e,
i

B T

&
YL

shraliall Jirekoailieg

Axis

Right

normal

By finding into which axis quadrant th? Vector points, we know in which
direction ventricular depolarization is going.

NOTE: This i the manner in which you should vis‘ualize
the four axis quadrants in a large circle (AV Node is
center) drawn on the patient’s chest. On some EKG charts
you may see such a circle into which this Mean QRS
Vector is drawn (in the frontal plane).

The upper left quadrant represents ___ Axis Left
Deviation (L.A.D.).
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AXIS

If the QRS is positive in lead I, and negative in AVF, that places the Vector
in the upper left quadrant.

If the QRS in lead I is upright, the Vector points to the

patient's

If the Vector is pointing upwards, then the QRS in lead

AVF is mainly

If the Vector points upward and to the patient’s left, this

is Left

the baseline.

Deviation (L.A.D.).
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left

below

Axis

AXIS

Now by looking at the QRS complex in I and AVF you can locate the Mean

QRS Vector in an axis quadrant (in the frontal plane).

Any time the QRS complex is negative in lead I, there is
_ Axis Deviation (R.A.D.), and when the Vector
points upward and to the patient’s right, this is often called
"extreme” Right Axis Deviation.

But if the QRS is positive in lead I and negative in lead
AVF, there is Left Axis

If the Mean QRS Vector points downward and to the
patient’s left, we would expect the QRS complexes in lead I
and AVF tobemainly ___ (positive or
negative).

NOTE: One can calculate the vector for a portion of a QRS
complex (e.g., the initial or terminal .04 sec.) in exactly the
same manner as for the Mean QRS Vector.
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When depolarization proceeds in a direction perpendicular to the orientation

of a given lead, the deflection is minimal and/or “isoelectric.”

Depolarization, when perpendicular to the orientation of a
lead, is directed negligibly toward either sensor, so the
recorded deflection is as much negative as positive and is

called

The word isoelectric literally means "same voltage,” so
positive and negative portions of the QRS complex are
about

Although the positive and negative deflections of an
isoelectric QRS are equal in magnitude, they are
generally __ in the limb leads.

NOTE: First, locate the Mean QRS Vector in a given axis
quadrant (i.e., Normal, L.A.D., R.A.D., or Extreme R.A.D.),
Then, find the lead in which the QRS is most isoelectric, so
you can more precisely locate the Vector (Axis). The Axis
will be about 90° from the orientation of the most
“isoelectric” lead. It is really very easy . . . see next page.

AXIS

Left Axis Deviation

t
isu:::tric Axis
I -90°
30 AVR -60°
§ii -30
X AVF 0
0
ol
Normal Range
most
isoelectric Axis
4 AVF o’
m +30°
AVL +60°
1 +90°

3 It is customary to locate the position of the Vector (Axis) in a more exact way
" (j.e. in degrees) in the frontal plane: first locate the axis quadrant, and then
" note the limb lead in which the QRS is most isoelectric.

NOTE: In review: First, locate the approp_ri_ate axis
quadrant, then to determine the exact posth_on of the
Vector (Axis), note the lead where the QRS is most

isoelectric i
L isoelectric.

& A patient with Left Axis Deviation would have a Mean
" QRS Vector of between 0 and __ degrees (QRS
~ positive in I and negative in AVF).

equal

small 3 ~ A patient with a Mean QRS Vector in the normalb range
~ would have an electrical axis of +30° if the QRS in lead

was isoelectric.
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-90°
(don't forget
the negative)

11



AXIS

Extreme Right Axis Deviation

Iln':!:::;rle Axis
1 ~-90°
AVL =120
b1 __-150°
AVF . -180

Right Axis Deviation

most
Isoelectric Axis
AVF +180° |
I s .. ), "‘150‘ i
AVR +120°
I +90°

The exact position of the Vector (Axis) can be located in a similar way for
Right Axis Deviation and Extreme Right Axis Deviation.

NOTE: In each case the axis quadrant is determined, then
the lead with the most isoelectric QRS is noted.*

A patient with R.A.D. and an Axis of +150 degrees would
probably have a tracing with an isoelectric QRS in

lead : o .

Finding an Axis of approximately —150° would mean that

the Vector is in the quadrant of ___ R.A.D. Extreme

NOTE: An Axis of 180° is either + or — depending on
whether the Vector is in the R.A.D. or Extreme R.A.D.
quadrant respectively.

“This is summarized for you (page 286) as your Personal Quick Reference Sheet, which is self
explanatory.
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The Axis is often recorded like the hands of a clock, the longer arrow is the
Mean QRS Vector, the shorter is the T wave vector.

The T wave has a vector which can be located by employing .
the same method that we use for locating the QRS

Vector.

NOTE: When the T wave vector and the QRS ‘Vector are
separated by 60° or more, this generally signifies
pathology.

The T wave vector is usually represented as a

arrow than the QRS Vector. smaller

NOTE: Axis is often noted in the literature by an "A” as
in A + 60°, and it may be called “electrical axis.”



'l‘htfrfe are three dimensions to the sphere so it is important to note the general
position of the Mean QRS Vector in the horizontal plane as well.

The horizontal )
bottom halves.

divides the body into top and

The chest leads form the plane.

NOTE: To determine changes ("rotation”) of the Mean
QRS Vector in the horizontal plane, one should examine
the chest leads.
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Lead V, is obtained by placing an electrode sensor on the chest along the left
side of the sternum (at the fourth interspace).

- The electrode sensor for lead Vyis — positive
. (positive or negative).

plane

NOTE: The sensor electrode for the chest leads is on a
suction cup which is moved to a different position on the
chest for each of the six chest leads (which form the
horizontal plane). In each case the suction cup sensor is

positive,

horizontal

The position of the sensor for lead V, places it in front of
the heart at the fourth interspace to the left

of the sternum
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AXIS

Normally the QRS in lead V. is ne .it ive, so the Mean QRb Vector points
an;u.nnﬂmmnmdm&uumuh,

Considering a sphere for lead V, we car
1 see that the front hal
and the back half is negative. SR

backward because of the (generally : ofty )
AN
‘v_‘_)_ L, 4
;;:;Eflghe::aea Zﬂlllt'll]fefur load Vs wgf“,:;.lll, vu;lw the patient . On the standard EKG the QRS complex in lead V, is
AV Node, o e sphere is still the center wsually _ (or below the baseline). negative
The patient’s back is ok e 2 ) Therefore the Mean QRS Veetor usually points
4 s cornigidered ————— (positive negative into the negative half of the sphere. backwanr

or negative) when considering lead V..

Normally most of the ventricular depolarization is directed
away from the positive V, electrode, toward the thicker and
more posteriorly positioned — ventricle. lel

The front half of the sphere is considered i
in lead V,. R positive
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The orientation of V., makes it the most important lead for the determination

of both Anterior and Posterior Infarctions,

The orientation of lead V, projects directly through the
anterior wall and the posterior wall of the left

So lead V, reflects the most reliable information concerning
Anterior Infarction and Posterior Infarction of the
ventricle.

NOTE: As you will soon see, both ventricular
depolarization and repolarization should be serutinized in
the right chest leads, because subtle vector changes are
reflected there by both anterior and posterior infarctions
(of the left ventricle).

194

ventricle

left

AXIS

3 There is @ n n from the generally negative QRS in V, to the
N generally positive (upright) QRS in V.

in lead V.

transitional zone.,

" The QRS is usually mainly negative in lead V,, and it is
- mostly

. If one scans lead V, through lead Vj, it is noted that the
" QRS becomes as much positive as
isoelectric) in lead Vy or V. This is known as the

(ie.,

q\.t,_ﬂo .

positive

negative

NOTE: You will recall that an isoelectric QRS is 90° away
from Mean QRS Vector. So a shift (“rotation”) of the Vector
in the horizontal plane (of the chest leads) is ref !ected as a
change in position of the "transitional” (isoelectric) QRS in

the chest leads.
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AXIS HYPERTROPHY

Axis Rotation (left/right &

in the horizontal plane

Hypertrophy usually refers to an increase in size, and when relating to

Rotation of the Vector in the horizontal plane is noted in terms of clockwise
muscle this term refers to increase in muscle mass.

(toward the patient’s left) or counter-clockwise (toward the patient’s right)
rotation.

Note: This picture is the arm of a weight lifting
enthusiast. 1 had contemplated using a picture of my own
arm, but I soon abandoned the idea because I would then
have to title this section "hypotrophy” (if there is such a

word).

NOTE: With the AV Node as the anchored tail of the
Mean QRS Vector, we can determine rotation of the Vector
in the hoizontal plane. When the isoelectric “transitional”
QRS has moved to the patient’s left, into leads V, or V,,
this is called clockwise rotation. If we see a transitional
QRS (i.e. isoelectric QRS) in right chest leads V, or V,, this
is counter-clockwise rotation.* Anatomically, the heart is
not capable of much movement in the horizontal plane, but
we do know that the Vector tends to shift toward
Ventricular Hypertrophy and away from Infarction, so this
is exceptionally valuable information.

NOTE: Axis deviation is in the frontal plane, while
rotation is in the horizontal plane. Review Axis by turning
to the Personal Quick Reference Sheets at the end of this
book on page 286, and note the simplified methodology on
page 280,

*I would have preferred naming these Vector shifts "leftward” and "rightward” since they don't relate
well to my clocks, but since Medicine reveres tradition we will respect the conventional terminology.
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HYPERTROPHY

ST lEssiE T

RHELE

Hypertrophy of a chamber of the heart refers Lo an increase in the thickness

of the wall of that chamber, but some dilation is always present.

Hypertrophy of a chamber of the heart means that the
muscular wall of that chamber has dilated and thickened
beyond —_ thickness.

Hypertrophy may increase the volume which the
— contains, and the wall of thal chamber is
usually thicker than normal.

The increase in the muscular thickness of the wall of a
given chamber of the heart may be diagnosed on

198

normal

chamber

EKG

HYPERTROPHY

Atrial Contraction

P wave

Since the P wave represents the contraction of both atria, we examine the P

wave for evidence of atrial hypertrophy.

The depolarization of both atria causes their

contraction

The depolarization of both atria is recorded on EKG as

wave.

Signs of _____ hypertrophy can be noted by atri
examining the P wave on the EKG tracing.
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HYPERTROPHY

Lead V, is directly over the atria, so the s our best source of

information about atrial enlargement.

—-—"‘E.—'-"__=._.__‘_‘_‘-ﬂ

The sensor electrode which is placed on the chest when
recording lead V, is considered
(positive or negative).

Lead V), is recorded by placing an electrode just to the right
of the sternum and in the 4th interspace; this places our
suction cup sensor directly over the '

Because this electrode is closest to the atria, lead V, should
be the most valuable lead to check for atrial

So one would expect the P wave in lead to give us the
most accurate information about atrial hypertrophy—and it
does!

200

positive

atria

hypertrophy

Vi

& called a

HYPERTROPHY

A wave which has both positive and negative portions is
wave (two phase wave).

. By diphaaic we mean that the same wave has deflections

and below the baseline.

The diphasic P wave is characteristic of atrial hypertrqphy,
but we want to know which is hypertrophied.
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. the P wave is diphasic (both positive and negative).

diphasic

above

atrium



that one of the atria is hypertrophied.

thicker and probably more dilated than his left.

HYPERTROPHY HYPERTROPHY

initial
" component

terminal oo
component =

If the gf a diphasic P wave (in V) is largest, this is ]
Atrial Hyperfmp!n'
b-1s ,(\ 2/
Fwaua = Peﬁua‘ (Lh" d,u(q l‘S ®60-1 &qu( () ) Aol Bi A Pu c
Ifthe Pwaveinlead Viis ___ then we know diphasic A patient who has hypertrophy of the left atrium because

the mitral (outflow) valve is stenosed” will have a diphasic

\
P wave in lead
Ifthe —__ portion of the diphasic P wave is initial s ) "
the largest of the two phases, then there is Right Atrial The component of this patient’s P wave in termin:
Hypertrophy, V, is the largest component.
A diphasic P wave in V, with a large, often peaked, initial The terminal component of a diphasic P wave in lead V, is )
component tells us that this patient's _ atrium is right usually (positive or negative). negaLn

*This narrowing of the lumen of the mitral valve is but one of many potential causes of lefl atr
NOTE: If the height of the P wave in any of the limb hypertrophy.
leads exceeds 2!/, mm (even if it’s not diphasic), suspect

Right Atrial Hypertrophy.
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HYPERTROPHY HYPERTROPHY

& Right Ventricular Hypertrophy

However, in Right Ventricular Hypertrophy there is a large R wave in V.

ch- L'f Ao -

Considering the QRS complex in V,, the S wave is normally larger than the
R wave.

" In Right Ventricular Hypertrophy there is a large
The QRS complex represents ventricular activation, so we . wave in lead V,.
would expect it to reflect some indications of the presence

of hypertrophy. ventricular

NOTE: With Right Ventricular Hypertrophy the wall of
the right ventricle is very thick, so there is much more
(positive) depolarization (and more vectors) toward the
(positive) V, electrode. We would therefore expect the QRS
in lead V, to be more positive (upward) than usual.

In lead V, the QRS complex is mainly negative, and the
wave is therefore usually very short, R

NOTE: The V, electrode is positive. Ventricular
depolarization moves downward to the patient’s left side
and posteriorly (the thicker left ventricle is more
posteriorly located). Because ventricular depolarization is
moving AWAY from the V, (positive) electrode, the QRS in
V, is usually mainly negative. Remember that the Positive
depolarization wave moving toward a Positive electrode
records a Positive deflection on the EKG tracing.
Similarly, depolarization moving away from a positive
electrode records negatively.

than the R wave smalls

The S wave in lead V, is
in Right Ventricular Hypertrophy.

— ¥
B with WF 4. 237

‘- /g ST seqund lérrfm |
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Right

HYPERTROPHY

Ventricular

er in Vg, v;', _v‘, ete.

In Right Ventricular Hypertrophy, thélarge R wave of V, gets Pmﬂy’) .'

Hypertrophy

When Right Ventricular Hypertrophy is present, there is a

large R wave in lead

smaller in chest leads V,, V,, and V,.

which becomes progressively

The progressive decrease in the height of the _ wave is
gradual, proceeding from the right chest leads to the left

chest leads.

NOTE: The enlarged right ventricle adds more vectors
toward the right side, so there is often Right Axis
Deviation (in the frontal plane) and rightward (“counter-
clockwise”) fotation of the Vector in the horizontal plane.
Visualize the reason for these Vector shifts, and you will
comprehend the criteria more elearly.

2006

HYPERTROPHY

Left N

Ventricular | !

Hypertrophy

In Left Ventricular Hypertrophy, the left ventricular wall is very thick
causing great QRS deflections (chest leads).

. The wall of the ventricle is normally the thickest lefi
v, - of all heart chambers.
Hypertrophy of the left ventricle causes QRS complexes
R which are exaggerated in both height and depth, especially

in the leads. chest

NOTE: Normally the S wave in lead V, is deep. But with
Left Ventricular Hypertrophy even more depolarization is
going downward to the patient’s left—away from the
positive V, electrode. Therefore the S wave will be even
deeper in V,. There will be Left Axis Deviation, and also
the Vector will be displaced to the left ("clockwise”
rotation) in the horizontal plane. Visualize and understand
the reason for these shifts of the Vector. Lasting
knowledge results from understanding.
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HYPERTROPHY

Left Ventricular

With Left Ventricular Hypertrophy there is a large S in V, and a large R in

V_.-‘.

With Left Ventricular Hypertrophy there is a very tall
wave in lead V,.

NOTE: Lead V; is over the Left Ventricle, so the increased
depolarization is going toward the electrode of V, when
there is L.V.H. This results in more (positive)
depolarization going toward the (positive) electrode of V.,
producing a very tall R wave in that lead.

‘In Left Ventricular Hypertrophy there is a very tall R wave
in , and this excessive depolarization moving away
from the V, electrode produces a deep S wave in lead V,.
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HYPERTROPHY

mm of S in Vy

+

mm of R in Vg

Total

To check an EKG for Left Ventricular Hypertrophy, one
must add the depth of the S wave in V, to the height of
the wave in Vj.

If the depth (in mm) of the S wave in V, added to the
height of the R wave (in mm) in V; is greater than 35, then
Left Ventricular is present.

NOTE: This addition of the S in V, plus the R in V;
should be routinely checked (mere observation will usually
tell) with every twelve lead EKG. When providing a
written EKG interpretation, however, one should measure

and document the amplitude of these waves in millimeters.
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—(lf more than 35mm there is L.V. H.)

Depth (in mm) of S in V, plus the height of R in V;; . . . if greater than 35
mm, there is Left Ventricular Hypertrophy.
Sofoe V
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HYPERTROPIY

Left Chest Leads

Inverted T wave

e

T

is T wave inversion g

The T wave often showl "Left Ventricffr Hypertrophy” characteristics. There

P OD willy ischasaia

There is a characteristic wave which can usually be
seen when Left Ventricular Hypertrophy is present.

Since_the left chest leads (V; or V) are over the
ventricle, these are ideal leads to check for this T wave
which indicates L.V.H.

This inverted T wave has a gradual downslope and a very
steep return to the , making it
asymmetrical.
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i

ventricular strain the ST segment becomes depressed and humped.

" Ventricular strain is characterized by moderate depression
of the segment,

NOTE: Strain is usually associated with ventricular
hypertrophy, which is logical, since a ventricle which is
straining against some kind of resistance (e.g., valvular or
increased vascular resistance) will become hypertrophied in
its attempt to compensate.

left

baseline
Ventricular causes a depressed ST segment

which generally curves upward or humps gradually in the
middle of the segment.

-
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Ventricular hypertrophy may be associated with a strain pattern. With
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strai



HYPERTROPHY _ b INFARCTION

iqutzitri:it fl'r:our:it\uf the information concerning hypertrophy of heart chambers & K Arteriosclerosis may occlude a coronary artery, or an arteriosclerotic plaque
e £ p may be the seat of a thrombus which occludes a coronary. Coronary occlusion

causes Myocardial Infarction.

‘lﬁh(‘;: 1'0utim_aly reading a 12 lead EKG tracing, you should :
thgtl.h;?nt:::.;f g -of any of hypertrophy S NOTE: Myocardial Infarction results from an occlusion of
' : e 4N a coronary artery. An area of the heart is then without
' blood supply. This type of occlusion may be relative in that
First. chec i e ms SR - a person with severely narrowed coronary arteries may
irst, check the P wave in lead V, to see if it is function well at rest. But with excitement or exertion the
diphasic & rapidly pumping heart demands an increased blood (and
3 oxygen) supply which his coronaries cannot deliver. This
type of Myocardial Infarction can be just as serious or

t‘:‘recnnd. check the R wave in V,, and then check the S wave ; 4 deadly as can a classical coronary occlusion.
in V, and the wave in V;, R i .
NOTE: Revi ) . . NOTE: This section is called Infarction which infers a
'1E: Review Hypertrophy by turning to the Personal g complete occlusion of a coronary artery. We can also
?Slal‘l'lrk Re‘ference Sheets at the end of this book on page 1 determine whether a coronary artery is somewhat
2Smund relate this to the simplified methodology (page ' narrowed, rendering a decreased blood supply to the heart.
) 3 Therefore keep in mind that we read the electrocardiogram

to determine the status of coronary perfusion of the heart.
Coronary spasm also plays a role in coronary disease.
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INFARCTION

Myocardial Infarction occurs when a coronary artery supplying Lh 1
ventricle becomes occluded, producing an area of myocardium without blood

supply.

The terms myocardial infarction,
occlusion, and heart attack refer to the same serious
phenomenon.

The heart derives its only blood supply from the

— arteries, and when a branch of a coronary
artery narrows markedly or is blocked, the area of
n}yucurdium which this branch supplies is without adequate
circulation.

'I'hi_s “infarcted” area is usually in the left ventricle and
serious arrhythmias or __ may result.

214
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Area of infar

INFARCTION

T S RS T YT WY

SRR

Usually only the thick left ventricle suffers myocardial infarction.

" The left ventricle is the thickest chamber of the heart; so if
the coronary arteries are narrowed, the left ventricle, which
needs the greatest blood supply, is the first to suffer from

“diminished _@M% circulation. coronary

- The blood is pumped to all pafts of the body by the heavy
! ventricle. left

coronary 8

coronary

NOTE: When we describe infarcts by location, we are
speaking of an area within the left ventricle. Arteries to
the left ventricle may send branches to other areas of the
heart, so an infarction of the left ventricle can include a

i small area of another chamber.
death

=
3]



INFARCTION

This infarcted area of the left ventricle with no blood supply is electrically

dead and cannot eonduct electrical impulses.

Infarctions generally occur within the wall of the left

An area of infarction conducts no
impulses because the cells are dead and cannot depolarize
normally.

NOTE: This infarcted area produces an electrical void, and
the rest of the heart (with an adequate blood supply)
functions as usual.

216

(no electrical
activity)

INFARCTION

(> Ischemia

Y

(ﬂw\’e IH&WICJ’>

@ Injury

(v Infarction

The classical triad of an acute myocardial infarction is "ISCHEMIA
"INJURY,” and "INFARCTION," but any of these three may occur alone.

The"‘three 1" triad !s the basis for recognizing and ‘
diagnosing The signs of infarction.

means literally reduced blood, referring to

myocardial

ventricle

electrical Ischemia

~  poor blood supply.

NOTE: Ischemia, Injury, and Infarction need not all be
present at once to establish the diagnosis of myocardial
infarction, but rather provide a good set of criteria to check

routinely.
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INFARCTION

Ischemia

The typical Ischemia T wave is symmetrically inverted.

G op Lt Veukride 1396""’?5?\/

Ischemia (decreased blood supply) is characterized by inverted (upside-down)
T waves.

NOTE: With every EKG you should routinely check for T
wave inversion. Since the chest leads are nearest the
ventricles, T wave changes will be most pronounced in
these leads. Always run down V-V, (as well as the limb
leads) and check for T wave inversion® to see if there is
diminished coronary blood flow.

Ischemia means reduced —__ supply (from the blood
coronary arteries) or less than is normally present.

T wave is the characteristic sign of inversion
Ischemia and may vary from a slightly flattened or :

depressed wave to deep inversion.
The T wave of Ischemia is inverted and is
that is the right and left sides symmetrical

Inverted waves may indicate ischemia in the absence ™8 are mirror images.
of myocardial infarction. There can be a reduced blood

supply to the heart without creating an infarction.

*In adults flal (nonexistent) T waves or minimal T wave inversion may be a normal variant in any
of the limb leads (frontal plane); however, any T wave inversion in leads V; through Vg is considered
pathological.
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Injury indicates the acuteness of an infarct, and the ST segment elevation

denotes “injury.”

NOTE: Acute means recent.

The ST segment is that section of baseline between the QRS
complex and the wave,

Elevation of the segment signifies "injury.” The ST
segment may be only slightly elevated, or as much as ten or
more millimeters above the baseline.

The of the ST segment gives us
evidence that an infarct is acute.

220

elevation

INFARCTION

ST Elevation

e

I
almost _;-‘ 4%l L ! L 11

NOTE: If you have made the diagnosis of infarction, it is
important to know whether the infarction just occurred and
needs immediate treatment, or if the infarction is old—
maybe years old.

rises above the baseline with an

~ The ST
. acute infarction and later returns to the level of the
baseline.

NOTE: If the ST segment is elevated without associated Q
waves, this may represent “non-Q wave infarction,” which
is a small infarction that may herald an impending larger
infarct. Significant ST changes require enzyme studies and
close scrutiny.

NOTE: A ventricular aneurysm (the outward ballooning of
the wall of a ventricle) may also cause ST elevation, but
the ST segment in this case does nof return to the baseline
with time, Pericarditis may elevate the ST segment;
however, the T wave is usually elevated off the baseline
also (next page).
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E If there is ST elevation, this means that the infarction is acute;
' ST elevation alone may indicate a small infarction.

segment
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INFARCTION

Pericarditis

flat or concave |elevated ST segment

elevated ST segment| and T wave off
baseline |
! | | Suqudowdﬂ
i

- 10\}0'{(

. @ Shew
“Teat
L.\/. \”\ ’

!
1

L]
With pericarditis the ST segment is elevated, and it is usually flat or concave. The ST segment may be depressed in certain conditions, ,F 2441
The entire T wave may be elevated_off the baseline.
Digitalis may cause of the ST depression
NOTE: Pericarditis may be associated with infarction. segment.
Pericarditis can the ST segment. It will elevate NOTE: During angina the ST segment islt-ernpurarily
usually produce an elevated ST segment which is flat or depressed, but this resolves when the anginal attack
slightly concave (middle sags downward); this resolves with abates.
time,
When a patient with suspected coronary Ischemia is B
seems to elevate the entire T Pericarditis exercised, transient depression of the segment may S
wave off the baseline, that is, the baseline gradually angles occur, confirming the diagnosis (Stress Test).
back down (often including the P wave) all the way to the
next QRS. _ _
A infarction—an infarct which subendocardial

does not involve the full thickness of the left ventricle—will
NOTE: The characteristics shown in the left hand depress the ST segment (see next page).
illustration are found in a lead in which the QRS is

usually mainly negative (like the right chest leads). The
pattern shown on the right hand illustration is seen in a

lead where the QRS is mainly positive (like I or I1).
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Subendocardial Infarction

Q Wave

. Infarction !
(flat) ST depression

Subendocardial infarction causes a classical flat (horizontal) depression of the
ST segment; however, any significant ST depression should cause suspicion
as to presence of subendocardial infarction.

The Q wave makes the diagnosis of infarction.

. The diagnosis of myocardial infarction is usually made by

~ thepresenceof Q. waves
Subendocardial infarction (it was originally called

subendocardial injury) is identified by ST depression in

whichthe 8T remains flat (horizontal or segment
downsloping).

NOTE: The Q wave is the first downward part of the QRS
complex and is never preceded by anything in the complex.
If there is any positive wave—even a tiny spike—in a
QRS complex before the downward wave, we must call the
downward wave an S wave (the upward part preceding it
being an R wave).

NOTE: Subendocardial infarction, a type of "non-Q wave”
infarction, involves only a small area of myocardium just
below the endocardial lining. True myocardial infarctions
usually involve the full thickness of (left) ventricular wall
in the area which is affected. Even though subendocardial
infaretions may involve only small areas of myocardial
tissue, they should be treated much like a true M.I.

Be cautious because subendocardial infarction is often
considered a sign of impending myocardial infarction.

. Qwavesare _ in most of the leads in the tracing absent
~ of a normal person.

NOTE: Serum enzyme studies should be carried out with
any acute ST depression (or elevation) which persists.
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A significant @ wave is one small square wide (.04 sec.) or one-third of the
amplitude of the entire QRS complex.

Tiny insignificant Q waves may be seen normally in some leads.

Very small Q waves may bepresent _____in normally '
certain leads, They usually represent normal septal i ~ Significant waves are indicative of pathology—namely Q
depolarization. . the presence of an infarction.
When these small Q waves are present, they are called ; . A significant Q wave is usually one small square (i.e., one
Q waves because they do not insignificant " millimeter) wide and is therefore second in duration. .04

signify the presence of an infarction.

- Another helpful standard of a significant Q wave is when
Leads I, I1, Vy, and V,; commonly contain insignificant Q 8 the Q wave is one-third the amplitude (height and depth) of
waves: @ theentire_ complex. QRS

NOTE: Currently, the width (duration) criteria for
J significant Q waves have taken precedence over those of
g B O depth (voltage). Some authors refer to significant Q waves
' as “"pathological” Q waves for obvious reasons.
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INFARCTION
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Q waves in| V,, V) Vg, V/signify an anterior infarction. Is this one acute?

hies el

The presence of Q waves in leads V,, V,, Vj, or V, indicates '
" an infarction in the anterior portion of the _LEFT left
ventricle.

When looking at a tracing, note in which leads you can find significant Q
waves. (0

To check for infarction one should scan all the leads for the
presence of Q waves. significant

NOTE: The anterior portion of the left ventricle includes
part of the interventricular septum. Some cardiologists say
that when Q waves appear in V, and V,, these infarctions
include the septum and are therefore often called "septal”
infarctions. For all practical purposes, the presence of
significant Q waves (remember V, and V; may have tiny
normal Q’s) in the chest leads means anterior infarction.

NOTE: Forget about lead AVR since this lead is positioned
in such a way that data regarding Q waves is unreliable.
Careful examination will reveal that lead AVR is like an
upside-down lead II. So the large Q wave which is
commonly seen in AVR is really the upside-down R wave
from lead II. Even if you don't understand the logic behind
AVR’s phony Q's, don't check it for signs of infarction,

When checking a tracing, either on the long strip or Any anterior infarction may cause significant & waves in Q
mounted, write down those ______ in which you find leads any of the chest leads or just one chest lead. The chest leads

significant Q waves, ST segment elevation (or depression), are mainly anteriorly placed, and that's a good way to

and inverted T waves . . . alone or in combination. remember how to diagnose anterior infarction,

NOTE: Because of the ST elevation, this is an acute
anterior infarction.
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3' Lateral
| Infarction

If there are Q waves in leads | and AVL, there is a lateral infarction.

A lateral infarction is one that has affected the portion of
the —— ventricle which is closest to the patient’s left
side.

When a lateral infarction oceurs, it will cause Q
__ to appear in leads | and AVL. The one
illustrated above is old.

NOTE: One might abbreviate Laterial Infarction as L.I.
Just remember AVL for "Lateral” and "T” for Infarction
(after all, Roman Numeral | is just a capital i). It'’s an easy
way to recall the leads demonstrating lateral infarction.
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\ AVF.

left The inferior wall of the heart rests upon the diaphragm so
~ the term diaphragmatic infarction refers to an infarction in

- the inferior portion of the left

waves i " An____infarction is identified by significant

Q waves in leads 11, 111, and AVF.

NOTE: If I told you the way I remember the leads for
inferior infarction, this book would be banned. An acute
inferior infarction would probably be diagnosed by a person
who notices significant Q waves in leads II, III, and AVF,
and ST elevation in those leads. Is the one shown above
acute?
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Inferior (diaphragmatic) infarction is designated by Q waves in II, III, and

ventricle

inferior
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INFARCTION

Left Ventricle
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Note that the electrical activity of the anterior wall and posterior wall of the

If an acute anterior infarction produces Q waves and ST elevation in V, and {
left ventricle is in opposite directions.

V.. then a posterior infarction would appear the opposite. -

An acute anterior infarction produces significant @ waves in
the first few chest leads with ST in elevation
the same leads.

NOTE: Ventricular depolarization may be said to proceed
from the endocardium (lining) to the epicardium (outside

surface) of each ventricle.

Just considering V, and V, the appearance of significant Q
waves and ST elevation would be indicative of acute
infarction.

Depolarization of the anterior wall of the left ventricle
proceeds from the endocardium of the left ventricle
anteriorly to the

epicardium anterion

NOTE: Acute posterior infarction of the left ventricle
would produce the exact opposite to the pattern of acute
anterior infarction, because the anterior and posterior walls
of the left ventricle depolarize in opposite directions.

Depolarization of the posterior wall of the left
ventricle proceeds from the inner endocardium, which lines

the left ventricle, through the full thickness of the

ventricular wall to the outside ventricular surface

(epicardium).

Vectors representing the depolarization of the anterior and
posterior portions of the left ventricle point in
directions. opposite
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| " =

- ., | Acute Posterior Infarction

: : , v
I I

Anterior Posterior 7 E V. _}.1 |

Infarction Infarction ! 1 g/
| ]

"LeadV; or LeadV,

.ln acute posterior infarction there is a large R wave (the opposite of a Q wave) 3
in V, and V.. -

In acute posterior infarction, there will also be ST depression (opposite.
sual” elevationfin V, or V..

. An acute anterior infarction will cause Q waves in the chest

NOTE: In lead V,, for instance, a Q wave turned upside-
" leads and the ST segments willbe . elevated

down would appear like an R wave (and as you will recall,
R waves are usually very tiny in V,).

NOTE: Since the posterior wall of the left ventricle
depolarizes in a direction opposite to that of the anterior
wall, an acute infaret to the posterior wall will cause ST
DEPRESSION in V, or V..

A significant "Q wave” from an infarction in the posterior
portion of the left will cause a large ventricle -

1 ¢ _ ntricle
R (positive deflection) wave in lead V,. :

Suspect a true posterior infarction when you see a large
wave in V, or V,, even though Right Ventricular R
Hypertrophy can cause them. :
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AE Infarction

In summary, acute posterior infarction is characterized by a large R wave
and ST depression in V,, V. (and/or V,).

NOTE: Always be suspicious of ST segment depression in
the right chest leads —it could indicate a true posterior
(acute) infarction. (If you do not recall those things which
can cause ST depression, look back at page 223). The
diagnosis (see page 224) of an anterior subendocardial
infarction (because of depressed ST segments in chest
leads) should be made with extreme caution, because this
may really represent an acute true posterior infarct.
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vl_i_ﬂ/L Acute Posterior

INFARCTION

If an acute posterigr infarction is suspected (large R and ST depression in V,
or Va), try the W

NOTE: If a posterior infarction is suspected by tall R
waves and ST depression in V, or Vy, try the mirror test:

First, turn the entire tracing upside-down. Then, look at
V, and V, in a mirror and you should see the classical
signs of acute infarction, i.e., a big Q wave and ST
elevation. Try this maneuver with the illustration on the
previous page. It is an easy maneuver to perform, if you
can keep from looking at yourself in the mirror.

This test consists of two maneuvers, namely inverting the
tracing and looking at the inverted V, and V, in a

237
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Always Check Vg and V2 for:

1. ST elevation and Q waves

g . ; (Anterior Infarct )

¥ il

_. \maaeé 2. ST depression and large

2 R waves (Posterior Infarct)

Although posterior infarctions are very severe, they are easy to overlook,

In Left Bundle Block, the left ventricle (which generally |
. the only chamber to infarct) depolarizes after the JA%( right

~ ventricle.

When making your routine reading of an EKG, pay special
attention to leads V, and . while looking for signs of V. 48
infarction. 3

NOTE: ST changes in leads V, and V, are always
significant and important, both depression and elevation. " So any Q wave originating from the left ventricle could not

" appear at the beginning of the QRS (with complex
~ Left B.B.B.) and would fall somewhere in the middle of the

QRS complex. Thus it would be difficult to identify

i significant Q's in this case.

Check for Q waves in V, and V, and also observe the height
of the waves, R

NOTE: And remember how important T wave inversion

|
; NOTE: One special exception is possible. The right and &A
can be in all leads.

left ventricle share the interventricular septum in common.
So an infarct in the septal area would be shared by the
right ventricle which depolarizes first in Left B.B.B. This
would produce Q waves at the beginning of the wide QRS.
Therefore even in the presence of the Left B.B.B., Q waves,
in the chest leads might make one suspect (but not
confirm) septal (anterior) infarction,
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Right Coronary Left Coronary}

Posterior
large R in Vq, Vo
-maybe Q in Vg
‘mirror test

Lateral
QinI,AVL

: Anterior
Inferior ' Q in Vq, Vo,
Q in I, I, AVF V3 or V4

Locating infarctions is a common practice, but with a little anatomical
knowledge of the heart’s coronary blood supply,” we can make a far more
sophisticated diagnosis.

Locating an infarct is important because the prognosis depends on the
location of the infarction.

There are general locations within the left four &
ventricle where infarctions commonly occur. - There are ___ coronary arteries which provide the two

heart with a nutrient supply of oxygenated blood.

NOTE: More than one area in the left ventricle may
infarct. One area may be very old and one very recent, so

The Left coronary artery has two major branches; they are
correlate the ST elevation with the appropriate leads for

the Circumflex branch and the Anterior

the location of,an infarct. If ST elevation is present in branch. Descending
leads without @ waves, "non-Q wave” infarction must be
ruled out.

The __________ coronary artery curves around the right Right

_ ) ventricle.
Be careful about diagnosing an infarction in the presence of

a_______ Bundle Branch Block. Left

NOTE: Isolated areas of Ischemia (T inversion) or ST
elevation (non-Q wave infarction) ean also be “located”
using the same location criteria.

*The pulmonary artery has been surgically removed from this illustration to show the origin of the
coronary arteries at the base of the aorta.
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Lateral
Infarction

INFARCTION

Acute Posterior
Infarction

A lateral infarction is caused by an occlusion of the Circumflex branch of
the Left coronary artery. An anterior infarction is due to an occlusion of the
Anterior Descending branch of the Left coronary artery.

The Circumflex branch of the Left coronary artery
distributes blood tothe _____ portion of left lateral
ventricle.

The Anterior Descending branch of the left coronary artery
supplies the — part of the left ventricle with anterior
blood.

The Circumflex and the Anterior Descending are the two
main branches of the _ ___coronary artery. Left

3]
=
(]

True posterior infarctions are generally due to an occlusion of the Right

coronary artery or one of its smaller branches.

The — coronary artery swings around behind the
right ventricle to supply the posterior portion of the left
ventricle.

A posterior infarction is caused by an occlusion of a branch
oftheRight ______ artery.

NOTE: For a long time the Right coronary artery was
considered to play only a minor role in the blood supply of
the heart. The sophisticated techniques of coronary
angiography have shown that the Right coronary artery
usually provides the local blood supply to the SA Node,
AV Node, and the (AV) Bundle of His. It is no wonder that
acute posterior infarctions are often associated with
dangerous arrhythmias. Wise cardiologists have great
concern and respect for the posterior M.L
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The base of the left ventricle obtains its blood supply from either the right
or the left coronary branches, depending on which artery is dominan

Inferior (or "diaphragmatic”) infarctions are caused by an
—of either the Right or Left coronary

artery branches.

So the diagnosis of inferior does not
identify the artery branch which is occluded, unless you
have a previous coronary angiogram (an x-ray highlighting
the coronary arteries) to show which artery has supplied the
inferior portion of the heart (in that particular patient).

NOTE: Radiologists define Left or Right coronary
“"dominance” as denoting which artery renders the greatest
portion of blood supply to the base of the left ventricle in a
given patient. For instance, if the coronary angiogram of a
patient demonstrates that his left coronary artery renders
most of the blood supply to the base of the left ventricle,
there is basal "dominance” of the left coronary artery in
that patient.

occlusion

infarction

INFARCTION

AV Node

Bundle of His

Right Bundle Branch

Hemiblocks are presented in this section (Infarction) because they are
commonly associated with infarction and a resultant diminished blood
supply to the Bundle Branch conduction system.

The hemiblocks are blocks of the anterior or posterior
division of the — Bundle Branch. Left

Hemiblocks are commonly (but not always) due to loss of

blood supply to either the Anterior or fz_?%_. Al Posterior
division of the Left Bundle Branch.

NOTE: The Right Bundle Branch does not have
significant, recognizable divisions of either clinical or
electrocardiographic importance (yet).
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Right Corenary Arlery

[ Anterisr Detcsnding Branch
Laft Caranury Artery

To understand hemiblocks, one must understand the blood supply to the

ventricular conduction system.

The Right coronary artery usually renders a blood supply*
to the AV Node, Bundle of His, and a variable twig to the
Posterior division of the Left __ Branch.

The Left coronary artery also sends a variable twig of
~ supply to the Posterior division of the Left
Bundle Branch.

A total occlusion of the Anterior Descending branch of the
left coronary artery may cause a subsequent Right Bundle
Branch ___ and also an Anterior Hemiblock.

NOTE: The key to understanding Hemiblocks is to keep in
mind that an infarction may be due to an occlusion of a
vessel at any of numerous locations, and therefore may
cause a variety of blocks of the Bundle Branch system, i.e.,
single blocks of one bundle or division, or combinations of
these blocks sparing one or more branches. An occlusion
which is not quite complete may cause an intermittent
block.

Let’s not forget that the SA Node is usually dependent on the right coronary artery,
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Anterior
Hemiblock

« L.AD. - usually assoc. with an/ M.1.

(or other heart disease )

- QRS slightly widened (.10 to.12)

- Q,S;

Anterior Hemiblock refers to a block of the anterior divisiop of the Left
Bundle Branch and the above criteria are used in the diagnosis,

The slight delay of conduction to the antero-lateral and
superior area of the left ventricle causes (late) unopposed
depolarization upward to the left recognized as Left
Deviation. Acute L.A.D, is generally what makes
one suspect Anterior Hemi

b_l UCE." :

With pure Anterior Hemiblock, the QRS is widened only .10
to .12 sec., but association with other blocks of the
Branch system may widen the QRS more.

Anterior Hemiblock is usually ve
wide and/or deep in 111

ified by a Q inIand a

S

NOTE: Previous tracings are essential in making Anterior

(or any) Hemiblock diagnosis. You must always rule out
pre-existing sources of Left Axis Deviation, e.g., Left
Ventricular Hypertrophy, Horizontal Heart, or Inferior
Infarction.

\
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Anterior Hemiblock describes a block of the Anterior

Deviation.

INFARCTION INFARCTION

Anterior Hemiblock Anterior Hemiblock 4+ R.B. B.B.

Probably one-half of patients with Anterior Infarctions also develop Anterior
Hemiblock.

An infarction of the anterior wall of the left ventricle (due to occlusion of the
Anterior Descending branch of the left coronary artery) may cause Anterior
Hemiblock (and R.B.B.B.).

Division of the Left Bundle Branch causing a delay in
depolarization to that (antero-lateral, and superior) area of
the left , to produce Left Axis ventricle

NOTE: Don't forget that the Anterior Descending Artery
also mnmmm
Anterior Infarction may have sﬂfsm._’
depending on the level of occlusion.

For example, a patient with a previously normal QRS Axis
has an Anterior myocardial infarction and a subsequent
QRS axis of —40°. He probably has an Anterior

Anterior usually causes Anterior infarction
Hemiblock (that's easy to remember).

Hemiblock
If a patient with an acute Anterior Infarction has an Axis
change from normal to —60°, suspect Anterior
(and look for Q,S;). Hemiblock But if a patient with an Inferior Infarction develops Left
Axis Deviation, beware! Inferior Infarction can cause
LAD.,so___ Hemiblock is not the prime Anterior

suspect.
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Posterior
Hemiblock e

*R.A.D. - usually assoc. with an M.1.

@r other heart disease )

- Normal or slightly widened QRS

*$,Q;

Pure isolated Posterior Hemiblock is rare because the posterior division is

short, thick, and commonly has a dual blood supply.

An inferior infarction may destroy the blood suppiy to the
Posterior division of the Left Bundle

Posterior Hemiblocks cause Axis Deviation due
to the late, unopposed depolarization forces toward the

right.

Look for a deep or unusually wide S in I and Q ir} 111 .
known as 8,Q; when Hemiblock is
suspected.
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INFARCTION

Posterior

Hemiblock

Posterior Hemiblock is always to be respected, and all Inferior Infarctions

should be scrutinized to rule it out.

A lateral infarction, either recent or old, may produce Right
Axis which can be confused with
Posterior Hemiblock. It is said that in the presence of
lateral M.1, the EKG diagnosis of Posterior Hemiblock is
equivocal.

Make certain that by history and previous EKG’s, chronic
— Axis Deviation due to slender body build,
Right Ventricular Hypertrophy, and pulmonary disease, etc.,
is ruled out.

Posterior is serious, and when in
association with Right Bundle Branch Block, they are
considered very dangerous because of the predisposition of
progression into AV Blocks.

)
&

Deviation

Right

Hemiblock



INFARCTION

Bifascicular Blocks

R. B. B. B. R. B. B. B, Ant. Hemiblock
+ Ant. Hemiblock + Post. Hemiblock + Post. Hemiblock
(= L.B.B.B.)

The word fascicle means bundle, so any main division of the ventricular

conduction system is a fascicle.

NOTE: For many years "Bundle” referred to either the
Right or Left Bundle Branch. When referring to
combinations of blocks (e.g., Hemiblock + Bundle Branch
Block) we use the word block to imply a
Bundle Branch Block and a Hemiblock (fascicle means
bundle literally).

NOTE:[Bilascicular/block means two fascicles are blocked.
Because Anterior Hemiblock plus Posterior Hemiblock is
generally indistinguishable from Left Bundle Branch
Block, Bifascicular Block generally refers to Right Bundle
Branch Block together with a block of either the Anterior
Division or the Posterior Division of the Left Bundle
Branch.

NOTE: Any block location may be intermittent, so the
EKG signs may only appear from time to time (next page).

INFARCTION

Intermittent Blocks

« with at least one normal, non-blocked fascicle

Intermittent block of one fasclecle: continuous EKG pattern
of normal with Intermittent signs of block.

} Intermittent block of two fascicles: Intermittent EKG
I signs of both blocks.

‘ Intermittent block:

I one intermittent +one permanent block

we cOntinuous EKG pattern of one block
and intermittent signs of another block.

Fortunately, combinations of [fascicular| blocks are often intermittent, so that
when in combination with other blocks they are more easily recognized and
treated.

A patient with a block of one or more fascicles may have an

- associated intermittent _______ of another fascicle block

producing intermittent (or occasional) signs of block of
another fascicle.

A patient may have a permanent fascicular block and an
intermittent block in one or more of the other
fascicles

~ Intermittent block may exist in more than one fascicle in

the same patient at once, producing intermittent EKG
signs (as varying Axis).

NOTE: Like a faulty light bulb which occasionally
(intermittently) does not light, fascicles may suffer
intermittent block. And like a faulty, flickering light bulb
which eventually blows out, intermittent fascicular blocks
often warn of impending permanent block of that fascicle.
When permanent blocks of other fascicles already exist,
intermittent fascicular block is a warning to the clinician
that an artificial pacemaker may be necessary (see next
page). That is why the first printed word in this page is
"Fortunately.”



INFARCTION

Intermittent Blocks

..with some Involvement of all three fascicles

R.B.B.B. and Ant. Hemiblock . R.B.B.B.+
-~ T +intermittent Post. Hemiblock intermittent

L.B.B.B.
\

R.B.B.B. and Post. Hemiblock
' + intermittent Ant. Hemiblock | Occasional
signs of
ventricular

non-conduction
= it 4= | 4 UX L | RS

b Ant. and Post. Hemiblock
)}" (L.B.B.B.) >
+ intermittent R.B. B.B.

Considering the three pathways of ventricular depolarization, it becomes
apparent that one®|fascicle] must remain open at least intermittently to
provide ventricular conduetion.

T'rifascicular blocks are diagnosed only when one or more of
the fascicular ____is intermittent. blocks

The diagnosis of “Bilateral” (left and right) Bundle
Block similarly is made only if the block is Branch
intermittent somewhere in one or both of the Bundles.

(Complete, permanent Trifascicular block or Bilateral
Bundle Branch Block is indistinguishable from complete (3°)
AV = Block

NOTE: If all fascicles are permanently blocked except one
which is intermittently blocked, a Mobitz II type pattern
(i.e., oceasional nonconduction to ventricles or runs of 2:1
[or worse] AV conduction) will emerge. So the sudden
appearance of Mobitz Il patterns should alert you to the
potential need for an External Non-invasive Pacemaker,
and you should consider the eventual need for permanent
pacemaker implantation. Review and understand the
illustrations.
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INFARCTION

In most hospitals, patients with acute myocardial infarctions are placed in
coronary care units and monitored continuously; indeed, all patients with
suspected infarctions are usually placed in such units.

NOTE: Just as the preferred treatment of various

arrhythmias changes with the times, so the attitudes

toward indications for implantation of artificial

pacemakers are constantly changing relative to AV Blocks,
Bundle Branch and fascicular blocks, intermittent blocks,
ete. Therefore, it is essential that you keep up with the

current medical literature.

The subject of severity of infarction relative to its position

in the left

each one of us must be well read on the subject to make his

or her own decisions.

NOTE: Infarctions may “extend” or progressively involve a
larger area of the left ventricle. Obviously, extension of
acute infarction carries a less favorable prognosis than the

original infarct.

is very controversial, so
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INFARCTION

Remember that the history and clinical diagnosis are still the most important
standards in the determination of acute infarction.

The EKG has been called "only an aid” in the diagnosis of
myocardial - _even though it probably infarction
gives more specific information than any other parameter.

There is no substitute for taking and evaluating a thorough
history

The laboratory also gives us many ways to evaluate the
status of the patient, but careful _interpretation is EKG
essential.

NOTE: The electrocardiogram is a useful diagnostic tool,
but its value increases multifold when it is compared to a
patient’s previous tracings. Always attempt to obtain a
patient’s previous EKG's for comparison, because
electrocardiograms, like X-rays, become much more
valuable when we can ascertain whether the pathology is
recent or old. Incidentally, is this a photo of Dr. Paul
Dudley White, and who is his examining physician?

NOTE: Review Infarction by turning to the Personal
Quick Reference Sheets at the end of this book on pages
288 and 289, and note your simplified methodology (page
280). .

2566

MISCELLANEOUS EFFECTS

Miscellanequs Effects

; Pulmonary
| Electrolytes
?_ Med__j__cation_s
£ Artificial Pacemakers

Heart Transplants

The above effects, which are common to, but not diagnostic of, certain
conditions, can produce recognizable changes in the EKG.

NOTE: These following effects may be recognized by a
characteristic appearance on electrocardiogram. For most of
the conditions mentioned in this section, these
electrocardiographic signs merely make one aware of
existing conditions, certain pathology, or drug or electrolyte
effects. In most instances, review of the medical history,
detailed physical exam, or diagnostic tests will be
necessary to confirm your suspicion. Rarely is a diagnosis
made entirely on the existence of any of the following EKG
findings.
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Lead I

Lead II

Lead IIT

Emphysema usually produces low voltage in all leads, and there is often Right S With Pulmonary Embolus we commonly see a large S wave in lead I, and a
Axis Dewviation. 2 : Q wave and an inverted T wave in lead 111 (S,Q,L,)*.

Severe _ — commonly produces QRS emphysema @8 §,Q,l, syndrome characterizes acute cor pulmonale as a

complexes of small amplitude in all leads.* Indeed, this result of pulmonary embolus. It is called S,Q,.L;4 because of

pulmonary disease diminishes the voltage ol all waves in all - the large 8 wave in lead I, and there is a Q wave and an

leads. " inverted T wave inlead | 111

With pulmonary emphysema the right ventricle is working "8 NOTE: Observe the tendency toward Right Axis Deviation

against resistance; this may cause —__ Axis Right 'S (lead D).

Deviation.

There is also usually ST in lead 1L
I'he Right Axis Deviation is usually due to Right
Ventricular Hypertrophy. We can diagnose Right Axis
Deviation by simply noting that the _______in lead I is QRS
mainly negative.

Low voltage in all leads is also seen with hypothyroidism and chronic constrictive pericarditis.

depression

*Don't be confused by the inversion of the T wave in the printed text, It is an excellent memory tool

even if the publisher dislikes it.



MISCELLANEOUS

- Transient Right B.B.B.

- T wave inversion Vi-Vu

Also with Pulmonary Embolus there is commonly T wave inversion in V,
through V. There is often transient Right Bundle Branch Block.

_ wave inversion in the chest leads, particularly lead V, T
through V, is a very important diagnostic sign of
pulmonary embolus.

Pulmonary —____ may cause Right Bundle Embolus
Branch Block. This block usually subsides after the patient
improves,

We can recognize the presence of Right Bundle Branch

Block by the RR inthe ___ chest leads. right

NOTE: Occasionally the Right B.B.B. may be "incomplete”
(QRS complex of normal width, but R,R’ is present).
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MISCELLANEOUS

Potassium

+
Hyper K
HEEEH P
wide, L] Peked T | g guns j‘_tt' ?.:L_—_:—ET_ r.:]_
flat I L] no P L
P I NN aF an o
m = N lﬂ*‘ii i BEREF JEEEED]
INEEEERD an : - H._ : =S NS
O 0 . B m T AQRS widens | LT
+1+4 wide QRS . - sRENEENER L
TLELLITY 1 [ 111 ITTELT LIS L
Extreme

Moderate

With elevated serum potassium the P wave [lattens down, the QRS complex
widens, and the T wave becomes peaked.

With an elevated serum potassium, the T wave becomes

peaked
The P wave will flatten down until it is difficult to find
in extreme . hyperkalemia
When a patient has an elevated potassium, ventricular
depolarization takes longer, and the QRS complex

widens

subsequently
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Potassium

Hypo K*
HHH i - .'__|"T|'_ 1 e
} : i ZJP .| T p'l.l w;n”= I
H fiat T | H = T ‘H““f‘
Moderate Extreme

As the serum potassium drops below normal, the T wave becomes flat (or
inverted) and there is a U wave,

With low serum potassium, the T wave becomes flat as the
drops. As the potassium level potassium
becomes lower, the T wave may become inverted.

NOTE: I always think of the T wave as a tent housing
potassium ions. As the potassium ions fall below normal,
the T wave flattens down. Conversely, increased potassium
ions will peak the T wave upward,

With hypokalemia a wave appears, This wave becomes U
more prominent as the loss of potassium becomes more
severe.
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Calcium

Hyper Ca*’

THE T

short Q-T prolonged Q-T

With hypercalcemia the Q-T interval shortens, but with hypocalcemia the
Q-T interval becomes prolonged.

Hypocalcemia will usually _____the prolong
Q-T interval.

NOTE: The Q-T interval is measured [rom the beginning
of the QRS complex to the end of the T wave.

Increased serum Calcium apparently enhances rapid
ventricular repolarization (after depolarization). This
produces a short ___ interval. Q-T
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MISCELLANEOUS

i nes ssafy it
Digitalis
effect

Digitalis causes gradual downward sloping of the ST segment to give it the
appearance of Salvador Dali’s mustache.

Digitalis produces a unique gradual down-sloping of the

___segment, this is the classical "digitalis effect.” ST

NOTE: Find a lead with no demonstrable S wave to
identify this classic pattern. The downward portion of the
R wave gradually becomes thicker as it approaches the
baseline. The downward limb of the R wave has a gentle
curving, downward slope as it blends into the baseline.
Note that the ST segment is slightly depressed as it sags
downward, This pattern can be demonstrated on the EKG’s
of most digitalized patients.®

Digitalis tends to slow the heart rate and can cause Sinus Bradycardia even with therapeutic levels.
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Excess Digitalis
*SA Block

*P.A.T. with Block

AV Blocks

Tachycardia with AV
dissociation

Excess digitalis tends to cause AV Blocks of many varieties, and may cause
Sinus (SA) Block.

Digitalisin —_ may cause Sinus (SA) Block. excess

Digitalis in excess will retard or block conduction of the
depolarization stimulus through the AV | Node

digitalis may cause various types of AV Block Excess
and even tachycardia associated with AV block.

NOTE: Always be aware of the fact that digitalis excess is
exaggerated by low serum potassium.
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MISCELLANEOLUS

Digitalis Toxicity

K P-v-c. 'S
- Bigeminy, Trigeminy, etc.

- Ventricular Tachycardia
« Ventricular Fibrillation

- Atrial Fibrillation

Digitalis in toxic amounts will stimulate ectopic foci to discharge and cause

absequent arrhythmias.

Digitalis in —______ amounts can produce irritable
vetopice foei, particularly in the ventricles.

Nungerous arrhythmins may arise from ventricular ectopic
discharging often or even firing repetitively at a
tuchyeardia rate.

NOTE: Digitalis preparations have been the physician's
friend in treating cardiac failure since the thirteenth
century. It must be respected, however, because in toxic
amounts it can cause deadly arrhythmias.
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MISCELLANEOUS

Quinidine Effects

il i L )
L wide S =
nEN |
- wide,
~{notched |——
i !’ AST depression j_“ wave
|
NEN L |
;_"wldo Q-T}
LIL1 L]

Quinidine causes notching of a widened P wave as well as widening of the
QRS complex. There is often ST depression, a prolonged Q-T, and U waves.

NOTE: Quinidine retards electrical conduction through the
myocardium. Most of the effects of quinidine noted on EKG
are related to a slowing of the speed of depolarization and
repolarization.

Quinidine causes a wide, notched wave on EKG and P
also widens the QRS complex.
Quinidine can prolong the ___ interval, and depress QT
the ST segment. Look for U waves.
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Torsades de Pointes is considered a sign of Quinidine toxicity.

I'irsades de Pointes is a ventricular tachycardia

rate 200-250/min.) which originates in a
lLE.N_'[fx.IéQ.Lﬂ . focus and usually is a brief sell-

& _ s ventricular
resolving episode, but it may be dangerous. i

NOTE: The amplitude of the sine-wave-like complexes
gradually increases then gradually decreases causing a
classical spindle shaped progression of waves.

\ithough other causes of Q-T interval widening may be

implicated, toxicity is probably the quinidine
rost common cause.
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NOTE: Artificial pacemakers are surgically implanted in
symptomatic patients with third degree (complete) AV
Block.* In 3° (complete) Block, the ventricular rate may be
so slow (20-40/min.) that a battery operated pacemaker is
needed to keep the heart pumping at a normal rate. The
battery portion is implanted under the skin, and the wire
lead is either passed through the venous system into the
right ventricle (“transvenous”), or (rarely) an electrode is
sewn to the outside of the left ventricle wall ("epicardial”).

The pacemaker emits an impulse electrical
regularly, producing a small ventricle spike on EKG (more
complex varieties are also in use).

We expect each impulse to “capture” (i.e., depolarize) the
ventricles, Becauae this artificial ventncular depolarization

is “ectopic” ﬁi@hokhkga Ve

P.V.C.

*Currently, signs of “impending” complete block (see pages 253, 2541 are a strong indication for pace-
maker implantations.
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Epicardial

Pacemaker

; liunlmm valve | N
RAD -

RV, aper ideal

n LAD. \

Lead I Lead AVF

The electrode tip of an Epicardial Pacemaker is surgically attached to the

Right Ventricular pacemakers are the most common type; the catheter- outer surface of the left ventricle.

clectrode tip is within the cavity of the right ventricle.

The electrode tip of an epicardial pacemaker is located on
the epicardial surface of the left , 50 ventricle
the left ventricle depolarizes before the right, and

NOTE: The most ideal location for a Right Ventricular
(transvenous) pacemaker is to have the catheter-electrode
tip at the apex of the right ventricular cavity. The
resultant QRS has a L.B.B.B. pattern with Left Axis

Deviation.
. . this produces a QRS with a Right Bundle
Block pattern. Branch
When a paced QRS showsa LBBB. __ with pattern
o normal axis, the catheter-electrode tip is in the Right
Ventricular mid-inflow tract. Epicardial pacemakers produce a QRS witha Right

Bundle Branch Block pattern and usually Right Axis
Deviation as well. They are not used commonly.

-

But if one sees a paced QRS with a L.B.B.B. pattern and
Right Axis Deviation, the______ -electrode tip is catheter
just below the pulmonic valves.
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Demand Pacemaker

t"l.ll‘l’. beat cancals

pacamaber stimulus

normal inon-paced| QRS's
K A

i I

whem rate fslis Belew 78/ min.

The "demand” pacemaker has sensing ability, a ready pacemaker stimulus,

and a "brain” to determine when to pace and when to stop.

The demand pacemaker W

senses a_ DECREALE
level.

e

below a Eredeterm ined

.. and should the rate return (to normal), the demand
will sense the normal rhythm and
shut itself off so it will not compete with the normal
rhythm,

The —____ pacemaker can sense a P.V.C. so that the
next pacemaker stimulus will “reset” in step with the
P.V.C., that is, it begins after an interval (i.e., after the
P.V.C.) which is similar to the usual interval between paced
beats.

L
-3
[

decrease

pacemaker

demand

MISCELLANEOUS

Atrial pacing

P wave triggered pacing

Sequential A-V pacing

These are a few examples of some of the many types of artificial pacemakers.

!
In atrial pacing, the pacemaker stimulates the _PTRn
and conduction proceeds normally in the remainder of each
cycle.

However, in P wave triggered pacing, the pacemaker unit
senses the P wave, and then fires a (ventricular)

shortly thereafter. (This is also called
"atrial synchronous” pacing).

In sequential A-V pacing, the pacemaker is programmed to
stimulate the atria and then the ventricles in succession.
The first spike depolarizes the atria, and after a brief
interval, the are stimulated by a
separate ventricular stimulus.
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MISCELLANEOUS

-]

Facing Spike 7]
L 0 12

There are emergency pacemaking devices which can deliver stimuli to the
heart through the.intact skin of the chest.

Sophisticated pacemakers are available to painlessly pace

the heart through intact . These external skin
non-invasive pacemakers are ideal for emergency pacing

needs.

Pacing from the body surface requires an impulse of longer
duration than that of intracardiac electrodes, so each pacing
spike is wide witha ___ end. flat

This makes possible immediate (emergency) pacemaking

potential without surgical intervention, which can sustain

many lives until a permanent pacemaker can be surgically
R implanted

]
-3

MISCELLANEOUS

Heart
AU S Transplant

Py = native P wave

~ ) _:-—: Py = doner P ware

A heart transplant procedure leaves a portion of the original "native” upper
atria in place, so a transplant patient will have his native SA Node and the
transplant’s SA Node.

NOTE: To be expeditious during these procedures, the
portions of the native atria which are joined to large
vessels are left behind to be sutured to the atria of the
transplanted heart. Due to the position of the SA Node, it
remains behind as well.

Transplant patients therefore have two SA Nodes producing
independent _waves. P

The "native” SA Node discharges are independent and
usually not conducted to the transplanted heart

The transplanted heart has its own functional SA Node
which controls the heart’s pacing activity, so its P waves are
followed by complexes, QRS




MISCELLANEOUS

Caruiac Monitor Displays

Cardiae monitors display the same information as recorded on a standard 12 lead EKG. Some init
apprehension may arise because of lack of familiarity with the display. There is an increased am
plitude of waves theight and depth) as well as a veversal of customary black tracing on white ERG
ound grid. But don’t dispair, this is just another method

Heterotopic
Heart Transplant

paper, and some monitors lack a backy
displaying the heart’s electrical activity . . . and familiarity eventually breeds content

\ heterotopic heart transplant is a procedure in which the native heart
remains in place, and a temporary donor heart is surgically attached to
assist the pumping effort.

In order to assist in pumping, a
_ heart transplant gives the heterotopic

patient [temporarily| two hearts.

So there are two separate heart tracings which record 2 AV Block (Mubits 1l with 3:1 AV ratio) Ventricular Fibrillation

logether on the same ' EKG

NOTE: To assist pumping, artificial |mechanical] implants
are becoming more common as the sophistication of bio-
engineering advances continue to improve. It is unlikely
that a totally artificial heart will ever approach the
efficacy and safety of that designed by Nature.

Ventricular Pacemalker A-V Bequential Pacemaker

Because the "leads” of a cardiace monitor are modifications of standard leads with exaggerated am
plitudes to aid in visualization at a distance, voltage (height and depth) eriteria can not be utilized
Monitor [isplayve Courtesy of

Murguette Electronics. Ine
Milwankes, WI, USA
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[Electrocardiography was your challenge.
Knowledge is you.r achievement.

Now that you are certainly pleased with your understanding of
basic electrocardiography, and proud of your new ability to in-
terpret EKG’s, you must realize how logical and marvelously de-
signed is the heart.

You should be ready lor Rapid Comprehension of EKG’s for a
more in-depth and comprehensive (yet simplified) approach to
electrocardiography. Motivated?

Cover Publishing Co.
P.O. Box 1092
Tampa, FL 33601
US.A.
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Personal Quick Reference Sheets

(pages 279 to 292)

from: Dubin's Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

The owner of this book is encouraged to copy pages 279 through 292
to carry as a personal quick reference, however copying for or by others
is strictly prohibited. The entire text of Rapid Interpretation of EKG's
is fully protected by domestic United States copyright as well as the
Universal Copyright Convention, and all rights of absolute imprimatur
are enforced by COVER Publishing Co.

RAPID
INTERPRETATION

\OF

EKG's

Revised and Updited
4" Edition

Irale Dulin, M. T

With the sophistication of modern copying machines, pages 279 to 292
may be reduced or enlarged to accommodate any personal-reference
notebook with a minimum of redundancy in one dimension. Skillful
copying of the front and back of each sheet can assure that the infor-
mation is displayed effectively on both sides of seven sheets, Use a reg-
ular sheet of your notebook’s paper to mark the holes once the sheets
are copied,

May mankind benefit from your knowledge,

7&[&?&&&




Personal Quick Reference Sheets

Dubin’'s Method
for
Reading EKG's

from: Dubin’s Rapid Interprotation of EKG's
published by: Cover Publishing Co., PO Bax 1092, Tampa, FL 33601, USA

I. RATE (pages 48-75)
Say "300,150,100"" . . . "75,60,50"
o but for bradycardia:
rate = Cycles/6 sec. strip > 10

2. RHYTHM (pages 76-157)
Identify the basic rhythm, then scan tracing for abnormal waves,
pauses and irregularity.
e Check for P before each QRS
’ QRS after each P
e Check P-R intervals (for AV Blocks)
" QRS interval {for B.B.B.)
® |f Axis Deviation, rule out Hemiblock

4. AXIS (pages 158-196)
e QRS above or below baseline for Axis Quadrant (for Normal vs. R.
or L. Axis Deviation).
® For Axis in degrees, find isoelectric QRS in a limb lead of Axis
Quadrant.
® Axis rotation in the horizontal plane: {chest leads) find “transitional”
(isoelectric) QRS.

1. HYPERTROPHY (pages 197-212)

Check P wave for atrial hypertrophy
v R wave for R, Ventric. Hypert.

) S wave for L. Ventric. Hypert.

. .+ Rwave in V; for LV.H.

5. INFARCTION (pages 213-256)
Scan all leads for:
® O waves
@ |nverted T waves
® ST segment elevation or depression
Find the location of the pathology (in the L. ventricle), and then
identify the causative coronary artery.

Copyright © 1989 COVER Inc

Personal Quick Reference Sheets

Rate (pages s to 75

from: Dubin’s Rapid Interpretation of ERG's
published by: Cover Publishing Co., P.0. Box 1092, Tampa. FL 33601, USA

O Determine Rate by Observation (pages 58 (o 661

i

& -
S S
S A

T

O Using the triplicates:
Name the lines following the “R wave" line.

&

' !n nII
'75_lﬁ "60" 50"
&

Fine division/Rate association: Reference (page 68)

(o]
-
3 3
-y vl 300 150 100 75 60
=, q
o ! ! I 250 136 94 Al
= { i |' : 214 125 &8 68
QO 1) 187 115 83 65
3 |
g h 18 ‘ 167 107 79 62
S e | RRREH |
e .
5

1500
> * May be calculated: = RATE

mim. between similar waves

Bradycardia (slow rates) (pages 69 to 75)

O ® Cycles/6 second strip » 10 = Rate
® When there are 10 large squares between similar waves, the rate is 30/minute.

Sinus Rhythm: origin is the SA Node ("Sinus Node”),
normal rate 60 to 100/min.
e Rate more than 100/min. = Sinus Tachycardia (page 51)
® Rate less than 60/min. = Sinus Bradycardia (page 50)

Determine any co-existing, independent (atrial/ventricular) rates:
e Dissociated Rhythms: (pages 121, 143)

@] A Sinus Rhythm can co-exist with an independent ectopic focal rhythm from
another level. Determine rate of each,

Irregular Rhythms: (page 89)

e With Irregular Rhythms (such as Atrial Fibrillation) always note the general

9@»} (average) ventricular rate (QRS's per G-sec. strip times 10).




Personal Quick Reference Sheets \

Rhythm (ages 76 to 157

from; Dubin's Rapid Interpretation of BKG's
blished by: Cover Publishing Co., P.0O. Box 1092, Tampa, FL 83601, USA

#* ldentify basic rhythm . . .

. . then scan entire tracing for abnormal waves, pauses, premature beats,
and irregularity

* Always:
e Check for P before each QRS @)
i QRS after each P
e Chack PR intervals (for AV Blocks)
" QRS interval (for B.B.B.)
® Has QRS vector shifted outside normal range? (for Hemiblock)

lﬂ'eglﬂar ththms (pages 86 to 90)

Sinus Arrhythmia (page 87

Irregular rhythm which varies
with respiration,
All P waves are identical,
Considered normal.

Wandering Pacemaker (page 88)

Irregular rhythm. P waves change
shape as pacemaker
location varies.

Copyright © 1989 COVER Inec.
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but if the rate exceeds 100/min, 0
then it is called

Multifocal Atrial Tachycardi

Atrial Fibrillation (pages 89, 130, 131)
Irregular ventricular rhythm. [ "0
Erratic atrial spikes
(no P waves) from
multiple atrial foci.
Atrial discharges
may be difficult to see. P L d U o T e L b R Ml
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Rhythim cont. ages 76 to0 157

from; Dubin's Rapad Interpretation of EKG's
published byv: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

O Escape—the heart's response to a pause in pacing (pages 91 to 1001

Ipage 83) ]

Escape Beat

B8 st e

The SA N

Junctional
Escape Beat
or

Aty
1esurmies [l

Ipigpe 24 ".'r/\'hl'r'\/?""fl , 3 p!r/:\-‘

“Sinus Block” results in a pause in

fail to emit a pacing stimulus; this
a Sinus Rhythm.

® An unhealthy Sinus (SA) Node may

PULHFAOD 6861 3 1A akdoy
@)

cease pacing ("'Sinus Arrest”),
causing an ectopic focus to

“escape” to assume

]
3
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8 PRSPl
@ NP . P
E L SRy
5 i
o
1)
a

@)

® But a sick Sinus (SA) Node may

(“idiovemncular rhythm™)

Premature Beats ipages 101 to 113)

O

Premature Atnal Boot
(page 102)

Premature Junctional Beat
ipage 103)

Premature Ventricular Conlractor
tpages 104 1o 112)

suddenly discharge

producing a:

O
e An ectopic focus may

PVL's may be
miltgla, multifosal, e
of toupler] with pormal eyl

a




Rhythm continuea

from: Dubin's Rapid Interpretation of EKGS
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

Rapid Ectopic Rhythms (pages 114 to 134 O
‘ \‘9“ * !fbb — ls‘lh - “"0

Rates: | ,::;:’;’::,'_' Flutter l Fibrillation
i mesltiphe loci discharging O

PParoxysmal (sudden) Tachycardia . . . rate: 150-250/min.
ipages 115 to 123)

Paroxysmal Atrial Tachycardia ipage 117

Atrial focus discharging at 150-250/min.
producing normal wave sequence,
when P's are visible.

® P.A.T. with block page 118)
Same as P.AT, but only every
second (or more) P wave
produces a QRS.

Paroxysmal Junctional Tachycardia
AV Junctional focus produces a rapid sequence |~ < o A 4 :ﬂL il
of QRS-T cycles at 150-250/min. QRS may T 3 5 s o
be slightly widened. lpage 119) 15T Foat [ @)

Paroxysmal Ventricular Tachycardia s

ipages 121 to 123) &

Ventricular focus produces a rapid T AL e g B TR
(150-250/min) sequence of / A
{P.V.C.-like) wide ventricular ¥y vy '
complexes.

Copyright © 1989 COVER Ine.

IFlutter . . . rate: 250-350/min. (pages 124 to 127)
Atrial Flutter (pages 124, 125) )
A continuous (“saw tooth”) rapid sequence of AL AAAUUAAARAAAS LA AN e}
atrial complexes from a single rapid-firing 1 | |. | SN
atrial focus. Many flutter waves needed | |
to produce a ventricular response. .

Ventricular Flutter ipages 126, 127)

A rapid series of smooth sine waves from a A o i afin |
single rapid-firing _venlricular focus; qsu_aiiy‘in Wﬂﬁf\fmﬂﬂﬂm mﬂfmnﬂ M Q

a short burst leading to Ventricular Fibrillation.

I"ibrillation . . . erratic [multifocal] rapid discharges a1 350 to 450/mm (pages 129 to 134)
Atrial Fibrillation (pages 130, 131) - B
Muttiple atrial foci rapidly discharge producing
a jagged baseline of tiny spikes. Ventricular
(QRS) response is irregular,

Ventricular Fibrillation (pages 132 to 134) :
Multiple ventricular foci rapidly discharge producing +. © ¢

Personal Quick Reference Sheets \

a totally erratic ventricular rhythm without
identifiable waves. Needs immediate treatmant.

/ Personal Quick Reference Sheets

Rthhm continued

from: Dubins Raped Tnterpretation of EKGs
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

O ("Heart") BIOCKS ipages 135 1o 156)
Sinus (SA) Block page 136) An unhealthy Sinus (SA) Node misses one o1
more cycles (sinus pause) . . .
. the Sinus Node usually resumes pacing,
[l ! ! paas ' \ but the pause may evoke an “escape’
' ; T "= response from an ectopic focus (see page 2541

AV Block (pages 137 10 144) blocks which delay or prevent atrial impulses from
reaching the ventricles.
1° AV Block . . . prolonged P-R interval (pages 138, 1‘39!
P- R mwn.ral is prolonged to greater
than .2 sec (one large square).

O

= ® are P-A intervals less than one large square?

._r_rl‘\.--n— a-"\__,\__ A.-""

2° AV Block . . . some P's without QRS response (pages 140 to 142)
Wenckebach: P-R gradually increases with each

(page 140}, cycle until the last P wave in the
series does not produce a QRS.

Mobitz II: Some P's don't produce a QRS A Y
(page 141) response. May appear like an il
occasional dropped QRS.

The same block may persist as a
repeating 2:1 (AV) pattern
Ipage 142). h/“‘——'“U‘

More advanced block may produce
a 3:1 (AV) pattern or even higher
AV ratio (page 142).

3° ("complete™) AV Block . . . no P’s produce a QRS re:pﬂnﬂe
(pages 143, 14-11|1 . s
3" Block: P waves—SA Node origin.
(page 144) QRS's—if narrow, then
Junctional focus origin.

Always check:

® is evary P wave followed by a QRS?

AU UAAOD GHET @ 1yBraidoy

3" Block: P waves—SA Node origin,
(page 143) QRS's—if P.V.C.-like, then
@) Ventricular focus origin.

Bundle Branch Block ... find R,R' in right or left chest leads

¥|c% (pages 145 to 165)
£¢
Og H § QRS in Right B.B.B. (page 150) QRS In Left B.B.B. (page 151)
w
HEH T —— ¢ .
Zlom | With Bundle Branch Block R Caution:
e I the criteria for | With Left B.B.B.
ventricular h\i?ebr:rophv | infarction is difficult
e vV, or Vs L _“"3‘ unreliable | Voorv, © determine.
) - = 5 = )
E|EE "Hemiblock” . . . block of Anterior or Posterior fascicle of the
£|53 Left Bundle Branch (pages 245 to 254).
Ole
2 24 3 Anterior Hemiblock (pages 247 to 249) Posterior Hemiblock (pages 250, 251
$1855 Axis shifts Leftward — L.A.D. Axis shifts Rightward — RA.D.
2 2|5°°F look for Q,5, look for 5,0, )
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AXIS (pages 158 to 196)

from: Dubin's Rapld Interpretation of EKG's
published by: Cover Publishing Co,, P.O. Box 1092, Tampa, FL, 33601, USA

tieneral Determination of Electrical AXiS pages 158 to 185)
Is QRS positive (' ) or negative (| ) in leads | and AVF?

Is Asis No 12 (page 181) Determine Axis Quadrant
(pe 169 to 185)
7~ QRS in lead | (pages 169 to 176 P _n
| Y . if QRS is Positive (mainly

~—+ above baseline), then Vector points / ‘
*/ to positive (patient’s left) side.

Lead I

| I “L-\ QRS in lead AVF (pages 177-180)
| |+ / - . .ifthe QRS is mainly Positive,
- then Vector must point downward

| * to positive hall of sphere.
Lead AVF

QRS upright in | and AVF
“double thumbs-up sign”

Normal: |

AXis in Degrees (pages 186 to 188
| After locating Axis Quadrant, find limb lead where QRS is most isoelectric:

: Extreme Right Axis Deviation

Left Axis Deviation

| lead  Axis lead Axis
11— —90° | — -90°
| AVL — —120° AVR — 60"
m— —150° I — -3¢
| AVF — —180° AVF — 0
‘ Right Axis Deviation Normal Range
lead  Axis lead  Axis
AVF — +180° AVF — 0"
Il — +150° - +30°
AVR — +120° AVL — +60°
| | — +90° | = +90°
|
i Axis Rotation (left/right) in the Horizontal Plane (pages 195, 196
Find transitional (isoelectric) QRS in a chest lead.
transitional QRS
lisoelectric)
J Patient’s Patient's
’ Right Left

Copyright © 1989 COVER Ine.

Copyright © 1989 COVER Inc.
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Hypertrophy pages 197 to 212

from: Dubin's Rapid Interpretation of EKG's
published by: Cover Poblishing Co., P.O. Box 1032, Tampa, FL 33601, USA

O Atrial Hypertrophy pages 199 to 203)

Right Atrial Hypertrophy (page 202)

O e large, diphasic P wave with tall initial component.

Initial
companent

O
Left Atrial Hypertrophy (page 203)
® large, diphasic P wave with wide terminal component.
B 3
o o

Ventricular Hypertrophy ipages 204 to 210)

Right Ventricular Hypertrophy (pages 204 to 206)

® R wave greater than S in V,, but R wave gets progressively smaller
from V,—V,.

® S wave persists in V,; and V.
e H.A.D. with slightly widened QRS.

O
Left Ventricular Hypertrophy (pages 207 to 210)
S wave in V, (in mm,)
O + Rwave in Vs (in mm.)
Sum in mm. is more than 35 mm. (for L.V.H.)
e L.A.D. with slightly widened QRS
O ® [nverted T wave:
slants downward slowly L4 | | up
rapidly
‘?d*;. Tadatil K
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Infarction Location
— and —

Personal Quick Reference Sheets

INfarction pages 213 to 256

from: Dubin's Rapid Interpretation of EKG's
pubtlished by Cover Publishing Co., P.O. Box 1002, Tampa, FL 33601, USA

; @) O
¥ s ' o 09
wave - Infarction (significant Q's only) (pages 225 to 228) Corona rv Vessel InVOIVe me nt
® Significant Q wave is one millimeler (one small square)
wide, which is .04 sec. in duration. (pages 241 to 256)
i —or is a @ wave '/; the amplitude (or more) of the QRS from: Dubin's Rapid Interpretation of EKG's
ﬂ)mplex' O O publishied by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA
| ® Note those leads (omit AVR) where significant Q's are present
- . . see next page for determining infaret location, and Coronary Artery Distribution (page 241)
identifying coronary vessel involved,
® (Old infarcts: Q waves (like infarct damage) remain for a O O

Right Coronary Left Coronary

lifetime. To determine if an infarct is acute see below.

5T Isegment) Elevation = (acute) Injury (pages 220 to 224) (also Depression)

® Signifies an acufe process, ST segment returns to baseline
with time,

e ST Elevation associated with  waves indicates an acute
(or recent) infarct.

® A tiny "non-Q wave infarction” is noted as significant

{\/- ST segment Elevation without associated Q's. Locate
| Noois

next page) by identifying leads where it occurs,

c1ev0ting ® ST Depression (persistent) can represent “subendocardial
infarction” which involves a small, shallow area just
beneath the endocardium lining the left ventricle. This
is also a variety of "non-Q wave infarction.” Locate
in the same manner (next pagel.

O
Copyright © 1989 COVER Inc
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Infarction Location/Coronary Vessel Involvement (pages 241 to 256)

Posterior
(@) O o large R with Lateral
p; ST Depression in V, & V; Q's in | and AVL
i wave Inversion - Ischemia (pages 218, 219) o imiliion tea ‘ {Circumfiex Coronary Ariery)
® Inverted T wave (of ischemia) is symmetrical (left half m‘Qh,l ‘(‘lcrunir.v J—'\‘rlel.-rw pages 230, 242,
K i : 5 3 pages 234 to 238, 243.

and right half are mirror images). Normally T wave is

upright when QRS is upright. O O

® Usually associated in the same leads with acute

T (ST Elevation) infarction (Q waves)
1\12_ e |solated (non-infarction) ischemia may also be located by
MerHON - noting those leads where T wave inversion occurs, then O

identify which coronary vessel is narrowed.

O
Inferior~ " MAnterior

(diaphragmatic) Q's in
Q's in I, Hll, and AV‘;\F : V,, Vi, Vs, and V,
{R. or L. Coronary Artery (Anterior Descending
4 Always obtain patient’s previous EKG's for comparison! ; pages 231, 244 Coronary Artery)
j ")‘5:9 pages 229, 242
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Misce"aneous continued

from: Dubin's Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

. Personal Quick Reference Sheets e “\
Miscellaneous (ages 257-276)

from: Dubin’s Rapid Interpretation of KKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

Pulimonary Embolism (pages 259, 260) O O Electrolytes o) Fﬁ_ﬁltﬂimfl" 1 I H‘l fot
® S,Qql,—wide 8 in L, and large Q and inverted T in IIL Potassium (pages 261. 262) 4 j!”_ AT H= A
$ 425 Bubf B, G fien sl ¢ € g2 RN RN AT
® [nverted T wave V, — V, and ST depression in II o - ' : x"l'.‘.“jf::'f_ljil i _“l""'l_ Hit

Artificial Pacemakers (pages 269 to 274)
Modern artificial pacemakerq have sensing capabilities as well as Pm\:de
a regular pacing stimulus. This electrical stimulus records on EKG as a
liny vertical spike which appears just before the ' Laptured" cardiac
response. e st i | 08| O
® are "triggered” (activated) when Joic i : A
the ]patient’s own rhythm ceases ‘*5‘

Moderate Extreme

O e Decreased K' (page 262) ﬁ '—:T:I'j
HAEHEEIH]

Moderate Extreme

e or slows markedly. Tk L
_:' = | = It L3 g & Calcium (page 263) Hyper Ca'’ Hypo Ca'*
g o hibited” N A ER S g : TEER] I TR
S h “inhibited” (cease Eaung] if |74 81| jiu = s | i e
x the patient’s own rhythm Jeav & 3 t it Hi 1 RS FRASH IR0
El resumes at a reasonable rate. i lfi [ !’ M G s > = FrHHA EERas s rasaa s ag
8] P e = ~ L MR
! | B O TPt : . ¥
& @ T T Tt T &
%' § 20 short Q-T nrnlongod Q-T %‘
2 ", 2 [ . L=
B © N iobe chane > S Do g st &
2 & - - II
& with a premature beat. = el e Appearance with digitalis (digitalis effect) | ‘ig"
= = Also: b
s 5 ® T wave depressed or inverted. b
: 2 2 ® Q-T interval shortened.
Pacepraker Impulse Delivery (variety of modes): « Digitalis Excess > Digitalis Toxicity
A A -'r"| il (hlocks) {rapid ectopic discharge)
0 Y L W W 4 (O “ i u + SA Block - Atrial Fibrillation
| e | i | b (| \ Lk + P.AT. with Block +» Junectional or Ventricular Tachycardia
o VoV O O + AV Blocks + P.VCs
Ventricular Pacemaker (page 269) {Asynchronous) Epicardial Pacemaker (page 271) * AV Dissociation + Ventricular Fibrillation
{electrode in Right Ventricle) Ventricular impulse not linked to atrial activity. innldlne E"ecls
= Quinidine (pages 267, 268) ; SprTETLL
; O (@)
£l AT PR i ® Appearance with quinidine (page 267)
Atrial pacemaker (page 233) Atrial Svnchronous Pacemaker (page 273)
P wave sensed, then after a brief delay,
ventricular impulse is delivered.
_ O O
bl A N v
\* \' e S S e et £ F R . o B
1 (L' /\_ i <) e Quinidine toxicity (page 268) il ﬂ U n A I
Dual Chamber (AV sequem:ali Pacemaker | External Non-invasive Pacemaker (page 274) 2 == RESE J
q;-a“ ’ Torsades de Pointes .

Ipuge 273)
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Practical Tips

from; Dubin's Rapid Interpretation of EKG's

published by: Cover Publishing Co., P.0. Box 1082, Tampa, FL 33601, USA

Dubin's Quickie Conversion

— for —
Patient's Weight in Pounds to Kilograms

Pt. wt. in kg. = Half of patient’s wt. (in 1b.) minus '/ of that value.

Fwomples:

180 Ib. pt. 160 [h. pt. 140 Ib. pt.
Ibecomes 80 minus 81 {becomes B0 minus 8) thecomes 70 minus 7)
in 81 kg is T2 kg is 6 kg,
Modified Leads
— for —
Cardiac Monitoring

cach strip placed in the patient’s record.

[ neations are approximate, Some minor adjustment of electrode positions
may be necessary to obtain the best tracing. Identify the specific lead on

Identification
Sensor Electrode Letter Color (inconsistent)
+ R (or RA) white
- L (or LA) black
Ground (Neutral G (or RL) variable
or Reference)
i
Ve fred Modified
P \ Lead 1 \
P . e _
S ® .\'\i @ ® \
| E g A
| le A | N T
(1 \ | 1!
¢ unientional M,
Foonid l. (Ta make this MUl \
NoA e ey A
[ -~ wlmn o Lha - "
® pranse £ W70 Y
J I ®
] i t /
[® ®/| I (1A
\ \ \ ',\

Copyright © 1989 COVER Inc

EKG Tracings

This section contains EKG tracings (and their interpretation) from various pa-
tients. The tracings and interpretations are provided so that you can see how this
method of reading EKG's actually works. Try these few examples so that you will
be accustomed to this systematic approach. Once you learn how to systematically
read an EKG, you will soon become very skilled at routine EKG interpretations.

203



Patient D.D. is a 29 year old white male known to be a hypochondriac with
mimerous complaints,

EKG Interpretation

Patient: D.D,
Rate: about 70 per minute

Rhythm: Regular Sinus Rhythm
P-R less than .2 sec. (No AV Block)
QRS less than .12 sec. (No B.B.B.)
. but note the R,R’ in IIl suggesting incomplete Bundle Branch
Block.

Axis: Normal Range (about +30°).
Counter-clockwise rotation in the horizontal plane.

Hypertrophy: No atrial hypertrophy
No ventricular hypertrophy

Infarction: No significant @ waves
(coronary ST segments—not elevated, except for V; and V; where ST ig elevated

vascular I1smm. due to "early repolarization.”
status) T waves—generally upright

Comment: This is an essentially normal tracing. This is the author’s own EKG,
however he is no longer 29 years old.

*Early repolarization is characterized by (minimal) 8T elevation in the left chest leads, often with
counter-clockwise rotation (thorizontal plane), It is a normal finding in young athletic males, This is
covered in greater detail in Rapid Comprehension of EKG's (see page 277 in this book).
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Patient R.C. is a 45 year old white male with a history of coronary vascular
disease. Blood pressure was 210/100 on admission.

206

EKG Interpretation

Patient: R.C.

Rate: Atrial rate of 300/minute.
Ventricular rate generally 60/min. but occasionally slower.

Rhythm: Atrial Flutter (with inconsistent ventricular response, i.e. no fixed AV

ratio)

P-R is variable
QRS is less than .12 sec. (No B.B.B.)

Axis: Left Axis Deviation (—30°)
Clockwise rotation in the horizontal plane

Hypertrophy: Atrial hypertrophy difficult to determine.

No ventricular hypertrophy.

Infarction: @ waves—Q in lead I (also note large S in Lead III).
(coronary ST segments are generally isoelectric.

vascular
status)

T waves are inverted in I and AVL (look closely) and the mid-to-left
chest leads.

Comment: The most obvious problem is Atrial Flutter with an atrial rate of 300/

min. and a variable irregular ventricular rate (average cirea 60) caused
by the variable AV conduction ratio between 3:1 and 7:1. An old oc-
clusion of the Left Circumflex Coronary artery is evidenced by the
old lateral infarction. New involvement of the Anterior Descending
Coronary artery is suggested by anterior ischemia (T wave inversion
in V,, V5, Vi), as well as by the probable Anterior Hemiblock (shift
to Left Axis Deviation with @,;S; configuration; previously R.A.D. with
his old lateral M.L). Note that if one scrutinizes the T wave regions
(somewhat obscured by flutter waves) in the limb leads, the flutter
waves dip lower (suggestive of negative T waves) rather than higher
(if superimposed on upright T waves) in all but AVR, indicating a
generalized cardiac ischemia, as well as the obvious compromise of
both branches of the Left coronary Artery.
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EKG Interpretation

Patient K.T. is a 61 year old obese male who was brought into the emergency
room by his family. This patient had a sudden episode of severe left chest pain.
Dlood pressure was 95/65.

T 1 )
Patient: K.T.

i

V1 ST Rate: about 75/minute

i Rhythm: Generally regular Sinus Rhythm with occasional P.V.C.’s.
i P-R is exactly .2 sec. so we will have to say there is a borderline [irst
degree AV Block.
QRS is less than .12 sec. (No B.B.B.).

Axis: Left Axis Deviation (nearly —90°).
No rotation in the horizontal plane.

Hypertrophy: Probable left atrial hypertrophy.
Left ventricular hypertrophy.

Infaretion: Significant @ waves in I and AVL.
(coronary ST segments are elevated in I and AVL. ST segments are depressed
vascular inV,, Vg, V5, and V.
status) T waves are flat or inverted in II, III, and AVF and all chest leads.

o oA il
b e S
et

Comment: This patient has a classical acute lateral infarction caused by an oc-
clusion of the Left Circumflex Coronary Artery. Coincident with this
is a probable occlusion of the Right Coronary Artery characterized by
prominent R waves with ST depression in the (V, to V) chest leads.
Also T wave inversion in II, III and AVF suggests Right Coronary
compromise. T wave inversion in all chest leads is indicative of isch-
emia of the Anterior Descending Coronary Artery. Note also the tall,
peaked T waves in [ and AVL known as “hyperacute T waves” which,
although uncommon, are characteristic* of a very acute M.L. The Left
Axis Deviation was seen in this patient’s previous EKG's and is most
likely related to his left ventricular hypertrophy rather than impli-
cating Anterior Hemiblock (also, the Bundle Branch System appears
to conduct normally). Occasional P.V.C.’s caused by the ischemia, de-
pending on frequency and multiplicity of origin, may be foreboding of
more serious arrhythmias.

*see Rapid Comprehension of EKG's
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["stient G.G. is a 45 year old Black male who was doing heavy work when he
45 overcome by severe, crushing anterior chest pain. Blood pressure was 110/
ith on admission to the hospital.
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EKG Interpretation

Patient: G.G.
Rate: about 100/min. but variable.

Rhythm: Sinus Rhythm, somewhat irregular due to Sinus Arrhythmia.
P-R less than .2 sec. (No AV Block)
QRS less than .12 sec. (No B.B.B.)

Axis: Left Axis Deviation (—30° to —60°).
Clockwise rotation in the horizontal plane.

Hypertrophy: No atrial hypertrophy.

No ventricular hypertrophy.

Infarction: Significant @ waves in I1, 111, and AVF.
(coronary ~ There are also very large Q@ waves in V, V,, V,, and V,.
vascular ST segments are elevated in V,, V,, V3, and V,

status)

T waves are difficult to distinguish, but inverted T waves are noted
in V.‘. Vﬁ, and Vﬁ'

Comment: This patient has an acute antero-septal infarction probably repre-

senting an occlusion of the Anterior Descending branch of the Left
Coronary. Generalized ischemia of the myocardium is evident by the
flat-to-inverted T waves in nearly every lead. The old inferior infarc-
tion demonstrated on this EKG was noted on the patient’s previous
hospital record and is the documented etiology of his Left Axis De-
viation (no Hemiblock). Note that the QRS becomes isoelectric be-
tween V, and V; but this is not within the normal (V;, V,) range; this
represents minimal clockwise rotation away from the septal infarc-
tion. Old EKG’s showed no anterior involvement on his previous
admission.
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Patient E.M. is a 65 year old white female. She was admitted to the hospital
becnuse of constant left chest pain for twelve hours. Blood pressure on admission
was 110/75.

302

EKG Interpretation

Patient: E.M.
Rate: 60

Rhythm: Sinus Bradycardia
P-R is about .2 sec. and therefore there is probably a first degree AV
Block.
@RS is more than .12 sec. (it is .16 sec. wide). R,R' is present in V, and
Vi so there is a Left Bundle Branch Block.

Axis: Suggestive of Left Axis Deviation, but not reliable because of the presence
of Bundle Branch Block.

Hypertrophy: No atrial hypertrophy
Ventricular hypertrophy is difficult to determine because of Bun-
dle Branch Block.

Infarction: @ Waves—not a reliable criterion of infarction in the presence of Left
(coronary Bundle Branch Block.
vascular ST segments—not reliable in the presence of Left Bundle Branch Block.
status) T Waves are [lat in V,, V;, and Vg, but not reliable with Left Bundle
Branch Block.

Comment: Vectorcardiogram and enzyme studies confirmed a presumptive di-
agnosis of myocardial infarction. A careful study of the patient’s chest
pains made us suspicious.
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Patient M.A. is a 75 year old white female with a long history of marked
hiypertension.

304

EKG Interpretation

Patient: M.A.
Rate: about 125/minute

Rhythm: Sinus Tachycardia
P-R is less than .2 sec. (No AV Block)
QRS is less than .12 sec. (No B.B.B.)

Axis: Left Axis Deviation (minimal amplitude of QRS in limb leads makes exact
axis determination difficult).
No rotation in the horizontal plane.

Hypertrophy: Left atrial hypertrophy
Left ventricular hypertrophy with strain

Infarction: € waves are present in II, III, and AVF.
(coronary ST segments—generally isoelectric (on baseline), but V; and Vg show
vascular "strain” pattern.
status) T waves are inverted in | and AVL, and also in V;, V.

Comment: This patient has hypertrophy of both the left atrium and left ventricle
with a left ventricular strain pattern. The patient also had an old
inferior infarction. The Left Axis Deviation is caused by the Mean
QRS Vector pointing away from the (old) inferior M.1. and toward the
thickened left ventricle. It does not represent Hemiblock. There is cur-
rently (lateral) ischemia in the distribution of the Left Circumflex

Coronary Artery.
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EKG Interpretation

.M., an anxious, obese 47 year old white male in a plastic surgeon’s waiting
room, complained of "tight, squeezing” pain in his anterior chest. An electrocar-
diogram was quickly taken with a portable EKG machine.

Patient: R.M.

Rate: 75

Rhythm: Sinus Rhythm
i P-R .16 sec. (No AV Block)
QRS .08 sec. (No B.B.B.)

Axis: about +45° (Normal)
No rotation in the horizontal plane

Hypertrophy: Possible minimal left atrial hypertrophy
No ventricular hypertrophy

Infarction: @ waves—no significant Q waves
teoronary ST segments—elevated 2+ mm. in | and AVL
vascular T waves—inverted in I and AVL,
status)

Sl L e o

I
1

Comment: It is interesting that in this innocuous appearing EKG there is a sub-
tle non-Q wave infarction in the lateral left ventricle which very soon
developed into a serious lateral infarction. The symptomatology
suggestive of M.I. always must be investigated and scrutinized.

AVL '
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Rate (pages 48 to 75

from: Dubin’s Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

O Determine Rate by Observation (pages 58 to 66)

- L3 v ‘ -
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= S8 S My Neg
@) ; : ; 15 60 50
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e S —4 e
o e W I S D . -_1|-—- SO0 ek [ENS St T S S S KB
O Using the triplicates:
Name the lines following the R wave” line.

Fine division/Rate association: Reference (page 68)
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o 1500
* May be calculated: = RATE

mm. between similar waves

Bradycardia (slow rates) (pages 69 to 75)

@) e Cycles/6 second strip x 10 = Rate
e When there are 10 large squares between similar waves, the rate is 30/minute.

Sinus Rhythm: origin is the SA Node (“Sinus Node”),
normal rate 60 to 100/min.

e Rate more than 100/min. = Sinus Tachycardia (page 51)
e Rate less than 60/min. = Sinus Bradycardia (page 50)

Determine any co-existing, independent (atrial /ventricular) rates:

e Dissociated Rhythms: (pages 121, 143)
O A Sinus Rhythm can co-exist with an independent ectopic focal rhythm from
another level. Determine rate of each.

Irregular Rhythms: (page 89)
e With Irregular Rhythms (such as Atrial Fibrillation) always note the general J

\CS

7 (average) ventricular rate (QRS’s per 6-sec. strip times 10).
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Rhythm (ages 76 to 157

from: Dubin’s Rapid Interpretation of EKG’s
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

% Identify basic rhythm . . . O
. . . then scan entire tracing for abnormal waves, pauses, premature beats,
and irregularity

* Always:
e Check for P before each QRS o
o X QRS after each P
e Check PR intervals (for AV Blocks)
B QRS interval (for B.B.B.)
e Has QRS vector shifted outside normal range? (for Hemiblock)

Irregular Rhythms ages 86 to 90)

Sinus Arrhythmia (page 87)
Irregular rhythm which varies

with respiration. B o i e o s el 2 B R B M B R =2
All P waves are identical. 7 R et i 01 0 P e B B R S R RO T
Considered normal. [ an e e A e e e e E S R e R e R
- e Jdea)
T E il el I T Fhs .
- : ; -

Wandering Pacemaker (page 88)

Irregular rhythm. P waves change
shape as pacemaker
location varies.

Copyright © 1989 COVER Ine.

® % ® @ ® ® @ @ @ ® ® 8 ° € W W 8 8 S 8 & S 8 8 & 8 B B 8@ WS s e 8 e 888 s

but if the rate exceeds 100/min, O
then it is called
Multifocal Atrial Tachycardia

N 1 3 |

TSR el S SO B S
"\!"“‘J\_-"‘ .-—-/_-"—l"'-' "'-j'c \-—-—"-.._._V .-/\"—/""'—- O

Atrial Fibrillation (pages 89, 130, 131)

Irregular ventricular rhythm. . Baibiiai ; - = O
Erratic atrial spikes : . . .
(no P waves) from
multiple atrial foci.
Atrial discharges

\ may be difficult to see. A /vn"w’\""" /\/_‘V'% ?(v\\ i j,v,w\,.f» ‘,-y'm'tr?‘..r {:"‘\A_f;r;‘“k y
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RNYthM cont. mages 76 to0 157

published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

from: Dubin’s Rapid Interpretation of EKG’s

O EsSCape—the heart's response to a pause in pacing (pages 91 to 100).

O

O

@)

fail to emit a pacing stimulus; this

® An unhealthy Sinus (SA) Node may
“Sinus Block” results in a pause in

pause

iy

(page 93)
Atrial
Escape Beat
= ; . i The SA Node
unctiona Sl usually
. {page 94) : Escape Beat . L resumes pacing.

£ . i
L
—
>
L
o
L (page 95 |
=
w
@

cease pacing (“Sinus Arrest”),
causing an ectopic focus to

“escape” to assume

® But a sick Sinus (SA) Node may
pacemaker status.

(page 98)

(page 99)

(page 100}

it A

ovéntricular r};ythm”]

Premature Beats (pages 101 to 113)

>
©

)
EE’
2 ®
QG
L 2
[dRN®]
B

c
T o
LT

o
o

>
< »
™

.
.

producing a

.. Premature Atrial Beat
(page 102)

Premature Junctional Beat
(page 103)

Prermature Ventricular Contraction
(pages 104 to 112)
P.V.C.'s may be:
multiple, multifocal, in runs,
or coupled with normal cycles
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Rthhm continued

from: Dubin's Rapid Interpretation of EKG’s 0
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

Rapid Ectopic Rhythms (pages 114 to 134) O
\",Q 'f’g > '56,0 . —t ‘QQ
Rates: ) L i ’ Flutter Fibrillation
multiple foci discharging O

Paroxysmal (sudden) Tachycardia . . . rate: 150-250/min.

> (pages 115 to 123)
Paroxysmal Atrial Tachycardia (page 117) .. s
g Atrial focus discharging at 150-250/min. B Lk O
3 producing normal wave sequence, ] 8 _ B
g when P’s are visible. "z-i'f_--f.';—fu- /w-* '--—fv* A l_{ s ;ﬁ‘-* f——- 2
? e P.A.T. with block (page 118) 1
z Same as P.A.T. but only every \\NLM&’UG \\-'-' A\’“TA'\N HW ‘E\‘HL“_'
& 4 second (or more) P wave l i B S A i n A l . 3
% produces a QRS. ()i(j}“l” h);.uh,) i "-___{ | S “_5' Ro
¢ | Paroxysmal Junctional Tachycardia =
£ AV Junctional focus produces a rapid sequence :‘Al_ B R IR BT U b B TA 2 8
7 of QRS-T cycles at 150-250/min. QRS may i Riias Sl R SHEL B Mo =
be slightly widened. (page 119) IES S O A T il R
{ £ ] A e . @
Paroxysmal Ventricular Tachycardia s =
(pages 121 to 123) ,5:} =
Ventricular focus produces a rapid A ips=lalin AN LANA iy = %
(150-250/min) sequence of S l/h Vil H AN o b |
(P.V.C.-like) wide ventricular 12 EUER pReR R i B ] <o 4
complexes.
. - s i
. £
Flutter . . . rate: 250-350/min. (pages 124 to 127)

Atrial Flutter (pages 124, 125)

A continuous (“saw tooth”) rapid sequence of  » , " A UAAAMAANNIS MAAN A, O
atrial complexes from a single rapid-firing \t| \“ | j
atrial focus. Many flutter waves needed ' |
to produce a ventricular response. : : ' L

Ventricular Flutter (pages 126, 127)

A rapid series of smooth sine waves from a N
single rapid-firing ventricular focus; usually in U ‘\/\f/vvv '.Af\ /\(ﬂ\fﬂf‘mu f\l VO

a short burst leading to Ventricular Fibrillation.

PEIWY r;

s il

Fibrillation . . . erratic [multifocal] rapid dlscharges at 350 to 450/m|n lpages 129 to 134)
Atrial Ffbmfation (pages 130, 131) S—— G :
Multiple atrial foci rapidly discharge producing
a jagged baseline of tiny spikes. Ventricular
(QRS) response is irregular.

Ventricular Fibrillation (pages 132 to 134) ' 1
Multiple ventricular foci rapidly discharge producing » Fiian

\ a totally erratic ventricular rhythm without J Y 'f JU’ ”= v

T At e N T

identifiable waves. Needs immediate treatment.

it
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from: Dubin’s Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

(““Heart"”) Blocks (pages 135 to 156)

Sinus (SA) Block (page 136) An unhealthy Sinus (SA) Node misses one or
‘more cycles (sinus pause) .
. the Sinus Node usual!y resumes pacmg,

'L» pause | ,| lac 1 o but the pause may evoke an “escape”

O B response from an ectopic focus (see page 283).

AV Block (pages 137 to 144) blocks which delay or prevent atrial impulses from
reaching the ventricles.
1° AV BIOCK . . . prolonged P-R interval (pages 138, 139)
P-R interval is prolonged to greater B
than .2 sec (one large square). | LA L

O

® are P-R intervals less than one large square?
® is every P wave followed by a QRS?

[iri SR ol
2° AV Block . . . some P’s without QRS response (pages 140 to 142}

Wenckebach: P-R gradually increases with each 12 e o e
(page 140). cycle until the last P wave in the SpEsAN SRR AN
series does not produce a QRS. : e =

Mobitz II: Some P's don‘t produce a QRS
(page 141) response. May appear like an
(?3c35|0na1 dro?ped QRS.

T jnbtrwd T Ha iaamz )
The same block may persist as a
repeating 2:1 (AV) pattern
(page 142).

Always check:

More advanced block may produce
a 3:1 (AV) pattern or even higher
AV ratio (page 142).

3° (“complete”) AV Block . . . no P’s produce a QRS response
(pages 143, 144)
3° Block: P waves—SA Node origin.
(page 144) QRS’s—if narrow, then
Junctional focus origin.

U] HAAOQD 6861 @ 3ydrakdo)

3° Block: P waves—SA Node origin.
(page 143) QRS's—if P.V.C.-like, then
Ventricular focus origin.

O

Bundle Branch Block ... find R,R’ in right or left chest leads

¥|e @A (pages 145 to 155)
@|EgV
Og s g\QQRS in Right B.B.B. (page 150) QRS in Left B.B.B. (page 151)
I _— A T S
2229 ' — —
8|0E A R R l R .
Blom With Bundle Branch Block | R Caution:
<le - the criteria for [ With Left B.B.B.
ventricular thPebrl"oF’hY | infarction is difficult
are unreliable ;
O V,orV, e e r_ | VeorV, to determine.
t T = . -
2|28 “Hemiblock” . . . block of Anterior or Posterior fascicle of the
2 ﬁg Left Bundle Branch (pages 245 to 254).
Q|
0| 3% Anterior Hemiblock (pages 247 to 249) Posterior Hemiblock (pages 250, 251)
[=2] . .
g §'§ g Axis shifts Leftward — L.A.D. Axis shifts Rightward — R.A.D.
s Z|0°° look for Q,S, look for §,Qs
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AXIS (pages 158 to 196) =

X 2
—_— ﬁ
> v

from: Dubin’s Rapid Interpretation of EKG’s
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

General Determination of Electrical AXIS (pages 158 to 185) - e
Is QRS positive ( | ) or negative ( | ) in leads | and AVF? — %0 - + as .

. Determine Axis Quadrant
Axis Normal? 1
b e’ (page- i) (pages 169 to 185)

. . . if QRS is Positive (mainly
- + above baseline), then Vector points
‘ to positive (patient’s left) side.

‘ QRS in lead I (pages 169 to 176)

Lead I

. | QRS uprightin | and AVF
Normal: {"double thumbs-up sign”

. if the QRS is mainly Positive,
then Vector must point downward

+ to positive half of sphere.
Lead AVF

%% QRS in lead AVF (pages 177-180)

AXis in Degrees (pages 186 to 188)
After locating Axis Quadrant, find limb lead where QRS is most isoelectric:

Extreme Right Axis Deviation - - Left Axis Deviation
lead Axis -120—" | -60 lead Axis
|- =-90° L | - —-90°
AVL — —120° = Al A a0 AVR — -60°
i — -1560° - Il - -30°
AVF — —180° . " * 1 AVF -  0°

-180; 0

Right Axis Deviation R . Normal Range
lead Axis s lead Axis
AVF — +180° aso’_ A € o AVF —» 0
Il = +150° B w N — +30°
AVR — +120° a2~} i AVL — +60°
| - +90° | — +90°

Axis Rotation (left/right) in the Horizontal Plane (pages 195, 196)
Find transitional (isoelectric) QRS in a chest lead.

transitional QRS
(isoelectric)

i

o
)

Patient's

Right Left

I
1
%
| Patient's
|
I
|

/
</
&
-
=

Copyright © 1989 COVER Inc.
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Hypertrophy pages 197 to 212

from: Dubin’s Rapid Interpretation of EKG’s
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

O Atrial Hypertrophy (pages 199 to 203)

Right Atrial Hypertrophy (page 202)

O ® large, diphasic P wave with tall initial component.

N
o N
R
Left Atrial Hypertrophy (page 203)

SUS TN T |

df/iﬂ./}“ @ , <

. (s

® large, diphasic P wave with wide terminal cumponent

[+ Bfd

/>‘J4SJ

terminal
component

ventricular Hypertrophy (pages 204 to 210

Right Ventricular Hypertrophy (pages 204 to 206)

Copyright © 1989 COVER Ine.

® R wave greater than S in V,, but R wave gets progressively smaller
from V,-V,.

® S wave persists in V5 and V.
O ® R.A.D. with slightly widened QRS.

Left Ventricular Hypertrophy (pages 207 to 210)

O S wave in V, (in mm.)
+ R wave in V; (in mm.)

Sum in mm. is more than 35 mm. (for L.V.H.)

e L.A.D. with slightly widened QRS

initial i -
component - ;, i (‘ y"/ f’ e A.-vl é:&,#

o) tec

PHW./ | -

® -
@ Inverted T wave
f N, - art b,
slants downward slowly 1} Ll uw LIS 7 vt
rapidly Tooyt =43
8> 1
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INfarction pages 213 to 256

from: Dubin’s Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

Q wave = Infarction (significant Q’'s only) (pages 225 to 228) O

e Significant Q wave is one millimeter (one small square)
wide, which is .04 sec. in duration.
—or is a Q wave !/3 the amplitude (or more) of the QRS
complex. O

® Note those leads (omit AVR) where significant Q’s are present
. . . see next page for determining infarct location, and
identifying coronary vessel involved.

e Old infarcts: Q waves (like infarct damage) remain for a O
lifetime. To determine if an infarct is acute see below.

ST (segment) Elevation = (acute) Injury (pages 220 to 224) (also Depression)

e Signifies an acute process, ST segment returns to baseline
with time.

e ST Elevation associated with Q waves indicates an acute
(or recent) infarct.

® A tiny “non-Q wave infarction” is noted as significant
ST segment Elevation without associated Q’s. Locate
(next page) by identifying leads where it occurs.

® ST Depression (persistent) can represent “subendocardial
infarction” which involves a small, shallow area just
beneath the endocardium lining the left ventricle. This
is also a variety of “non-Q wave infarction.” Locate
in the same manner (next page).

Copyright © 1989 COVER Inc.

. O
T wave Inversion = Ischemia (pages 218, 219)
® Inverted T wave (of ischemia) is symmetrical (left half
and right half are mirror images). Normally T wave is
upright when QRS is upright. O

® Usually associated in the same leads with acute
T (ST Elevation) infarction (Q waves)

® Isolated (non-infarction) ischemia may also be located by
noting those leads where T wave inversion occurs, then O
identify which coronary vessel is narrowed.

inversion

K* Always obtain patient’s previous EKG’s for comparison!
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Infarction Location
— ahd —

Coronary Vessel Involvement

(pages 241 to 256)

published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

from: Dubin’s Rapid Interpretation of EKG's

Coronary Artery Distribution (page 241)

i Right Coronary
- Artery &

Left Coronary |
i Artery i

terfior Descending

Infarction Location/Coronary Vessel Involvement (pages 241 to 256)

Posterior
® large R with

ST Depression in V; & V,

® mirror test

(Right Coronary Artery)
pages 234 to 238, 243.

Lateral

Q's in | and AVL
(Circumflex Coronary Artery)
pages 230, 242.

Infgri_,q;:/

_ ) ke Anterior
(diaphragmatic) Q's in
Q's in Il, I, and AVF Vi, V,, Vs, and V,
(R. or L. Coronary Artery) (Anterior Descending

pages 231, 244 Coronary Artery)
pages 229, 242. /

J
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Miscellaneous pages 257-276)

from: Dubin’s Rapid Interpretation of EKG’s
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

Pulmonary Embolism (pages 259, 260)

® S,Q;L;—wide S in I, and large Q and inverted T in IIL
e acute Right B.B.B. (trans:ent often incomplete)

e R.A.D. and clockwise rotation

® Inverted T wave V, — V, and ST depression in II

Artificial Pacemakers (pages 269 to 274)

Modern artificial pacemakers have sensing capabilities as well as provide
a regular pacing stimulus. This electrical stimulus records on EKG as a
tiny vertical spike which appears just before the captured" cardiac
response. N e

® are “triggered” (activated) when
the patient’s own rhythm ceases
or slows markedly.

EEEEELY
e 86 :mm@nmw

i mgmmm& 1
i i JE T L A

§
ﬁﬂi?

® are “inhibited” (cease gacing) if
the patient’s own rhythm
resumes at a reasonable rate.

® will “reset” pacing (at same
rate) to be synchronous
with a premature beat.

Demand Pacemakers: (page 272)

Pacemaker Impulse Delivery (variety of modes): 7SS P
\ -1
. \—‘h \“I‘ fk\._r 1' b T e
“|'. v’ 1 " \
Ventricular Pacemaker (page 269) (Asynchronous) Epicardial Pacemaker (page 271)
(electrode in Right Ventricle) Ventricular impulse not linked to atrial activity.
i o M P S TR p Bl
ot s e e o (5 215 SER L 2 SRR 3 i
Atrtal pacemaker (page 273) Atrial Synchronous Pacemaker (page 273)

P wave sensed, then after a brief delay,
ventricular impulse' is delivered.

ook _
\__.\\ \J \ \E N\ = ,"’_ .'“n’.._,._- /’,;“_h v
| {Li \‘:ﬁ L(LI -__I,J ey

Q' Chamber (AV sequential) Pacemaker | External Non-invasive Pacemaker (page 274)

(page 273)

O

Copyright © 1989 COVER Inc.
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Miscellaneous continued
from: Dubin’s Rapid Interpretation of EKG’s
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA
T 0 0 mEEEN [ ; - 1
O Electrolytes HH R, e e
Potassium (pages 261, 262) i;;:;- sl : Hp [-.{;;EEE
P I HTH 1 I i_.: _q_; ii
e Increased K* (page 261) ' siEtiees s F N
: }-Ea}u; qnl;_;. r } ‘“.".‘,—T"%%ﬂ
O Moderate ~ Extreme
g R
" T ‘}‘i“.“[ : i: _'L;o‘ ! 1 p:Jml;onl‘ [
o I | a 2 1 L Ll l‘l..'n -
O e Decreased K' (page 262) EEECr R
ik einaafite e 7’%
R R
Moderate Extreme
- Calcium (page 263) Hyper Ca*’ Hypo Ca**
:g St —t r -k 'I!_—f—“" S 38
R Siseassinasnie
m' . e
= .
& ]
— L4
)
g Digitalis (pages 264 to 266) |Ji b‘&o‘:,"e
. ®
= e Appearance with digitalis (digitalis effect) ‘ ‘ 4369‘\
o~ Also: o 9
g ® T wave depressed or inverted. ’ &
. e QQ-T interval shortened.
e Digitalis Excess ——> Digitalis Toxicity
(blocks) (rapid ectopic discharge)
+ SA Block « Atrial Fibrillation
+ P.AT. with Block « Junctional or Ventricular Tachycardia
O « AV Blocks « P.VCs
+ AV Dissociation » Ventricular Fibrillation
Quinidine (pages 267, 268)
O
e Appearance with quinidine (page 267)
@)
i i - %ﬁi%umuﬂ .
e Quinidine toxicity (page 268) AR R
SEUHE

%
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Practical Tips

from: Dubin’s Rapid Interpretation of EKG's
published by: Cover Publishing Co., P.O. Box 1092, Tampa, FL 33601, USA

/

Dubin’'s Oulcge conversion O
— r-—-
Patient's Weight in Pounds to Kilograms

Pt. wt. in kg. = Half of patient’s wt. (in 1b.) minus '/,o of that value.

O
Examples: 180 1b. pt. 160 1b. pt. 140 1b. pt.
(becomes 90 minus 9) (becomes 80 minus 8) (becomes 70 minus 7)
is 81 kg is 72 kg is 63 kg.
O

MOdifi?d Leads
Cardiac Monitoring

Locations are approximate. Some minor adjustment of electrode positions

may be necessary to obtain the best tracing. Identify the specific lead on =
each strip placed in the patient’s record. e
-
Identification &
Sensor Electrode Letter Color (inconsistent) >
+ R (or RA) white )2
- L (or LA) black ®
Ground (Neutral G (or RL) variable =
or Reference) T
: a
(=]
Modified , Modified . . =
Lead I M Lead 11 \ s
P /”')v’\‘
§, 10 ® \
‘_?‘ ® i P . e A e I O
! J ? £ \ £ [ 1\ - A -".'
| jl@)* X i | o
f / {__ ¢ r \
O
Conventional ; McCl, ,
Lead 5 g | (To make this MClg \
% iT move @ electrode e
g v\‘w.\ to same {mir:‘o'r} - )\’Qﬂ/\-«. ~
i - position on the = R
© p;'_tt[i}{:nt’ste left side ® &) o
L ® P © ¢ .
¢ 1K ® A
2 J \ o | }
. ﬁ@‘ ® | f _ (|
k '[I \ / \ \ \ ‘19‘])




