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Chapter 1: Basic Principles

1790, Galvani

Galvani knew that completing a circuit connecting dissimilar
metals to the legs of a recently deceased frog would create a
simulating current. electrical

The resulting electrical current would stimulate the frog’s legs
. | 10 jump, and with répeated stimuli he could make (hem i dance

Note: But in those times, bringing a dead frog “back 1o life”
| was a shocking and ghastly “supernatural™ feat,
{ And Galvam loved i!)*

* Giet yoursell s warm cup of coffee, relux and enjoy...
thee fest is just & casy and entertuining,
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Chapter 1: Bisic Principles

1855, Kollicker and Mueller

‘While conducting busic research around 1855, Kollicker and Mueller found that
when 2 motor nerve 1o 4 frog’s leg was laid over its isolated beating heart, the leg

kicked with gach heartbeat.

“Eurcka!” they thought, “the same electrical stimiulus thal
cases a frog's leg to kick must cause the heart 1o

il

So it was logical for them to assume that the beating
of the heart must be duc to a rhythmic discharge of
stimuli.

Mote: And thus an association between the rhythmic pumping

of the heart and electrical phenomena was scientifically established.

Very basic and very important,

beat

electrical



Chapter | Basic Principles

Mid 1880, Ludwwig and Waller

i
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In the mid I880"s, while using a “eapillary electrometer,” Ludwig and Waller
discovered that the heart's chythmic electrical stimuli could be monitored from
aperson’sskin, '

< This apparatus consisted of sensor electrodes that were placed
on 4 man's and connected to a Lippman capillary skin
- electrometer, which used-a capillary tube in an electric field

to-detect fant clectrical activity,

The fluid level in the capillary tube moved with the rhythm
. of the subject’s -bedit. .. very interestimg, heart

I
- This apparatus was a little oo unsophisticated for clinical
| “application, oreven for economic exploitation, but it
Lowas _ interesting. very
I

Note: This momentous achievement apened the door for recording the
heart’s eléctrical activity from skin surfaces.




Chapter | Basie Pongiples

Research by Dr. Willem Einthoven

Enter D, Willem Einthoven, a brilliant seientist who suspended a sibvered wire
between the poles of o magnet,

Two skin sensors (electrodes) placed on a man were then
connected to the ends of the silvered wire, which ran
between the two poles of the : magnet

The silvered {in the magnetic field) wire
iwitched to the rhythm of the subject’s heartbeat.

This was also very interesting, but Einthoven
wanted a timed record.




Chapier 1: Basic Principles
1901, ‘Einthoven invents the EXG machine

ERG
recording

So Einthoven projected a tiny light beam through holes in the magnet's poles, across
- the twitching silvered wire. The wire's rhythmic movements were recorded as waves
tihat he named P, QRS, and T) on & moving scroll of photographic paper.

fery clever, that Einthoven! The thythmic
movements of the wirg (representing the heartbeat)
ted a bouncing shadow. ..

. that was recorded as a series rhythmic
of distinct waves in repeating cycles,

He named the waves of each cycle (alphabetically)
RS, and

e “Now,"” thought the clever Einthoven, “we can record a heart's

ratl electrical activity ... and compare it to the normal.” And thus
- & great diagnostic tool, his “electrokardiogram™ (ElectroKardioGram),
- evolved around 1901, Let's see how it works...



Chapter 1; Basie Pongiples

The electrocardiogram (EKG) records the electrical activity of the heart, providing
a record of cardiac clectrical activity, asowell as valuable information about the
heart's function and structure.

The electrocardiogram is known by the three leters - EKG
it provides us with a record of cardiac electrical activity and
valuable information about the heant's function and struciure.

Note: Since the time of Einthoven's “glectrokardiogram,” the medical
profession has used the letters ERG to represent the electrocardiogram.
Some sav that “ECG™ is more comect, and you may see it used in some
texts. However, Medicine honors tradition, and EKG has been used for
vears, Also. ECG sounds like EEG (the brain wave recording), and this
can cause misunderstinding and confusion.

The EKG is inseribed on o ruled paper strip that gives

s i permancnt of cardiac activity and the record
health status of the heart, Cardiac monitors and cardiac

telemetry provide the same information in real time.




Chaprer 11 Basie Panciples

1\:!-

Laft
Ventricle

The EEG records the-clectneal activity of contracton of the heart muscle
{“myocardium™ ).

The information recorded on the EKG represents the heant's
activity. electrical

Most of the mformation on the ERG represents electrical
activity of of the myocardium, contraction

Note: The ERG also yields valuable information about the
hean’s rate and rhythm,

When the myocardiom (cardium = heart, mye = muscle)
is-electrically stimulated, it . contracts

Note: This illustration is intended o familiarize you with the
stmplified cross=section of the heart. The chambers are identified.
and you should know them, tor this diagram will be used ofien.



Chapter 17 Basie Principles

The interiors of heart muscle cells tmyocyies®™) are negative (“potarized”) at rest,
but when “depolarized” their interiors become positive and the myocyies comrict,

While in the resting siate, myocyles are polarized, the:
interior of every cell being | -ly charged.

Note: In the strictest sense, a resting polarized cell has a
negmwcl}r charged interior and a positively charged outside hlll'fiil..t.
‘but for simplicity we will consider only the negative interior,

The interiors of resting myocyies are negative, but
when these ¢ells are depolarized. their interiors
become andl the cells contract.

B 'qulmzﬂhun" maoves as a wive through the myocardium.
As this wave of depolarization stimulates the heart's myocytes,
they become positive and A

* Just 3 the hean muscle is called the syocardiom, its cells are called "myocytes”.

negative

pisitive

coniract



( Chapier 1: Basic Principles

mynmnimm

ngﬂlﬂnﬂh{:n may be considered an advancing wave
cof _ charges within the heart’s myocytes,

Note: The depolanization wave initiates conteaction of the resting
myvocytes as the charge within each cell changes 10 positive.

The advancing wave of depolarization causes progressive
sntraction of the myocardium as this wave of ______ charges
sasses wough the interiors of the myocytes,

- Note: The cell-to-cell conduction of depolarization through
the myocardinm is cartied by fast-moving sodium (Nat) ions,
e 45 n the illustration above.

As a wave of depolarization progresses through the heart, it causes contraction of the

positive

positive:
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Chapaer 1: Basic Principles

The depolarization wave (cell interiors become positive), and a phase of

repolarization (cell interiors return 1o negative) that follows, are recorded

o the ERE as shown,

This stimulating wave of depolarizaton makes the inleniors
of the myocyies and stimulates them
Lo contract.

Then the myocyte interiors regain their resting negative
charge during the phase that follows.

Nate: Repolarization is an electrical phenomenon that, in reality,
begins immediately after depolarization, The broad hump that
we sec on EKG is the most active phase of repolarization.

Myocardial contraction is caused by _ of
the myocyies, which records on the EKG as shown above.
The recovery phase that follows depolarization is known

as {see illustration).

positive

repolarization

depolanzation

repolarization




Chagster 1; Basic Principles

Sensors called “elecirodes™ are put on the skin (0 detect the hean's electrical agtivity,
The EKG machine records this activity on moving paper as-an clectrocardiogram,

Both depolarization and repolarization of the myocardium are
phenomena caused by the mavemerit of ions. “electrical

The heart's electrical activity may be detecied and recorded

fron surface by sensitive monitoring equipmient, skin
mcluding EKG machines, candiac monitors, and '

telemetry devices,

- EKG records the electrical activity of the heart
v skin sensors called electrodes




Chagpiter |1 Basic Principles

As the positive wave of depolarization within the myocytes flows loward o positive
electrode, there is a positive (upward) deflection recorded on ERG.

MNote: “Positive clectrode,” of course, refers o a posilive
glectrode actively recording a patieat’s ERG.

A wave of depolarization advancing through the myocardium
15 a moving wave of charges.
{Hére come the Na® ions!) '

When this wave of positive charges (Na® jons) moves
toward a positive electrode, there is o simultaneous
upward deflection recordedonthe

In general, when you see an upward wave on EKG,
vou know that it represents a depolanzation wave
moving toward a electrode.
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Sinus Rhythm

SA Node
"Sinus Node™

The heart”s dominant pacemaker, the SA Nade, inltkatés o wave of depolarzation thit
spreads ourward, stimulating the atria to contract as the circular wave advanges.

Note: The SA Node (“Sinus Node™) is the heart’s dominant paceniaker,
and its pacing activity is known as a *Sinus Rhythm.” The generation of
pacemaking stimuli is automaticity, Other focal areas of the heart that
have autematcity are called “auromaricity foci.”

The SA Node, located in the upper-posterior wall of the right
. initiates a depolarization wave at regular intervals Atrium
10 accomplish its pacemaking responsibility.

Each depolarization wave of + charges (Na* ions) proceeds oulward
from the SA Node and stimulates both atria to ; contract

The ability of the SA Node to generite pacemaking stimuli
known as . automaticily

ﬁm:_ The depolarization wave Howsaway from the SA Node invall
directions. Imagine the atria as a pool of water. A pebble dropped in at the
SA Node produces an enlarging, circular wave (depolarization) that spreads
outward. Auial depolarization {and contraction) is a spreading wave of
pesitive charges within the atrial myocardial cells. Lets read this page again.
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Chapier 12 Baske Principles

Each depolanzation wave emitted by the 8A Node spreads through both atra.
proglecing o P wave on the EKG.

Note: The illustration depicts the positive wave of atnial depolanzation
advancing toward a positive skin electrode, producing an upwird
(positive) P wave on EKG.

The wave of depolarization sweeping through the atra
can be detected by sensitive ___ electrodes. skin

Adrial depolarizstion is recorded as a ___ wave on ERCG P

So when we seea P wave onvan electrocardiogram,
we know that, electrically speaking, it represents
atrial " depolarization

MNote: The atria have a specialized conduction system.
which we will examine later (page 101, il you're curious),
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atrial contraction

Thus the P wave represénts the electrical activity (depolarization) of both atria,
and it also represents the simulianeoys contraction of the atni,

Ax the wave of depolarization moves through both atna.
there is @ simultaneous wave of atnal

contraclion

Sothe P wavee represents the depolarization and
contraction of both

alria

Note: In readity, contraction of the atria lasts longer than the duration
of the P wave, However, we'll still consider that a P wave = atrial
contraction. This simultaneous contraction of the atria forces the blowd

they contain o pass through the Atno-Ventricular (AV) valves between
the atria and the ventricles.
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Chaper 1) Basie Principles

(back of pﬂnliirunt]
tricuspid valve mitral valve

. -.antu-riuf
(front of patient)

Atrio-Ventricular (AV) valves
« prevent blood backflow to the atria

» glectrically insulate the ventricles from the atria

The Atrio-Ventricular (AV) valves prevent venincle-to-atrinm blood hackflow, and
they electnically imsulute the ventracles from the atria. .. exscept for the AV Node, the

only conducting path between the atria and the ventricles.

When the ventricles contract, the blood they contain cannot
flow back into the atria due 1o the very efficient ___ valves,

The mitral and tricuspid (AV) valves lic between the atria
and the ventricles. thereby acting o electrically
the ventricles from the atra. ..

. leaving only the _ Node as the sole pathway 1o conduct
the depolarization stimulus through the fibrous AY valves
tor thie ventricles.

Note: The AV Node is just above, but continuous with, o specialized
conduction system that distributes depolarization o the ventricles very
cificiently. Next we will review the movement of blood through the
hicaart s chambers.

AV

insnlate

AV




Chageer 12 Basic Principles

Oxygen-depleted venous blood emers the right atrium. Atrial contraction lorces
biood theough the pricespid valve into the right ventnele: which pumps it into the
lungs,

Note: Trcuspid is right side.

The right side of the heart (right atrium and right ventricle)
receives under-oxygenated venous blood from all over the
body. and pumps it into the i lungs

The right ventricle contracts, forcing the under-oxygenated
venous blood through the pulmonary valve into the
pulmonary . and thenece to the lungs, artery

Note: Remember, both atria contract simultancously, and also both
ventricles contract together. However, the right and left sides of the
heart have different responsibilities.
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Oxygenated hlood from the lungs enters the left atrivm, wiich contracts o force
biood through the mitral valfve mto the left ventnele. The powerlul lelt ventricle,
i furn, pumps blood through the aorta 1o all areas of the body,

Note: Mitral is Jeft side.

The el atrium contracts, forcing oxvecnated blood J
through the valve into the left vemrcle, mitral

Then the muscular lelt ventricle contracts, forcing oxygenated blood
through the aortic valve into the ' That's too easy!) aorta

Both atria contract simultaneously, then both ventricles ©
contract sumultancously,




Chapter 11 Basic Principles

; ; atrial contraction

AV Node
depolarization

slowas
| down

When the wave of atrial depolarization enters the AV Node, deépolarization slows,
- producing a briel pause, thus allowing time for the blood in the atria to enter the
ventricles. Slow conduction through the AY Node is carried by calcium (Ca*) ions

Note: Of course you remember that the AV Node is the only
- glectrical conduction pathway between the atria and the ventricles.

- Because depolarization slows within the AV Node,
there is a briefl delay or before

ptise
- depolarization s conducted 1o the ventricles.

-_Thrs brief pause allows the blood from the atria 1o pl]i‘.-
“through the AV valves and into the

ventricles

Note: At this point, we are correlating electrical activity with
mechanical physiology. The atria contract, forcing blood through

the AV valves, but it akes a little time for the blood to flow through
the valves into the venricles (hence the necessary pause that produces

a short piece of flat baseline after ¢cach P wave on the EKG).
Please review the illustration again.

14
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Chapter |1 Basic Pranciples

Depolarization conduects slowly throagh the AV Node. but upon reaching the
ventricular conduction system, depolarization rapidly shoots through the
His Bundle and the Left and Right Bundle Branches and their subdivisions,

Depolarization conducts slowly through the AV Node, since it is
carried by slow-moving Ca®* jons, but depolarization shoots rapadly
through the ventricular conduction system beginning in the Bundle: His

Depolarization conducts slowly through the AV Node,
then rapidly through the His Bundle to the Right and
Lelt Branches. Bundle

Depolanization shoots rapdly through the His Bundle and the
Bundle Branches and their subdivisions, so depolarization is
guickly distributed 1o the myocyies of the : ventricles

Nole: The ventricular conduction systém originates al the His Bundle,
which penetrates the AV valves, then immediately bifurcates (in the
interventricular septum ) into the Right and Left Bundle Brunches, The
His “Bundle” and both “Bundle”™ Branches are “bundles” of rapidly
conducting Purkinje Gibers®, Like the myocardivm, Purkinje fibers
use fast-moving Na® wons for the conduction of depolanzation.

* Texis in the past (incheding this one) have incoreectly implicd that only the
terminal flaments were Purkinge fibers, Notsol Study “MNote™ amd leamn it cornectly.




Chapter |: Bagic Principles

QRS

carmpiex

e terminal filaments of the Purkinje fibers rapidly distribume depolarization 1o the
septricular myocytes. Depolanzation of the entire ventricular myocardium produces
ﬂﬂ?ﬁ :',umplu on EKCG.

- Wote: The ventricular condugtion system is composed of bundles of
mapidly-conducting Purkinje fibers that carry depolanzation away from
the AV Node at high speed. The Porkinje fibers terminate in tiny

- filaments that directly depolarize the ventricular myocytes. The (rapid)
- passage of depolarization down the ventricutar conducting system s
100 weak 1o record on EKG: however, depolanization of the ventricular

“my ::rq:nreimm records as a QRS complex.

- Depolarization conducts slowly through the AV Node (using Ca* ions),

~and then conducts rapidly (using Na* jons) through the His Bundle to the

Right and Left Bundle Branches into the termunal filaments of the

f_'l?hrkinju: fibers, which depolarize the myoeyies,  ventricular

MNote: The terminal filiments of the Purkinje fibers spread ow

just beneath the endocardium that lines both ventricular cavities,
therefore ventricular depolarization begins at the lining and proceeds
toward the outside surface (epicardium) of the ventricles. The Purkinje
fibers branch and subdivide just beneath the endocardial lining, but
they really do not penetrate into the myocardium, Since that's almost
imppssible to depict in a two-dimensional drawing, please recognize
the limits of the ilustration and remember it correctly.,
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Ventricular QRS
Contraction

of the Purkinjo fibers

The entire ventricular conduction system consists of rapdly conducting Purkinge
fibers. The terminal filaments of the Porkinge fibers depolarize the ventricular
myocardiiin. imtisting ventrcular contraction while mscribing a QRS complex
om Bk,

The terminal filuments of the Porkinje fibers rapidly conduct
to the myoeytes that lie just beneath the depolarization
the endocardial lining of bath ventricles.

Note: Remember, the entire ventricular conduction system, i.e.,
the His Bundle through the terminal [laments, is composed of
Purkinje fibers that use fast-moving Na* 1ons for conduction.

Depolanization of the ventricular myocyies produces
a complex on the electrocardiogram and intiates RS
contraction of the vennicles,

Note: The QRS complex actually represents the beginning of
ventricular contraction. The physical event of ventricular contraction
actually lasts longer than the QRS complex, but we will stifl consider
the ORS complex as generally representing the occurrence of
ventricular contraction, So the QRS complex s an electrocardiographic
recording of ventricular depolarization, which causes ventnicular
contraction. Still with me?
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The Q wave is the first downwird wave of the QRS complex, and it is folowied by
n upward R wave, however the () wave is often absent on EKG.

he QF wave, when present. always occurs at the
3 of the QRS complex and is. beginning
e first downward deflection of the complex,

e downward Q wave is followed by an upward __ R

Note: I there is any upward deflection in a QRS complex thal
- appears before a “Q7 wave. it is not a Q wave, for by convention,
when present, the @ wave is always the fiest wave in the complex.

* It is now popular 16 use small (non-Capital) letiers o designate small waves in
the QRS complex. for instance a "q” {small, lower case ) wave is o small wave,
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The upward B wave is followed by & downward § wave, The entire QRS complex
represents ventrcular depolarization.

The first upward wave of the QRS complex is
the ; R wave

Any downward wave PRECEDED by an upward
Wwave'ls an S wave

The complete QRS complex can be said to represent
___depolarization (and the initiation ventricular
of ventricular contraction).

Note: An upwird wave is always called an R wave. Distinguishing
between the downward O and downward 8§ waves really depends on
whether the downwsird wave occurs before or after the R wave. The
() occurs before the B wave, and the § wave follows the R, Just
remember your alphabet.
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the numbered waves in ¢ach QRS 'éninpilc:;.

0O wave

R wave

QS wave

Note: Number 4 is  little unfair. Because there is no upward wave,
we cannol determine whether number 4 is a Q wave or an S wave,
Therefore it is called & Q8 wave, and it is considercd 1o be a Q wave
when we look for ()'s.
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plateau
phase

S| ventricular
repolarization

Following the QRS complex, thire is 4 segment of hodzontal baseline known a5 the
ST segment. and then a broad T wave appears,

The horizontal segment of baseline that follows
the QRS complex is known as the segment,

Adter the QRS there is a segment of horizontal baseling,
followed by a broad hump called the wave.

‘Note: The 8T segment is horizontal. Mat, and most importantly, it is
normally level with other areas of the baseline, If the ST segment is
elevated or depressed beyond the normal baseline level, this 15 usually
an sign of serious pathology that may indicate imminent problems,

Note: The $T segment represents the “plateau” (initial) phase of
ventricular repolarization, Ventricubar repolarizaition i rather
minimal during the 8T segment.
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— e ¥ |

| rapia
. phase
S | wventricular

repolarization

The Twave represents the final, “rapid™ phase of ventricular repolarization,

ng which ventricular repolarization occurs quickly and effectively.

ola 1zation oceurs so that the ventricular myocytes
2= recover their interior, resting _____ charge, negative
3 they can be depolarized again.

a1 though the T wave is usually a low, broad hump, N
Erepresents the phase of ventricular repolanization. rapid

epolarization of the ventricular myocytes beging immediately
Ser the QRS and persists until the end of the __ wave. T

ole: Repolarization (both phises) is accomplished by
potzssium (K*) ions leaving the myocyles.

Wote: Ventricular systole® (contraction) begins with the QRS

and persists until the end of the T wave. So ventricular contraction
ts¥stole) spans depolarization and repolarization of the ventricles.
This is a convenient physiological marker,

* Pronouinced “SISS-toe-lee™
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Q

QT interval _

Since ventricular systole lasts from the beginning of the QRS until the emd of the
T warvee, the OT interval has climcal significance.

The QT interval represents the duration of ventricular
 and s measured from the beginming of the systole
QRS until the end of the T wave.

Note: The QT interval is a good indicator of repolarization; since
repolarization comprises most of the OT interval. Patients with
hereditury Long OT intérval ("LQT) svndromes are vulnerable
o dangerows (or even deadly) rapid ventricular rhythms. 1f you
routinely examine the QT mterval in all EKG™s_ eventually you
will deteet this anomily, and probably save a patient’s life during
VOUF carcer. -

MNote: With repid heant rates both depolarization and repolarization
occur faster for greater efficiency, so the QT interval varies with heart
rate. Precise QT interval measurements are porrected for rate, so they
are called QTe vilues. As a simple rule of thumb, the QT interval

ts considered normal when it is fess than half of the R-10-R interval

a1 normal rates.
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Intermittent Mobitz (2° AV Block)

Intermittent
dmpimd
¥
, A f ! /

,_,.n.,‘_-. . tH :i"--uf“"! "'\JA'.I 5

Occasional dropped QRS due to permanent BBB
(one side) with intermittent BBB of the other side.

Simultancous REBHR and LBBB prevents depolarization from reaching the ventricles:
his is a complete (3°) AY block. So, block of one Bundle Branch with intermittent

Block of the other produces inteemitient complete AV block, intermittent Mobitz,

Right BBB plus intermintent Left BBB will record on EKG
& continuous Right BBB pattern QRS's with intermittent
spisodes of complete AV block (P waves without response). ORS

6t BBB plus intermitient Right BBB will record on EKG as
sntinuons Left BRB pattern QRS's with intermittent episodes
: mmph.u AV block (P waves without ____ response). QRS

mote: An EKG wracing or cardiae monitor display with a continuous

: BB pattern QRS with an oceasional missing QRS indicates
stermittent complete AV block. The imermittent block may worsen,

‘eventuating in a constant complete AV block. This intermittent Mobitz
{:h‘.ncﬂy what it is) flashes an important warning sign. faterminent

- Mobirz is the heart's warning thot eventually it will need an artificial
pacemaker to drive the veniricles af a normal rate; Don't let it slip by

> Dl.t unnoticed. .. for the patient’s sake!
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Calcium (Ca**) ions:
cause myocyle contraction.

b dorrd

ket s

pudighight  Eulitiey

Potassium (K*) ions:
outflow causes repolarization
of myocytes.

Sodium (Na*) ion movement produces cell-to-cell
conduction (of depolarization) in the heart...

B

except the AV Node, which depends

on the (slow) moyement of Ca** ions.

The movement of three types of jons determines all aspects of cardiae conduction,

contrection; and repolanzation,

Thie release of free Ca** ons into the interiors of the

myocyies produces myocardial

Following depolarization, repolarization is due o
the controfled outfTow of ___ ions from the myocytes.

Cell-to-cell conduction (of depolanization) through the
myvocardium 15 carried by Na® wons, however, AV Node
conduction is die o the slow movement of ___ 1ons,

Note: This informanon may seem incongruous in an EKG text,
however, during this millennium this page will prove 1o be the most
importam of all. Movement of these three jons is the very basis of
cardise physiology; this knowledge will serve you well in the future,

Note: Very soon, all health care professionals will understand (so easy!)
cardiac function on the iome-molecular level by reading lon Adventire
i the Heartland, which demonstrates how and why the elecinical
messages of the heant are displayed on EKG. See pages 331 and 332

contrachon;



Chapter 2: Recording the EKG

EKG paper (enlarged)

EKG paper (actual size)

“one millimeter (mm) sguares.

".=-'- EKG is recorded on a long strip of
paper, although some EKG machines record many
different leads simultaneously on a large sheet.

The smallest divisions are one
long and one high.

;: een the heavy black lines there are ___ small squares.
Each Lirge square is formed by heavy black lines on each side.
and each side is five mm long.

‘Note: As with a1l graphs, the time axis is horizontal and moves
left 1o right, like we read. So timed events on EKG are measured
Left to right and similarly, cardiac monitors display a time axis that
reads from left 1o right,

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

ruled (graph)

millimeter
millimeter

3
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Chapeer 6 Rhythm, Part [l

Innocuous Imitators of Intermittent Mobitz

Wunsnmwma@wm?gmmﬁ

SR B R R e

trengient Slfius Block [g-uﬁs-'r mls{qin

Since intermittent Mobitz may herald a complete AV block requiring o pacemaker, §
15 impariant that we recegnize its characteristic span of ¢lear bascline after & nofmal
Pwave. But, inrecuous conditions can also produce o span of empty baseline,

A Wenckebach series (innocuons) produces a barren span
of baseline afier the terminal, punctual P
which is not conducted (review page 180),

A non-conducted Premature Atrial Beat (innocuotis)
strikes the AV Node while it 5 still refractory, so no
stimulus is conducted 10 the (page 128}
notice the peculiar, premature P' before the bamen baseline.

A wansient Sinus Block (useally innocuous, but the patient
should be followed) can produce a pause before pacing
resumes, or an aulomaticity focus may respond to the
pause with an escape » in either case there is never
an-isolated P wave preceding the pause {review page 174).

Note: Simply stated:
» punctual P wave (no QRS response)... 2* AV block: Mobitz vs. Wenckeba
= premature P wave (no QRS response). .. non-conducted PAB
» missed P-QRS-T cyele... SA Node transiently blocked (Sinus Block)
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positive

negative
Upward deflections are ealled “positive” deflections, Downward deflections are

called “mepative” deflections.

Positive deflectionsare ___ on the EKG, wpward

ﬁé_gl_‘lti\rc deflections are on the EKG. downwird

Note: When a wave of stimulation (depolarization) advances

roward a positive skin electrode, this produces a positive (upward)
deflection on EKG. You will recall that depolarization is an advancing
wive of positive charges within the cardiac myocytes. So with
depolarization, the advancing wave of positive intracellular charges
produces & positive deflection on EKG as this wave moves toward

o positive electrode. Be positive!
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The horizontal axis represents time.

Berween the heavy black hines there are _ small squares.

The amount of ime represented by the distance between
two heavy black lines is

Each small division (measured horizontally between
two fine lines) represents

2ol second

M of a second
ithat"s four hundredihs!)
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— ——

.16 sec. .08 sec.

By measuring along the horizonial axis, we can determine the duration of any part of
o candine cyole.

ihe durmtion of any wave may be determined by

sasuring along the horizontal AXIS
Four of the small squares represents of 4 second. 16
{sixteen hundredths)

amount of EKG graph paper that passes out of the
ERG machine in .12 second is small squares, three (3)

A You don't have 1o be a mathematician to read EKG's.)



Chapter 2: Reconding the EKG

limb leads chest leads

v, (T

The stindard EKG is composid of 12 separate leads.®

A standard EKG is composed of six limb leads

recorded by using arm and leg electrodes and...

... there dre also six leads obtained by placing chest
a suction cup electrode at six different positions on the chest.

Note: Leads not considered “standard” may be monitored from varnous
locations on the body as required for special diagnostic purposes.

= Rhymes with seeds.




Chaper-2: Becording the EKG

et Amm
alecirade

@ obtuin the limb leads, clectrodes are placed on the right arm, the left arm, and the
B feg. A pair of elecwodes is used 1o record a féad.

gedecirodes on the right and left arms and the lefi leg,
= can obtan and record the leads, limb

Mote: Einthoven used these three locations for limb electrodes.
TRey remain the conventional standard for recording the EKG.

'___ placement of these is the same clectrodes
eriginally used by Willem Einthoven,

e Two electrodes are used to récord a lead. A differem
pair is used for each lead.

LT
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Bipolar Limb Leads _
— e
_:‘::. P lead I ¥

J [.

[ |
Ly

Each bipolar limb lead i= recorded using two electrodes, 50 by sefecting o different
pair of ¢lectrodes for each lead, we create three separte bipalar
limb leadﬁ'lleuq I, tead K1, and lead 1) for recording,

Each limb lead consists of a pair of electrodes,
one s positive and one is , 50 these
leads are called “bipolar™ limb leads,

Lead | s horzontal, and its Teft arm electrode is
while its right arm electrode is negative,

When we consider lead 111, the left arm electrode
i5 Now ~and the left leg electrode is

positive.

negative

Note: The engincering wonders of the EKG machine permil us o
make any skin electrode positive or negative depending on which
pair of electrodes (that i, which lead) the machine is recording,

Note: The bipotar limb lead configuration is sometimes called
“Einthoven's triangle.”



——— T -

3y pushing the three mipnlﬁﬂﬂnﬂﬂmﬂsmdmmudmfﬂm irianghe, we produce
ree intersecting lines of reference.

e triangle has & center, und each ____ may be lead
sved to that center point. '

_,...-“- , 1L, and 1 to the center of the triangle. .
e intersccting lines of are formed. refercace

though the three bipolar limb leads may be moved 1o

e ol the wiangle, they remain at the same angles center
shative 1o each other, ﬂhymmﬂﬁwmlﬂm-;.ymdmg
e spme information. )
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channeled into a common ground that has a

Chapter 2 Recording the EKG

lead AVF

Left Foot

Anotheestandard lead 35 the AVF lead, The AVE lead uses the left foot clectrode as
positive and both arm electrodes as a common ground {negative).

The AVF lead uses the left foot elecurnde as

In AVF both the night and left arm electrodes are

charge,

Note: Pr. Emanuel Goldberger, who désigned and introduced the
“Augmented” limb leads, discovered that in order to record a lead

in this manner, he had to amplify ( Augment) the Voltage in the EKG
machine 1o match the wave magnitude of leads L 11, and H1, He named
this lead: A (Augmented), V (Voltage). F (left Foot), and h¢ went on 10
prodoce two more leads using this same technigue.

Aside; Your deductive mind tells you that lead AVF is a combination
of leads 1T and T11... just what Dr, Goldberger was trying to accomplish!
Therefore lead AYF is across between (and oriented between) those
two bipolar lmb leads. Now, fet’s create two more augmented leads,
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lead AVR

e remaining two augmented limb leads, AVR and AVL, are oblained in a similar
DY,

_' the AVR: lead the Right arm electrode is positive,
e remaining two electrodes are _____ . negative

obiain the AVL lead, the Left arm electrode is made
: the other two electrodes are negative. positive

AVR — Right arm positive
AVL — Leéft am positive
AVE — Foot (left foot) positive

These augmented limb leads are sometimes called the “unipolar™ limb
s, stressing the importance of the positive electrixle.)
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Augmented Limb Leads

The angmented limb leads, AVE, AVL, and AVE. imersect ar different angles than
those produced by the hipolar limb lewds, and they produce three other intersectng
lines of relerence.

AVR, AVL. and AVF are the augmented {or “unipolar™) |
leads. Fimik

These augmented limb leads at intersect
60 degree angles. but the angles differ from those |
formed by bipolar limb leads, 1, 1 and 111

Leads AVR, AVL, and AVF intersect at angles different
from leads 1 11, and 111 In fact, leasds AVR, AVL, and AVF
split the angles formed by leads 1. 11, and 11
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Six Limb Leads of the Standard EKG

six. Mt&rﬂmﬂng
limb leads of
tI_-lg s;qndarir.f EKG

nun'lli.ined" red

All six limb leads (1, 11, 11, and AVE. AVL, and AVF) méet 1o form six intersecting
Teads that lie in a flar “frontal” plane on the patient’s chest,

The six limb lesds consist of the thrée

ipolar leads. 1, 11, 111, and three augmented
eads, - , i y AVR, AVL, and AVF

Ethn: bipolar limb leads L 11, and 111 are superimposed
Faugmented Hmb leads AVR, AVL, and AVF, we have six
spsecting leads ina flat plane on the patient’s : chest

e flat plane of the limb leads is called the plane. frontal

: Don't get bedazzled by the kaleidoscope of limb leads.
Bear with me for a few pages, and soon you will understand
their utitity, and a simplified way 10 visualize this concept,
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Six Limb Leads are at Six Different Angles

Each camera® position represents the positive electrode of o standard lmb lead.
Each limb lead (1 11, 1, AVR, AVL, and AVF) records from a ditferent angle
{viewpaoint), 1o provide a different view of the same cardiag sctivity,

Note: The hean’s electrical activity remains constant, bul the positive
clectrode position changes from lead 1o lead. Therefore the tracing
looks shightly different in each lead. as the angle from which we recornd
the clectrical activity chianges with cach lead. Remember, a wive of
depolarization s a progressive wave of POSITIVE charges passing
through the myocardial eells. So, when a depolanzation wave moves
toward a POSITIVE electrode, a POSITIVE (upward) deflection is
produced on the EKG (or monitor) for that particular lead. (A lintle
repetitious, but it is soamportant!)

The EEG records the same cardiac in activi
each lead.

The waves look different in various leads because

the heart’s electrical activity is recorded from i

different for each lead. an
(Viewpod

* 1 thies were 8 video camera, it eould record ihe information for a carlisc monior.
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is mm.cplual]y necossary for vou to wwﬂlm thie six ml;en-i:mng limb luarh.
WI‘!M'" Can you identify this.car?

: This page sure seems empy. doesn't it?

Automobile experts ure encouraged not to recognize
car for the sake of undersianding the concept,

45
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By observing the same object from six different angles; vou will obtain a great deal
of information, and in this case, perhaps even identify the car.

Note: You ¢an't see the car’s rear bumper in the photo at top left. But
with progressively different views. you can deternmine more about the
bumper (or even the driver). Similarly, i it may be difficult to see a
specific witve in a given lead, but with six dilférem lead positions,
it1s certain toshow up better in other leads.

Note: Observation from-six different angles is better than one. Thus
recording cardiae electrical activity fromsix different angles gives us
amuch greater and more accurite perspective, At this point you can
take o sip of coffee and relax. By the way, the car is a 1965 Ford
Thunderbird, but it is far more important that the concept (nol the car)
always remain in your mind,
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i “inferior” leads H* 11, I11, and AVF

L

The importance of the positive clectrode’s position is emphasized by the
convertional grouping of limb leads, A positive left anm electrode is used to record
ateral leads™ 1 and AVL, and a positive left foot electrode &5 used 1o record
inferior feads™ 11, 111 and AVF, The location of the positive electrode is the key,

i .-u Tand AVL are called the fareral leads (feft lateral
mcderstond ) because each has a — clectrode positive
pesitioned laterally on the left arm.

s 11, 111, and AVF are called the inferior leads because
sch of these leads has a positive electrode positioned
eriorly on the fefi ; foot

e So now you can detenmine if depolanzation 1s moving toward
tor even away from) the patient's left side, and the same for
Gepolarization directed inferiorly woward (or even away from) the
ett fool. The “inferior leads™ and the “lateral feads™ include 5 of the
& limb leads. These are not arbitrary designations. These terms are
common cardiology parlance and have important clinical/diagnostic

]

_‘ enificance. Know and understand them,
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Chest Leads

e

To obtain the six standard chest leads, a positive electrode (suction cup) is placed at
six different positions {one for each lead ) on the chest,

The six chest leads are recorded from six progressively
different positions around the . (5ee illustration. )

For cach of the chest leads, the suction cup l:jl:btm'!k that
is placed on the chest is considered

The chest leads are numbered from V, to V, and are
positioned in successive steps from th: ﬁaumt s right
to the left side of the chest, Notice how the chest leads
coverthe ____ nits normal anatomical position
within the chest.

‘Note: Traditionally a suction cup electrode records the chest leads,
however adhesive electrodes are now commonly used, Because the
electrode for the chest leads is always posiiive, o depolarization wave
moving toward a given chest elecirode produces a positive (upward)
deflection in that chest lead of the EKG tracing.
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Chest Leads in the Horizontal Plane

chest leads V, to Vg

general. cach of the chest leads® is onented through the AV node and projects
iu‘nugh the patient’s back, which is negative.

Mote: The plnn& of the chest leads (called the “horizontal” plane)
suts the body into 1op and bottom halves,

e electrode for cach of the chest Teads 15 always
sidered (posilive or negative), posilive

; siads V, through V, are imagined to be the spokes
2 -wli::u:l the center of the wheel is the . AV Node

Lead 'V, describes a straight line directly from the front
Hihe back of the patient. In lead V, the patient™s back
wonsidered {positive or negative). negative

| ‘[h: chest lends, also called dse “précordial™ (in front of the hear ) lehds, wene introduced
By D, Frank Wilsdn,
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Chest Leads on EKG

T R

4 Vs Vg

By examining an EKG, vou will notice that the wives-in the six chest leads show
progressive changes from V10V,

Note: When observing the chest leads from Vo Vi you will
see gradual changes in all the waves {as the position of the
positive electrode changes for each successive lead),

In the illustration the V| chest lead, the QRS complex 15
mainly {positive or negative ) normally, negative

In chest lead V, the QRS complex is usually manly
(positive or negative), Understand why, positive

Ohserving the V, chest lead, we know that the mainly positive

QRS complex is produced by ventricular depolarzation

moving the POSITIVE chest electrode of V towird
(if you're @ little unsure about this concept. take another

look at page 12},
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51

Right Chest Leads Left Chest Leads

wds W, and ¥, are oriented over the right side of the hieart, while Ve and ¥, are

siented over the left side of the heart,

sds V) and V, ane called the * " chest leads,

3 'E!'H:‘.ﬁl leads oriented over the left side of the hean
_ dand are called the “Teft” chest leads).

- ization wave moving toward the (positive) chest
= ronde in lead Vi cansesan ___ deflection on
EKG tracing of this lead. (Now you undersiand!)

right

upward
{positive)
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_one i, NN

Leads ¥y and ¥, are generally onemed over the interventriculer septuns. V., 15 nedrer
the right venricle, and V' is nearer the left ventricle,

Leads V; and V, are oriented over the area of
the interventricular ; Seplug)

Note: The interventricular septum is & common wall shared by the
right and left ventricles, so this septum separates the cavity of the
right ventricle from the cavity of the left ventricle. Thi Right and the
Left Bundle Branches course through the interventricular sepuum,
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Limb Leads

& the standard EKG tracing there are six chest leads and six limb leads. This is the

Sead clectrocardiogram.

¢ six limb leads all lie inthe ____ plane. which
e visualized on the patient’s chesL

s chest leads Tie in the horizontal plane and are

ged in progressive order from V) to A

sin chest leads are recorded using a-positive electrode,
ciing the heart in the plane.

_-pln::_cd al six specific anatomical positions on the chest,

frontal

—

53
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Modified Locations for Limb Electrodes

The six limb leads-also can be recorded by using carefully positioned clectrodes on
the trunk of the patnent. The special ¢lectrode placement {above ) used for exercise
{"stress™} 1esting, ¢an-be uséd to record each of the twelve EKG leads,

Note: An EKG recorded from a carefully positioned trunk® electrode
can record the same information (same dccuracy and same amphiude)
as an ankle or wrist electrode for a given limb lead. In this way, a
standard twelve lead EKG can be recorded using trunk elecirodes,

Cardiac monitoring in hospital rooms; as well as in the emergeney
department, surgery, recovery room, coronary care, and intensive care,
is carried oot using modified elecirode positions on the patient’s
to monitor classical limb {and other) leads. tru

Paramedics and many Emergeney Medical Technicians (EMT's)
uge trunk® for diagnostic purposes and also for elect
telemelry transmission.

Now we're ready to tackle the autonomic nervous system... OX.7

= Phveze are “trunk™ bt sot wuly “chest”” electrodes, for they oflen wse the shoulders
und abdomen sselecirode Iecations. A vareoy of moskifications ane commonly used

10y FRORMEE pratbents in various seringy and circumstances (see page 346),
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Autonomic Nervous System

ganglia

Heart

The Autonomic Nervous System (ANS) regulites vital functions of all argans by
Soth reflex and central nervons system control. but sor by conscious controf.

Sihough the ANS controls all organs and organ systems,
B main concern is autonomic control of the .
o also of the systemic arteries as they relate to blood pressure.

ote: The ANS has two divisions that sometimes seem difficult

0 comprehend, because one division may stimulate an organ, yet
mhibit another organ, However, these two divisions have well defined
woies in the heartand the systemic arteries; one division stimulates,
e one division inhubits. 1ICs that simple! One division stimulates

eell function, while the other division opposes that stimulation. Each
Evision operates like an electrical system that controls its own términal
switches called “receptors” that modulate the function of cells,

e A stimulus originating in the ANS is transmitted 1o o ganglion®
o secondary nerve cells for processing. The nerves of the ganglion
slay the stimulus to their nerve ends, each of which terminates as a
S called a bouton (bouton is French for button) that covers the
ecepiors of @ cardiac cell {or an anterial miscle cell). See next page.

S sanglion” issingukin, Tgmmpekia” s plieal,
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Autonomic Nervous System
' Parasympathetic ) Sympathetic

] . s
o il

The ANS consists of a sympathetic system and an opposing parasympathetic
system. Each of these two systenis secreies its own heyraransmistes from als
terminal boutons in onder 10 activaie specific cell receptors in the cell membrane.

The terminal cm:f,'a (boutons) of sympathelic nerves secrele
Nor-epinephrine® (N-epi), un adrenaline-like neurotransmitter
that sctivates specific receptors called adrenergic receptors, e

Note: In the heant, the sympathetic and pmsylnpnthelm nervous
systems have opposite functions, Interestingly, the pamymmﬁ‘r:u:
exercises some direct control of the sympathetic,

The terminal parasympathetic nerve ends (boutons) secrete
the neurotransimitter Acetyleholine (ACh), which exclusively
activales cell called cholinergic receptors. recepl

* Nor-cpinephrine, hyphenated for recognition purposes, will be “Nogepinephring”
from now o, Although the abbrevintion “N-epi™ is tsed here, some texis ase “NE.”
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Sympathetm Sy’stem

Beart is stimulated by the sympathetic system through its terminal boutons.
The boutons deliver N-epi to the §; (adrenergic) receptors; this activates the
creceplors.® prodiscing an eveitatory response at the cellular level,

1.

seningphring (N-epi), the neurotransmitter of the

mpathctic system, activates the hear’s B, (adrencrgic)

eptors, sumulating the SA Node o Faster. e
L8 iﬂ;ﬂ

mprovis AV Node conduction and aceelerates conduction
sagh the atnial and ventricular . mvocardivm

creases the force of myocardial : contraction

4 increases the irritability of atrial and Junctional (page 123)
ity and lﬂlﬂlmﬁil}’ affects ventricular foci. fesci

s N-epi's brother, epinephrine (“adrenaline”) is scereted into the
d by the adrenal glands. Epinephnine isan even more poieni
mulator of the heant's 3, receptors,

:_ adrenergic receptors” is often shonened to B, receptors.” butidrenergfc is undersiood,

i
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Parasympathetic System
activates cholinergic receptors
: Hﬁ'-': Eﬂﬂﬂ- I'I-BHI‘EJ
stimulates

Nata: Thera &re-two vagus Rorves,

R

S inhibits
Inhibitory Effects o JALy :

I rate of conduction

4 force of confraction

4 irritability of atrial and
Junctional foci

Parisympathatic nervies release the neuroteinsmittér acotylcholine (AChH), which
activates cardiac cholinergic regeptors (mypst are within the atria) 1o produce a canding
infiihirory effect, Conversely, the gastrointestinal mract is stimulaed by its
parasympathitic innervation.

Parasympathetic activation of cholinergic receptors by ACh:

...inhibis the SA Naode, decreasing the heant .

decreqses the speed of myocandial conduction,
and depresses the AV ; N

..diminishes the foree of myocardial ; conlrctiof

...amd depresses irritability of automaticity .
matnly those in the atnia and AV Junction.

Note: The vagus nerves are the body’s main parasympathetic pathway,
s0 “vagal” simulation means parmsympathetic stimulation, with the
understanding that vagal “stimulation™ of the heart is iphibitony.

Mote: Despite the parasympathetic system’s inhibiting effect on the
heart, parasympathetic activation of cholinergic receptors stimulates
the gastro-intestinal tract, Recalling the agony of severe vomiting or an
episode of painful, crampy diarrhea will help you remember the effect
of excessive parasympathetic stimulation of the stomach and the bowel,
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Autonomic Control of
Blood Flow and Blood Pressure

( ' Parasympathetic
nhnlhwrghmmnh:m

Eympathetlc

arteries throughout the body,

mpathetic stimulation of arterial &, (adrenergic) receptors

Sonstricts anteries throughout the body, increasing bload

pr: : ure and bloed . The ) receplors dre more responsive Mow
@ the newrotransmitier Ne-epi than to circulating epinephring.

Mot B}r pulling both ends of the Greek alphea, the center loop of
the "o constricts the artery (see atrows on the o in the illistration),
yvou will always remember alpha adremergic sympathetic effects

rgsympathetic activation of arterial (cholinergic) receptors
dates the same arteries as above, reducing blood pressure
d blood flow. Besides the direct cholinergic imhibition of the.
meries, there is alsoan indirect inhibitory parasympathetic effect
1lhe sympathetic ganglia that send nerve fibers o the vessels,

e Blood flow is-also very dependent on the heart rate:
sympathetic stimulation increases the SA Node pacing rate;
chile the parisympathetic decreases it. Autonomic control

o the heant rate and systemic blood pressure involves delicate
seculation of the parasympathetic-sympathetic balince o
aintaim circulatory homeostasis (the ideal status quo).

ek



)

Chapter 30 Autonomig Nervous Syvadom
Merciful Syncope

FPRmEIEa " Slows $A Nods pacing

severs pain loss of consclousness:
Sty “syncope”
dttessysamic artris

Severe pain andfor sewing one's own blood may induce o reflex parasvmpathetic
response thal casses syncope® (loss of consciousiess),

Severe pain and/or seeing one’s own blood often initiates
reflex parasympathetic activity that slows 5A Node
pacing. known as -gardia, bra

The samie reflex parasympathetic response dilates systemic
anenes causing hypotension, as the blood talls. pressurne

Note: A devasimting injury, which causes excruciating painfawireness
ol bleeding, can mduce a parasympathetic response that deamatically
lowers the blood pressure and stows the heart. This merciful reflex
effectively reduces the brain's blood supply to the point of syncope.

Asidé: Perhaps you have encountered (oversensitive ) patients who
lose Consciotsaess upon sécing their own blood drawn for lab tésts,
or if they experience minimal pain, Be compassionate: their body is
only responding 1o a normal parasympathetic reflex.

* This and eaher types of vagally medimed syngope ane sometimds
called “vaso-vagal syncope.” Syncope is pronoanged “SINK-oh.pee.”
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Vagal Maneuvers

o By Csupraveniricutar
| tachycardia
I coimnarts bor
“sinus rhythm

diagnostic aid
* with 2:1 AV block
lode | « with atrial futter

srdiovascular sensors provide (“afferent”) input for parasympathetic reflexes that
sounterbalance sympathetic effects. Vagal maneuvers may be employed 1w produce
" areflex parasympathetic response lor both diagnostc and therapeuic purposes.

sestrointestinal stimulation (e.g., pag reflex) may be

mploved to produce a parasympathetic response
grotid sinus massage may be used incarefully selected
ghents® 1o pridluce o TESPORSE. parasympathetic

Bote: An induced parasympathetic response may be used
Serapeutically to depress an irritable focus in the atris or
AN Junction. An induced parisympathetic response may be
Saenostically employed 1o tansiently slow AV Node conduction,
w 1o make the AV Node more refractory 1o depolarization

see pages 160 and 183).

Eeludicious wie of caroth] sinus missage in some pitients can diskdge a piece of

wheromatous plague, sending plague emboli 1o the brain (careful'), Usé discretion

when employing diagnostic procedures th can cawse iatrogenie stroke, which can
sible a patient and incite a feeding frenzy of lvwyers,
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‘Sympathetic Response to Standing ]

-Eﬁ'ﬂndu_- compensatory
stimulation vasoconstriction

o -EinEs pacing

Itseems as though standing would allow blood 10 gravitate into the lower extremities.
However, standing produces a compensitory svaratlietic response that constricls
peripheral arteries to prevent distal blood pooling, and stimulates sinus pacing,

Note: The body has “pressure” receptors® that detect low Blood
pressure, particularly with standing. These pressure receplors initiate a
sympathetic reflex that constricts peripheral aneries and increases the
heart rate slightly, thereby conserving blood flow 1o the brain.

Impaired function of this normal sympathetic response o
standing can diminish blood flow 1o the brain, causing : syncope

Orthostatic hypotension is an abrupt fall in blood
pressure caused by failurg of these compensatory |
sympathetic mechanisms upon . standi

* Carcfull These “receptors” are cardiovascolar sesors; called beroreeeplors,
thist the body tses to detect changes in blood pressure. Please don’t confiise
them with the cell membrane receptors that are activated by Noepi or ACh,
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Heurn-u&rdrug&nic Eynmpe

= ng prodisces a sympathetic vasoconsiniction response to maintain adeqguite
seulation, This compensatory mechanism may fail with prolonged standing in
E¥tuiin elderly patients, mggenng a paradovical parasympathetic respenise causing

0T

Pm:!ing of blood in the lower extremities from prolonged

_" ding 1s normally compensated by a reflex &ymmlhu.u: Inrease in
hlnﬂ:i pressure and heart rate. However, in some elderly patients,
s pacing accelerates, but peripheral vasoconstrichion is inadequate.
ﬂm partially filled ventricles contract rigorously, stimulating

=S mp&thehc mrrbnnﬂrﬂ‘t'pmm in the left ventricle. This initiates-
.'i-u irable parasympathetic reflex that slows SA Nm:l:: pacing and
' = blood pressure; so blood flow 1o the briin is reduced, causing.

weope. This is nenro-cardiogenic syncope.

w-cardiogeme syncope, a (paradoxical) parasympathetic
gowse (0 prolonged standing, causes vasodilation and

ang of the pulse, resulting in a loss of . CORSCIOusness

e controlled circomstances, a Héad Up Tilt ("HUT™) test
ms the diagnosis of neuro-cardiogenic ; Syncope

03
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Knowing basic cardiac principles and understanding the sutonomic nervous system
ensures mastery these five general areas of routine EKG inerpretation,

Proper interpretition of an requires consideration of
Rate, Rhythm, Axis, Hypertrophy, and Infarction. They are
all equally important.

Mote: Take o moment and éxamine page 334 to observe the
simple methodology that will become your routine.

Before vou begin each chapter, preview its summary (pages 335 1o 346).
Then, as you progress through the chapter, little “aha’s" of recognition
will flash in your brain, and you will appreciate how each concept is
carcfully woven into this simplificd methodology. Your understanding
evolves rapidly; this is the foundation of your permanent knowledge.

Ready? Ler’s go!



Chapter 4: Rate -

' Before you begin, look at this chapter's summary on pages 334 and 335.
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e
ben reading an EKG, you should first consider the rite,

& The sign in this picture is not informing the driver® about the

mate of his race car. The man holding the sign is a physician who has
een monitoring the driver’s transmitted EKG. The sign is telling the
Siver about his current heart rate (he's a linle excited). '

sen examining an EKG. you should determine _
L first, Tale

rate 15 read as cycles per . minule
v let's examiine where and how the normal heart rate originates. ..

itk o miend dedication o Billy Oocam, dectased loag oo, who msde simplicity

pwartoe of science.

]
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Sinus Rhythm

' SA Node

"Sinus Mode™

Normal
60 -1 nu)"min.

The §A Node (Sinus Node), the hearts pacemaker and the dominant center of
automaticity, generates a Sinus Rhythm, The SA Node paces the heant in the normal
rate range of 60 o 100 per minute,

The heart’s normal pacemaker, the . generates SA N
a continuous series of regular, pacemiking stimuli
(this is its “automaticity”).

The SA Node is located within the upper-posterior wall of _
the right . The SA Node emits a regular series of aLriy
pacemaking (depolarization) stimuli,

Naote: The Sinus Node (SA Node) is the heart™s dominant center
of automaticity, and the normal, regular chythm that it generates
is called the Sinus Rhythm,

At reit, the Sinos Rhythm maintains o rate of 60

10 beats per minute; which 15 the normal range
of the pa pacing rate,
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Sinus Bradycardia

Sinus Rhythm
rate less than 60y,

e Einus Nndr.', {SA Nud::l paces the heart at a rate slower than 60 per minute,

 “Brady” = slow; “cardia” = heart.

 orjginating in the hesirt™s normal pacemiker, the
. with a rate slower than 60 per minute is called
. Bradycardia

e Sinus Bradyeardia most often results from parasympathetic
wess. as we see in conditioned athletes an rest: Sometimes an

: el:,r slow heart rate may reduce blood flow to the brain
wsing loss of consciousness (syneope). See pages 60 and 63,

3= Bradycardia Is present if the SA Node produces |
art rate of less than one beat per _ e . second
(careful!)



%
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Sinus Tachycardia

- Nty Sinus Rhythm
s rate more than 100,

If the Sinus Node (SA Node) paces the heart oo rate greater than 100 per minute,
thix 1% Sinus Tachycardia.

MNote: “Tachy” = fast; “cardia” = heant.

A rhythmeoriginating in the SA Node (Sinus Node)
15 called Sinus Tachyeardia if the rate 15 greater
than per minule,

Exercise pridduces sympathetic stimulanon of the SA Node;
this is the most common cause of Sinus ; Tachye

Mote: There are focal areas of sutomaticity in the heart known as
automaticity foci. * They are potential pacemakers that are capable
of pacing in emergency situations, Under normial gircumstances,
these foct are electrically silent (that’s why they are refermed 1o as
“potential” pacemakers).

* “Auwomenticify foc refers o more than one- “mtamaticiry focus”™; in fact, when the wond
“foei” is used alone, “autrenaticiry focd™ is understood. Foci i3 pronounced “FOE-sigh.”




Automaticity Foci
{Potential Pacemakers)

| somatimes called “ectopic” foci

mutl 5A Node pacemaking fails, other potential pacemakers known as
smaricity foct (alse called “ectopic™ fociy have the ability to pace (at their
jerent cate), They are i the atrea, the ventricles; and the AV Junetion.

|
B SA Nide ceases 1o function, one of the potential pacemakers,
g s dn automaticiny focus, will assame pacemaking activity
erenl tonly one focus assumes pacing responsibility ), rile

_ "-.3_, have automaticity of pqi_enl.inl pacemakers gt
et within the atrial conduction system (see page 101),
gev are called arrial auniomaricity foci,

The proximal end of the AV Node has no automatieity focl,
kever the middle and distal regions of the AY Node.an area

s s the AV Junction does have automaticity Toct thay are

el Junctical awtomaticiry fort,

s fibers have automaticity foci, so there are foci of

Epotential in the His Bundle and in pacemikers
wmdle Branches and their subdivisions: these foci

sted ventricular autemaricity focl,
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Automaticity Foci

Lavel Inhernnt Rate Range

AV Junction 40 - 60/,

Ventricles 20 - 40/n.

Pacing Rates
of Automaticity Focl
W+ e o s

The auomancity focr of each “level” (the atria, the AV Junction, aml the ventricles
are each i “level”) have a general range of pacemaking rate. Although all foci of a
given level pace within o general rte range, ¢ich individual anomaticity focus has
its own precise inferent rafe at which it paces.

Each automaticity focus of the atria has 3 specific inherent rate
at which it paces, but its inherent rate falls within the general
rangeof _ to B per minuie.

The automaticity foci of the AV Junction all pace in the range of
1o 60 per minute, but any single Junctional focus paces at its
individual inherent rate.

Ventricular automaticity foct all pace in the ___ 040 per minute
range, but any specitic ventricular focus has a distinet inherent
rate of pacing.




Chapter [t Basig Principles i)

A cardiae cvele is represented by the P wave, the QRS complex. the T wiive,
and the baseline that follows until another P wave appears. This eyele is repeated
continuously. Please study the illustration to make cenviin that you undeérstand every

EVERE I scguence,

Note: Physiologically, a cardiac cvele represents atrial systole (atrial
contraction), followed by ventricular systole (ventricular contraction),
~ angd the resting stage that follows until another cycle begins,

Atrial depolarization (and contraction) is represented
by the ___ wave, P

Ventriculir depolarization (and contraction) is represented
by the complex. QRS

Note: In reality, atrial contraction lasts longer than the P wave, and
ventricular contraction lasts longer than the QRS complex, but you
already knew that.
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SA Node overdrive-suppresses all foci
‘(since all foci have a slower inherent pacing rate)

g
o

—@ﬂtﬁ'ﬂ_lﬁﬁ  (Inherert rate 60 - 80 par min.)

:

a

5 F

'g [{:Jum:ltnnal foci (innerest rate 40 - 60 per min.)

@

,\._\!nnlril.‘.l'lli'lr foci (inherent rate 20 - 40 per min.}

— autamaticity (pacemaking activity ) suppresses slower awtonyaticiiy
pecemaking activity) — this is overdrive suppression, a very important fundamental
gctenistic of alk autommticity coenters.

e Overdrive suppression is characteristic of all centers of

omaticity (including the SA Node and all automaticity foci),

snply stated: any automaticity center will overdrive-suppress®
O that have a slower inherent pacemaking rate.

‘S A Node overdrive-suppresses the (slower)
ent pacemaking activity of all the automaticity
_ below it; this provides the SA Node with the luxury foci
o having 1o compete with slower pacemaking
by of lower automaticity foci.

1, once an automaticity Tocus actively begins pacing,
N overdrive- all lower (slower) foci, SUPPress
ping slower foci a the same level. ..

smnating any competition. Well Designed!

et used as'a verh, “overdnvessuppress” ishyphenated. . 5o savs the paiblisher,
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Overdrive Suppression
provides emergency backup pacing
at 3 separate levels

Emergency Failsafe Pacing Mechanism

ﬂ .i_i'lﬂ;g: focus assumes pacing responsibility,

ﬂ Junctional focus assumes pacing responsibility.
3

ﬁ 'Jﬁitrﬁulﬁ'i' focus assumes pacing respansibllity.

Overdrive suppression is the héart’s failsafe pacing mechanism, providing three
separate levels of backup pacing, by utilizing automaticity foci in the atnia, the
venincles, and the AV Junction,

Note: An automaticily focus actively pacing al its inherent rate,
overdrve-suppresses all slower foci including slower foct at its
own level.

Should normaul SA Node pacing fall (picemaker failure). a backup
pacemaker (L.e., an automaticity focus from a lower level) — no longer
overdrive-suppressed - will emerge o pace at its inherent rate;

and it conveniently overdrive-suppresses potential pacemaking
activity at all levels that are it

Therefore. an automaticity focus only emerges to funciion as a
pacemaker when it 15 no longer ~suppressed.,
For instance, in SA Node failure. ..

-cafocus from a lower level — no longer overdnve-suppressed

by tegular pacing stmuli from above - can emerge (o pace.
Very well Designed!

Let's do that once again, slowly,
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Atrial Automaticity Focus
(potential pacemaker)

inherent rate
60 - Erl:'.i"rﬂln.

She aria have awtomaticity too of potential pacemakers, any one of which can
ssume fclive pacemaking responsibility in its mberent rte range of about
W £ B0 per minite, i§ normal pacemaking fails:

A Node pacing fails, an atrial automaticity focus can

me the active pacemaking responsibility inis mherent

B sange of about 60 10 ___ per minute (close to the 80
 Miade’s normal cate).

¢ 5A Node fails, an atrial automaticity focus
1 the atrial conduction system) may then

me active pacing responsibility to become the

man pacemaker, (The last sentence on this page

5 “dominant” pacemaker., )

Sout SA Node pacing. an atrial automaticity focus
Berge as an active backup pacemaker, and it becomes
! pacemaker by overdnve-suppressing all lower

o focl, since they have slower rates. mherent



T
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(AV) Junctional Automaticity Focus
(potential pacemaker)

[ proximal end

of AV Naode

(ro-foci)
[

-

inherent rate
4“ - E'I:'.\"n‘dr'l.

The AV Junction has sutomaticity loci {potential pacemakesh, one of which will
emerge to actively pace in its inberent rate range of 40 to 60 per minute if there is
an ghsenee of regular pacing stimuli progressing down from the atri,

Mote: The AV Junction is that portion of the AV Node that has Toci of
sutomaticity. The proximal end of the AV node has no foci. The AV
Junction has foct of automaticity called “Juncrional foci”

An automaticity focus in the AV Junction begins aclive backup pacing

only in the absence of pacing stimuli coming down from the atria. Then.

no Jonger overdrive-suppressed, it emerges to actively pace in its inherent
range of 40 to 60 per minute, and it overdrive-suppresses all

lower (slower) automaticity foci, becoming the dominant pacemaker,

A Junetional focus actively pacing at its inherent rite
( __ to 60 per minute range), produces an idio-functional® thythm,

MNote: A Junctions] focus (that i5, an-automstiony Tocus in the
AV Junction) emerges as the active paceniaker if it is no longer
overdrive-suppressed by regular pacing stimuli from above.
This can oceur if the SA Node and all anal foci fail, But wai —
something else can prevent a Junctional focus from being
depolarized by regular pacing stimuli from above. Next page!

" The prefis “rlio” is of Greek origin, and il means “one’s dwn.”
Idinjunctiongl-is wsuslly net hyphonatesd,
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(AV) Junctional Automaticity Focus
(potential pacemaker)

inherent rate
40 - Eﬂf".,m

AV Node

-HH.'I'E i% o complete conduction block in the AV Node gbove the AV Junction, then
o regilar paced depolarzation stimuli from above reach the awtomaticity foci in the
Junction.

Se: You will recall that the AV Node is the only conduction link
setween the atria and the ventricular conduction system below.

i u complete conduction block in the AV Node above

=; glow, receives no pacing stimuli from above. ..

o, 1o longer overdrive-suppressed, the Junctional focus

s 1o become the active pacemaker for the ventricles.

that Junctional focus paces the ventrigles at its inherent rate

- per minute while overdrive-suppressing lower, 40 - 60
% }\.enlm:ul.:r foct,

e 1t is possible tor the AV Junction (together with all its
somaticity foci) to suffer a complete block. In that instance, only an
gomaticity focus in the Purkinje fibers of the ventricles can come to
fpescue 1o pace the ventricles. Let's see how. .,

AN lunction, an automaticity in the AY Junction focus.

D



h
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Ventricular Automaticity Focus
(potential pacemaker)

inherent rate
20 - 4ufmlir|.

The ventricles have automaticity foci {potentinl pecemiakers), any one of which will
iassume pacing in its inherent rate range of 20 to 40 per minute, if the usual overdnve
suppression (due 1o regular pacing stimuli from above) is absent.

Note: Venrricular automaticity foei are composed of specialized
Purkinje fibers, These pacemaking foci are in the His Bundle, the
Bundle Branches, and all their subdivisions, since they are all
composed of Purkinje fibers.

Without overdrive suppression from above, a veniricular
automaticity focus emerges o actively pace in its inherent mie range
of ___ 1o 40 per minute; this is an fdio-venrricnlar® rhythm.

Note: A ventricular focus emerges as the active ventricular pacemaker only
if it is no longer overdrive-suppressed by regular, paced stimuli lrom above:
This occurs:
= if all ppcemaking centers above it have failed.
==
* if there is @ complete block of conduction below the AV Node (including
the AV Junction) that prevents any pacing stimulus above it (e, from the
SA Node, an atrial focus, or a Junctional focus) from reaching the ventricles

* Hypheniied bere for gase of recogaltion, iftoveniricnlar shoald pgd be by phenmed
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. OVERDRIVE SUPPRESSION
rovides emergency backup pacing at 3 separate levels

— ! Emergency Fallsafe Pacing Mechanism ——
(gamoda
I

F‘-—uh A‘I:’IEI focus asswEmes pacing rspansbility,

L

Cff Junctional focus assumes pacing responsibibty,

aw

EFM.,.
Ventricular focus assumes pacing responsibiiity

Range of Inherenl Pacing Rates of Automalicily Focl
& o o P
| Atrial |  Junctional | Ventrlcular |

il 5A Node pacing fails, an automaticity focus in the atria, or the AV
areven the ventrickes (i that order) is-available o assume the pacemaking
sebility at its own inherent rate: This provides three levels of backup pacing,

& Node should cease pacing, an atrial automaticity focus
B8 i its inherent rate range of 60 w 30 per minute; failing
ehup pacing by a Junctional focus will assume the active
_responsibility in its (slightly slower) inherent rate range pacing
B per minute.

acles can be paced by a ventricular automaticity focus

' rate range of 20 w40 per minute, if the focus inherent
arly depolarized by paced stimuli. The lack of properly

ali to the ventricular focus can be due to failure of all

Sty centers above, or due to an intervening complete

& block that prevents pacing stimuli {from above)

Sucting to the ventricles; What a miracle of Nature!

B 2 physiological or pathological emergency, an imitable
ety focus may suddenly discharge at a rapid rate. This
Bew rate (150 to 250 per minute) is approximately the
e of all levels.

v something real easy...

TT
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3 mm high - |

baseline |

2 mm deep -«

The herght and depth of a wave are measured vertically from the baseling in
millimeters, and this vertical amplitude represents a measure of voltage

The height or depth of waves is measured from the

baseline in millimeters and is a measure of vollage

Note: The deflection of a wave is the direction in which it records on
EKG; for instance, the “upward defllection™ or “downward deflection™
of a wave. However, the amplitude of & wave is the magnitede

{in millimeters) of upward deéflection or downward deflection. The
height or depth of & wave {i.c., s amplitude ) 15 a measure of voliage:

The first wave in the ilustration has an upward _
deflection of 3 mm in : amplitudy

Note: The elevation or depression of ségments of baselineg is also
measured vertically in millimeters, just as we measure waves.

* Ten millimeters veriically represents one millivalt tmVy, however, in practice, one usually
speaks of “mllimetens™ of height or depth (wavesy ind the same for elevation or depresiion
of baseling sepments,
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Chur main-objective is o mpidly determing the heart e,

After finishing this chapter vou will be able to
determine the rapidly.

No special devices, calculators; rulers, or awkward
mathematical computations are needed in order 1o
the rate.

Note: In emergency situations, you probably will not be able
to find, much less use a calenlator; and you may not have the
presence of mind (or the time) 1o do mathematical caleulations.

Observation alone can give us the
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tlate tate, you should first look at the ___ waves.

Sind one that peaks on a heavy black line,
2 will call it the * " line.

Find an R wave that peaks on a heavy black line (our “stan™ line),

“shart

9
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Neat: Count off 300, 150, 1007 for the three thick lines that foltows the siart line,
naming each line as shown: Memorize these numbges.

An R wave peaks ona heavy black start line..,

...the pext heavy bleck line is named

"o followed by

“rand * " for the next two heavy black lines: 1500

Note: The line that the R wave peaks upon is the start line;
we only name the heavy lines that follow the start line.

The three lines following the start line (where the R wave
Fallsyare named * 5 . " I succession, 300, 150,
(Say them out loud!) '

Again!
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N
‘.hh_ I'-I?:EII Iiﬁln‘ll “5:“"

soef=aaf

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

‘mext three lines after “300. 150, 100" are
ped 60, 50.” 75

ember the next three lines together as:
| : ¥, 75, 640, 50
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*300-150-1007

Mow: Memorize these triplets until they anrsecond natiure. Make certain that you ¢

sety the triplers without using the picture.

These triplets, “300, 150, 100" and "75, 60, 50"
miust be .

Be able to name the lines that follow the start line on which
an B wave s it is easy o remember them os
triplets, and so easy 1o use immediately, (Can hardly wait!)

Po not count those lines thar follow the start line -

pame them with the s you 2o,
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“300, 150, 100" “75, 60, 50"

the next B wave falls, determines the eate. It's that simple.

an R wave peaked upon a heavy black (stan) line,
wk for the R wave,

the next B wave falls gives the: -
1% no need for mathematical computations,

pext R wave falls on 75"
e is 75 per

: You may have noticed that the illustration shows the
| rate range of 75 o LKL

neExt

minute

83
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By knowing the triplets “300, 150, 1007 then “75, 60, 507 you can merely ook at-an
EKG and tell the approximate rate immediately.

The triplets dre: first™ % X R 3003, 150,

then * _ , 75, 60, 8

By simply naming the lines following the start line,
you can identify the rate immediately using the
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Practice Tracing
'1 i
| Jiicl |
LY 4 [ h ¥

5 N EI'-'ZG tracing from a resting patient, whose heart rate 15 slower than the
| rute one would see with a Sinus Rhythm, Let's examine the rate,

st in theabove tracing is.about per minute. ]

 were told that this rhythm probably originated in an
T '_ city focus, by the rate alone, you would suapm:l the
pacemaker) to be in the AV Junction

& This is indeed & rhythm onginating in the AV Junction, and

s why you don’t see P waves, This elderly woman has.a very

tsed heart, Her SA Node fasled, then all the arial automaticity foci
s Fortunately, a Junctional focus came to the rescue, This natural
a2 backup system is wonderfully effective.
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By

You do not need 1o depend on mathematical computations:in order to-calculate t
rite, Observation alose will do !

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

-

There is no need 1o depend on annoying math or
caleulators (where did [ put that dam thing?)
in order to determine the

Note: You will alwiys have vour brain with you (at feast until that time
when brain transplants would provide you with someone else’s brain},
Just remember to name the lines that follow the start line using the
triplets, and say: “300, 150, 100 then “75, 60, 50."

Enough, enough. .. let’s try it!
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TR

P
=
b

e

- f
=

it

jex’s determine the approximate sates of these EKG tracings,

As vou may have discovered for yourself, any prominent wave
" S wave in example B.) can be used to determine the rate.

100

150 or so

75

57
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The distance between the
heavy black lines represents 1/300 min.

So two 1/300 min. units = 2/300 min. = 1/150 min,
(or 150/min. rate)

and three 1/300 units = 3/300 = 1/100 min.
(or 100/min. rate)

There s logreal explaniation for the seemingly unusual rate determinations using
the inplets.

Note: The unit of tme {duration} between two heavy black lines
152 sec., which is 1/3hth of a minute.

The number of time units between five consecutive
heavy black lines is .

So this represents 4/300 minute or a rate
ol per minute,

Therefore if o heart contracts 75 times per minuie, there
will be a span equal to the distance between five heavy
black lines between the complexes.

MNote; Reasonable instructors should not require students to master this
page, Asauthor, [ have not personally memorized the wext material on
this boring page. Let's keep it simple and practical.
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300 150 100 75 60

250 136 94 7

ki s & E5

187 o7 ™ 82

e fing hne divisions can provide more precise rate determination. Memorizing
s 75 impractical, so when determining fast rates, most of us use a reference like
oo provided in the Personal Quick Reference Sheets (page 3335),

e 1t is admittedly a great task to memorize the fine line
sdivisions, so you can use page 335 as a personal reference
Sen vou need it Determining the rate range using the triplets
more than adequate In most Cases;

Soke: For rates less than sixty per minute, see the next few pages
b 4 simple way to determine rate when you see a bradycardia,
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Bradycardia
(slow rates)

For very slow rhythms, there isan casy method for quickly determiming the rate.

The proper term for slow heart rate is

Note: The triplets give us a very farge range of rates, By using
the triplets 300, 150, 1007 then *75, &0, 507 you can deternine
rites ranging from 300 to S0, Bradyeardia means a rate slower
than 60 per minute.

For bradycardia you can use another casy method
1 determine the . I'll show you on the next page. ..
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“3 second” marks

3 8 & &

O the top margin of every EKG sirip, there are-small marks that ideniify the
second” intervals.

sre are small marks above the graph portion of
g tracing, Find a strip of EKG tracing EKG
B examine it.

woof these marks enclose @ three second 2 interval

He: Some EKG paper has “3 sécond intervals” that are
marked with a dot, circle, triangle, or a vertical line.

Ben an EKG machine is running, the span of paper
sween two of these 3 secomd interval™ marks
beces under the stylus needle in ; 3 seconds
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6 second strip

3 second 3 second
intanral interval

i f

[ "'. K EifX » "'. I' 53 :l"'c..
__,..r---—--lu'I 'u.__'_d__._.-——'—ill _“-—-___._.—-‘.'I '\-\.—-n..___..—-ll|I I""-—..__.——‘l'II “‘—"‘——u__.--’ll-

Taking two of the three second intervals, we bave a 6 second sirip,

Note: A three second interval is obviously the distance
berween two consecutive 3 second interval marks.

Taking two ol the three second intervals givesus
i b second

This 6 second strip represents the amount of paper used
by the machine in six seconds (one- of o minute),
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[ [ I ]

w_/’
6 second strip

nt the number of complete (R wave w0 R wavereyeles in this 6 second sinp.
ith miarked bradycardia, there will be few cycles per 6 second strip.

ength of a cardiac can be measured eyvele
L specific wave until the wave is repeated again,

wave o wave gives us the durition (length) 34
s cardiac cycle.

strip

the number of cycles in the 6 second
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6 seconds
X 10

60 seconds (1 minute)

So:
cyclesg cee. strip x 10...

gives the rate (cycfasfmin]

Find the rate by muliplying the number of cycles in the six sécond strip by 1én ( i

Ten of the 6 second strips equals one (time)
of EKG tracing.

The number of cycles per minute is the

S0 cycles per 6 second strip muliplicd by
cquals the rate. Simple!
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1 2 3 4

N N

the rate is 40

_.,-if there are 4 cycles per six sec. strip...

s just place o zero on the nght of the number of cycles per six second sirip,

B have the rate.

_. ow heart rates (bradyeardia), you shoulkd
& & six second

_ lbe number of in this sIripy,

uply by ___ to get the rate.

Multiplying by ten may be done by placing a zero on the

s (per six second strip) gives a rate of 50,

g2 of the number of cycles per six second stiip. For instante.

strip

eveles

iy
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#1

Let's determine the approximate rates of these EKG s

Rates: No. L. per minute
No. 2. per minute
No. 3. per minute

Note! The general, average rates of irregular thythms are
usually determined using this method.

Why don’t vou obtiin some EKG tracings and amaze vourself
(and your friends) at how easily you can determine the rate.

Note: Take a minute to review the illustrations in this chapter, then
turn to the Personal Quick Reference Sheets at the end of this book
for a simplified summary of determining rate (page 335).
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au begin, look at this chapter's summary on pages 334 and 336-338.

sphvsiology of the hean,

sthmia” literally means without . however
sed 1o denote any abnormal rhythm. The term
sthmin” (bad rhythm) has the same meaning,

w0 15 commonly used in medical literature.

=RG records the heant™s electrical phenomena that

ot be seen, felt, or heard on physical examination,
£ ERG 15 a very peourate means of recording
disturbances.

¢ To understand the arrhythmias, you must first become familiar
% the normal electrophysiology of the heart, including the normal
uction pathways.

ERG provides the most sccurate means of identilying a cardiac arrhythmia
al rhythim}), which can be diagiosed casidy. once wo understaid the

rhythm

rhythm

a7
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Sinus Rhythm

SA Node
“Sinus Noda™

Normal
60 -1 II:":la“‘n'nil:t.

N

The SA Node generatés a regular® Sinus Rhythm that paces the heart. Each
pacemaker impulse from the SA Node (Sinus Node spreads through both atria:
an advancing wave of depolarization,

It is the apomaticity of the Stnus Node (5A Node)
that genenites the rezular® cadence of depolanzation
stimuli for pace- activity.

Normally, the SA Node discharges regular pacing
impulses (60 1o 100 per minute) that depolarize the

Note: We know that the SA (“Sino-Atnial’") Node is the same as the
Sinus Node, so we understand that the terms “Sinus” and “Sino™ imply
SA Node origin,

* The term “regular” indicatés o chiyvthm of constant rte. See néxt page...
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Normal (Regular) Rhythm

equal distances between
identical waves

: : there 15 a consistent distance {(duration) between similar waves dunng a
regular ciardiac thythm, becawse the SA Node's autbmaticity precisely
a constant cyche duration between the pacing impulses that it gencrates.

All antomaticity focd pace with a regular rhythim,
& a characteristic of all automaticity centers.

Node generates pacing impulses at a constant,
12 rate. producing cycles of equal length, 5o the rhythm

urt is said 1o be . This characteristic rezular
o regularity is typical of SA Node pacing.®

¢ the sequence of depolarization is the same
sating cycle, there is a predictable regularity
star {named) waves. Therefore, irregularities
are easy for you 1o spot on EKG. rhythm

e can visually scan an EKG and appreciate the repetitive
aty-of a regular rhythm. But breaks in that continuity, suchas a
e presence of too-early (premature) beats, or sudden, dramatic
e, immediately catch our atention, warning us of a thythm
i,

. & Normal Sinus Rhythm vares impercepribly with respination,



10K}

MNote: Sinus Arrhythmia is a normal, but extremely minimal, increase

Smus Arrhythmia represents normal, minimal variations
in the SA Node's pacing rate in association with the
phases of ; FEspr
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Sinus “Arrhythmia”

SA Node’s pacing rate
normally varies with respiration
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A normal physiologeeal mechanism, Sinus Arrhythmia, sounds pathological
{“arrhythmia”™ = abnormal thythim), but it functions inall humans at all tmes.
The autonomic nervous system causes barely detectable rle changes in Sinus
pacing that relate to the phiuses of respiration. This is not & lrue arrhythima,

in heart rate during inspiration, and an extremely minimal decrease in
heart rate during expiration,

MNote: The shight increase in the heart rate is due to inspiration-activated
nm;m:.&ﬂif stimulation of the SA Node. The slight decrease in pacing
rate is due-to expiration-activated Par.u_kuparhrm, inhibition of the A
Nade. Perhaps you knew that already. since Sinus pacing is regulated
both divisions of the Autonomic Nervous System.

Note: This variability of Sinos Rhythm is nonmal. In fact, if the hean
rate variability is reduced, this is pathological and is a viluable
mdicator of increased mortality, particularly after infarction.
Parameters of “Heant Rate Variability” are being established for
determining patient prognosis in many types of heant disease,
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Atrial Conduction System

il conduction system consists of three specialized wfernodal tracty in the
r_'- i (the Arferdor, the Middle, and the Posterior), and one conduction mrac

s Berc i s Bunadle that innervates the el atriu.

eonduction pathways in the nght atriwm course from

W4 Node to the AV Node (thus the term “Intemaodal”),

are the Anterior, the Middle, and the Postenior
._'| Tracts.

: nn’s Bundle originates in the SA Node and distributes
gization to the lefi 1 atrium

sarization passing rapidly through the atrial conduction
1 does not recond on EKG; however, depoliarization of the
myovardiom produces 2 wave on EKG. P

e Just as ventricular automaticity foci are within the venimeular
e fbers, similarly, atrial avtomaticity foci are within the
scialized atrial conduction system, Because there is & concentration
merging atrial conduction tracts in the immediate region of the
H-:-:Ie near the ceronary sinns, * considerable automaticity activily
ttes in that arca

-_ 2 heart’s own venous drainage (e, from the myocardium) empties into the right atrium
ihe cormnnTy Sinns:
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atrial contraction

o
el Tt
Ay 5 e

P wave

AV Node
depolarization

slows
down

When the depolirization stimulus { passing down from the ateia) resches the AV
Node. the stimulis 5160w s in the AY Node, producing o panse on EKG.

Atrial depolarization eventually reaches the AY Node,
but conduction of depolanzation shows within the
AV Nuode, recording a on EKG,

This pavse (during which blood from the atria passes into the
ventrcles) is represented by the horizontal piece of baseline
between the P wave and the complex.

Note: The AV Nexde 15 named for its position between the Atria and
the Ventrickes (thus “AV™). The proximal end of the AV Node has no
automaticity foci. However, the remainder of the AV Node, an area
known as the AV Junction, does have automaticity foci. These foci
are essential for backup pacing should there be a total failare of all
pacemaking activity from above (SA Node as well as atnal foci), of
(this is important) if a complete conduction block of the proximal end
of the AV Node occurs, preventing all (SA Node or atrial foci) pacing
stimuli from being conducted to the venincles.
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QRS

jer passing (s 1o w | y) through the AV Node. depolarization proceeds mpidly
mough the His Bundle, Bundle Branches and their subdivisions, and through the

minail Purkinie (aments o distribute depolanization o the ventricles. Ventricular
Epclanization produces a QRS complex on EKG.

The His Bundle and the Bundle Branches are “bundles” of
swpidly conducting Purkinje fibers. Depolarization pu,siing through
B Purkinje fibers of the ventricular conduction system is 1oo weak
mmrd on EKG: this is a form of “concealed” conduction,

e creeping through the AV Node, depolarization
s zears and rages through the His cand... Bundle

through the Right and Left Bundle Branches and their
divisions to rapidly transmit depolarization via the
_'nal Purkinje filamenis 1o the endocardinl surtace
myocardium. ventricular

tRen the ventricular myocardium depolarizes,
1 ; complex on EKG. QRS

pte: The Purkinje fibers of the ventricular conduction systém contain
atomaticity foci (you knew that already ).
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" terminal H!am-nt:._“
of the Purkinje fibars

QT interval

The Purkinje fibers of the veitricular conduction system rapdly conduct

depolarization away from the AY Node to the endocardial surface of the ven

when the ventricles depalarize, it produces a QRS complex on EKG.

Note: Ventricular depolarization begins midway down the
interventricular septum, where the Left Bundle Branch produces
fire terminal filaments. The Right Bundle Branch does not produce
terminal filaments in the septum. So left-to-right depolarization of
the septum oceurs immediately before the rest of the ventricular
myocardium depolarizes. (Examing the illustration. )

Ventricular depolarization initiates ventricular contraction,
which persists (through both phases of repolarization) to
the end of the __ wave.

Vemricualar contraction begins and ends dunng the ___ interval,

Note: Repolarization of the Purkinge fibers takes longer than
ventricular repolarization. That is, the end of the T wave marks the
end of ventricular repolarization; however, repolanization of the
Purkinje fibers terminates a littke later — beyond the end of the

T wave, The final phase of Purkinge repolarization may record

a small hump, the U wave (following the T wave), on EKG.
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] EA Node overdrive-suppresses all foci

AK.IHnnﬂun_al fOCi (Inherent rate 40 - 50 per min.)

@?ﬂﬂﬁ"lﬂiar foci (inherant rate 20 - 40 per min.)

fizee Jevels of automaticity foci (atral. Junctional, and ventricular) that can
mp pacemaker responsibility if pacing sctivity Giils. The foci of each
ehassctenstic inherent rate range. giving the SA Node a failsafe

ge fevels of backup pacing.

mbwerent

e suppression allows the automaticity center with the
seraictobethe _ pacemaker (no competition), dominant

2 the highest pacemaking center fail, an automaticity focus

e next highest level (no fonger overdrive-suppressed)

g {“escapes™) o actively pace at its inherent rate, and it

pecomes the domimant pacemaker by overdrive-suppressing

BEticty below it. foci

LA very “imitable” automaticity focus may suddenly pace rapidly.
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Arrhythmias

* Irregular Rhythms  (page 107)

» Escape (page 112)
* Premature Beats (page 122)

* Tachy-arrhythmias (page 146)

The arrhythmias can-be divided o few gencrul cntegones, .'m:urding’m the _
arrhvthmia's mechanism of ongin, The best students, 've noticed. apply mdex tabs
to the pages that begin each arrhythmiia Gnegory (see abovie): trv it - vou will find &
very helpful!

Note: Although arrhythmia literally means “without rhythm,” generally
it deseribes any rhythm disturbance, that is, any variance: from a
Normal Sinus Rhythm, Some authors prefer the term “dyschythmia™
rather than arrhythmia,

Note: The iflustration is a simplified archythma classilication that is
calegorized secording to the mechanism of origin, so the archythmias
will be easy for you to understand.

MNote: The underlying mechanisms that are basic to the heant's function
are very satisfying o learn. But more importantly, conceptial
understanding of the basic mechanisms facilitates and perpetuates your
knowledge, Don’t memonize patterns: your knowledge will be vital (o

others! Lasting knowledge resulis from understanding.
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Irregular Rhythms

= Wandering Pacemaker
* Multifocal Atrial Tachycardia

* Atrial Fibrillation

& irregular rhythms presented in this seetion are usually coused by multiple,
uulnm.muq.' sites,

s tha lack & constamt duration between
& cveles are said to be ; rregular

+ o

unctioning automaticity foci may suffer from entrance block,

seby any incoming depolarization is blecked, “protecting” them
assive depolarization by any other source. Such “protection” is
atthy, By being msensitive 1o passive depolarization, they ¢anngt
ive-suppressed, while their own automaticity 1s still conducted
srrounding tissue. When an automaticity focus has entrance bloek,
said 10 be parasystolie (the foous paces, but can’t be overdrive-
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Wandering Pacemaker

irregular rhythm
* P' wave shape varies
« alrial rate less than 100
» irregular ventricular rhythm

! ] R el .
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Wandering Pacemaker is an imegular rhythm produced by the pacemaker uctive

“wandering from the SA Node 1o nearby atrial automaticity foci, This produces ov
lepgth variation as well as variation in the shape of the P waves, The overall raze,
however, is-within the normal range. '

Note: The P* (pronounced “P prime™) wave represents atrial
depolarization by an automaticity focus, as opposed o normal
sinus-paced P owaves,

MNote: Each automaticity focus has a specific inheremt rate at which it

paces. In a given lead, each atrial automaticity fecus produces its own
morphological signature, that is, it produces a P wave of a distinctive
shatpe relinted to the anatomical location of that focus within the atria.

Wandenng Pacemakeris an irregular rhythm {normal riate range); the
pacemaking activity wanders from the SA Node o foci, ..

.o 50 the eycle lengths vary, and __ wive morphology
(shape) varies s the pacemaking center moves,

Note: Should the rate accelerate into a tachycardia (greater than 100 per
manutel, it becomes Multifecal Atrtal Tachveardia. Next page. ..
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Multifocal Atrial Tachycardia

irregular rhythm
= P' wave shape varies
= atrial rate exceeds 100
* irregular ventricular rhythm
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altifocal Atrial Tachycardia (MAT) is a thythm of patients with Chronie
fuctive Pulmnmr:-' Disease (COPD), The heart rate is over 100 per mmimute
P wrpves of various shapes, since three or more ainial foc are imvolved.

AT, we can recognize each I wave from a particular
__focus by its morphological signature, i.e., P waves atrial
L the same focus look the some in a given lead,

= MAT is an arrhythimia of patients who are very ill* with COPD.
e atrial automaticity foci are also ill, showing early Signs of
pesvstole (entrance block) by developing & resistance to overdrive
ression. That is why no single focus achieves pacemaking
smiinance, so they all pace together.

use of the multifocal ongin of MAT, each individual atrial
% paces al its own inherent , bust the total, combined nile

g of multiple unsuppressed foci produces a rapid,
atar thythm. .,

wd in o given lead, éach focus produces Powaves with a specific

hological signarure, Le., _ waves of a distinct shape (note that P
= I waves are identical, since they're from the same focus).

remember, this is a tachycardia.

' _T is sometimes associnted with dizitatis wxicity in patients with hert disdne.
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Atrial Fibrillation

irregular rhythm

= continuous chaotic
atrial splkes

= irregular ventricular rhythm

Atrial Fibrillation is caused by the continuous rapid-firing of multiple atrial
automaticity foci. No single imptilse depolarizes the atna completely, and only .
occasional, random atrial depolarization reaches the AV Node 1o be canducted o
the ventricles; this produces o irregular ventricular (QRS) rhythm.

Note: Atrial Fibriflation is NOT an archythmia of healthy. young
individuals. It is the result of multiple “irritable™ atrial foci, suffering
from entrance block, pacing rapidly. These multiple aral foci are
parasystalic, so they re all insensitive 1o overdrive suppression;
therefore, they all pace at once. What chaos!

During Atrial Fibrillation, no single impulse completely
depolarizes both . %0 there are no P waves,
just & rapid series of tiny, ermatic spikes on EKG.

Only the occasional atrial impalse gets through the AV Node to initiate
i complex. The irregular ventricidar responye may resull in
cither 2 slow or rapid ventricular rate, but it is always irregular,

Note: You must determine and docoment the general ventricular rate
in Atrial Fibrillation (QRS"s per six second strip times 10},
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Practice Tracing
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This tracing was monitored from g patient with an irregalinr pulse,

Bis practice tracing has an irregular thythm in which
be see discernible ___ waves, so we know that it is not 4
il Fibrillation.

he “P" waves are not identical, and the rate does not
sadually increase and gradually decrease, so we
: mediately know that this is not Arrhythmia, Sinus

rate is less than 100 (which rules out MATY), the
‘_.- thm is irregular, and the P waves are of differem
wapes. This is most likely Pacemaker. Wandenng

Easy, isn'tit!

Wate: Just 1o solidify your knowledge of these irregular thythms,
study the simplified review and tracings of frregular Rlyyths on
': 336,
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Escape

Escape Rhythm - an automaticity focus escapes
overdrive suppression to pace at its inherent rate:

« Atrial Escape Rhythm
= Junctional Escape Rhythm
= Ventricular Escape Rhythm

micmnt amnn o da

escapes overdrive suppression to emit one beat:

* Atrial Escape Beat
* Junctional Escape Beat
= Ventricular Escape Beal

“Escape” descnbes the response of an automaticity focus 1o a pause in the
prcentiking aclivity.

The SA Node's regular pacing overdrive-suppresses all
automaticity foc, but a brief pause in SA Node pacing pennits
an automaticity o escape overdrive suppression,

IF 5A Node pacing ceases entirely. an automaticity locus

will escape to pace at ils inherent . thereby producing

an Exscape Rhvihm. We will, however, need to idemifly the Tocus
tatrial, Junctional. or ventricular) that escapes 1o actively pace.

If the puuse in pacing is brief (only one cycle missed), an
“automaticity focus may o emil a-single Evcape Beat
before the normal Sinus chythm returns, 5o, we will need

to identify that focus {atrial, Junctional, or ventriculir),
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Sinus (SA) Node pacing
interrupted by Sinus Arrest

automaticity focus
escapes to become
an active pacemaker
HH .
e e e
i i
# :'-lf: e _;.? o Sinug Arresl
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s Arrest oceurs when d very sick 5A Node ceases pacemaking complerely,
B the heart's efficient, fatlsafe mechanism provides three separate levels of
maticity foci for backup pacemaking, Divine Design,

L With Sinus Arrest, the SA Node ceases pacing: then, absent
erdrive suppression by the SA Node, an adtomaticity focus (with the
: = inherent pacing rafe) escapes o become an active pacenmaker.

Bt since it has the fastest inherent rate, it overdrive-suppresses all

& below, to become the dominant pacemaker.

= An autamaticity focus is overdrive-suppressed if it is regularly
wlarized by o pacing rate faster than its own inherent pacing rate,
5 an automaticity focus is not overdrive-suppressed - regardless
e catise — il escapes 1o initiate its own pacemaking aclivity.

e Each speeific focus hay its own indivicdual, inhevent rate of
ting. However, the inherent pacing rates of all foci of a given level
i examiple, the inherént rates of all Junctional foci) are within a rate

With & Sinus Arrest, the SA Node ceases pacing, so-absent
esdrive suppression from above, an auomaticity focus escapes 1o
pdiice. an I:.smpe Rhvthm. However with Sinus Block., the SA Node
Bses One pacing l.,g,':,l:r producing only a transient pause, So an
smaticity focus escapes to emit an Escape Beat, which actually
saents the Nirst beat of the attempt by the focus 1o pace, but the

m ol SA Node pacing overdrive-suppresses it again.

113
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Sinus Rhythm Atrial Escape Rhythm

nnnnn

With Sinus Arrest an atrial focus quickly escapes overdnive suppression 1o becos
the dominant pacemaker at its inherent rate, This is an Atrial Escape Rhythm.

With a Sinus Arrest-an antomaticiy focus in the highest
level of fock, the . escapes overdrve suppression
1o become an active pacemaker in its inherent rate range
of 60 o 80 pér minute.

An Atrial Escape Rhythm originates inan atrial automaticity
focus, so the P waves are not identical to the previous P waves
that were produced by the A See illustration. )

Note: The active atrial automaticity focus overdrive-suppresses
all lower, slower foci 1o become the dominant pacemaker. It also
paces al s mherent rate, which differs from (e ix slower than)
the previous Sinus rate, (See illustration. )

When an atrial focus assumes pacing responsibility in the
absence of @ Sinus Rhythm, this i an Atrial Rhythm.
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Sinus Rhythm Junctional Escape Rhythm
“idiojunctional rhythm"

40-60/ ,ir.
Sinus

st repubar pacing stimuli from above, an autonsticity fogus in the AV Junction
3y overdrive suppression 1o become an active pacemaker producing 3
al Excape Rhythm in its inherent rate range; 340 to &0 per minute.

A Junctional focus escapes the influence of overdrive
wession if there is a Sinus Arrest, and the atrial foci also
8 function properly...

¢ if there is a complete conduction block in the proximal end
£ AV Node. In either case, the Junctional focus is not regulardy
glated by pacing depolarizations from-above.

8 3 functional focus is not overdrivessuppressed. itactively
cproducing a Junctionul Escape Rhythm, and it becomes
snant pacemaker of the ventricles at o rate ranging from

__ per minute (it's also called an “idiojunctional rhythm™).#

ol Escape Rhythin u'-.miullg..I conducts manly 10

£ the next page for an interesting exception.

e the inherent Junctional pacing rale oy sceclérate bevond 115 asual mnge w
e an Accelerared Mdiapinciioral Riviee.

weles, producing a series of lone _ complexes, QRS

13
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A Junctional Automaticity Focus May
Cause Retrograde Atrial Dapuiarizatmn

Each P' Is inverted In leads with an upright QRS ul* =

Because cach Junctional automaticity focus is located within the AV Node, each
pacing stimulis originating there will conduct 1o the ventricles as expected.

birt the paced stimuli may also {unexpectedly) depolarize the alria from below
{“rerrograde™), producing imverted P waves in EKG leads with an upright QRS

Mote: The illustration shows that atrial depolarization and ventricular
depolarization proceed in opposite directions from a pacing Junctional
focus. Alse, most EKG leads produce an upright QRS,

With a Junctional Escape Rhythm, every paced stimulus will
depolarize the ventricles, but the pacing may also depolanze
the atria from below in a retrograde fashion, producing

P' waves in EKG leads with an upright QRS.

Note: The AV Node conducts very slowly, so depolarization from
a Junctional focus may delay gither ventricular depolarization or
retrograde atrial depolarization (if present)...

.. as a result, if there is retrograde atrial depolarization from a
Junctional focus, it may record on EKG with one of these three patte

= petrograde (inverted) P wave immediately before each QRS
= petrograde (inverted) P wave after each QRS
= retrograde (inverted) P* wiave burted within cach QRS (not shown)
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Ventricular Escape Rhythm
“idioventricular rhythm"
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Eetculur Exscape Rhythm cocurs when a ventrcular sutomaticity focus is not
& stimilated by paced depolarizations from sbove, so it escapes overdrive

g 10 emerge as the ventriculir pacemaker with an inhberent rate in the range
B per minwte® {50 11 s also called an “idioventnicular thythm™). Notice the
s ventricular complexes.

a ricular Escape Rhythm usually results from one of two

& complete conduction block high in the ventricular conduction system

elow the AV Node), the ventricular foci are not stimulated by atrial

searizations from-above (see P waves in illustration), so-a ventricular
escapes to pace the ventricles at its inherent rate.

& faiture of the SA Node and all automaticity foci above the ventricles
_' and grave condition called “dewnward displacement of the
msaner . In extremis. a ventricular focuss escapes (o become the
5anmcuin.r pacemaker in a final, futile attempt 1o sustain life.

Facing from a ventricular focus 1s often so slow that blood flow
EBLin 15 significantly reduced to the point of unconsciousness
e, This is Stokes-Adams Syndrome. This unconscious

s sirway must be monitored and maintained. . constantly,

2
.

o scoelerate above the inherent rate range, becomes an
d Iediervennericulkar Rl

1y
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Sinus Rhythm
(SA Node pacing)

Duiring a Sinus Rhythm, a trinsicnt Sinies Block makes the SA Node miss a pacin

stimulus (one missed cycle), producing & pause in pacing. 50 an atrial Gutomares
focus escapes overdrive suppression o et an Escape Beat.

With o transient Sinus Block, an unhealthy SA Node misses
one pacing stimulus: This missed cvele produces o
during which the heart is electrically silent.

If this pause is long encugh (see NOTE below), then an
automaticity tocus will "escape” SUppPrEssion.

Note: If there isa “sufficient™ pause — longer than the inherent
{pacing) cycle length of an sutomaticity focus — that focas will
“escape” the SA Node's overdrive suppression 1o emit a-stimulus.*

If the SA Node misses only one cyele, it will then resume
pacing, and the SA Node's overdrive suppression
of all suomaticity resumes as well,

I wiou don "t diederstiosd the Sote, don't worty, Just be aware of the eseape mechiss
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Atrial Escape Beat

E.:.]E EMH I' “

et Sinus Block of one pacenuking stimulus (SA Node misses one cyele) isa
g pause for an aimal automaticity focus to escape overdrive sippression and
Atrial Es¢ape Beal Notice that the P*owave differs from the Sinus-generated

et Sinus Block can prevent the ___ from SA Node
ig ene pacemaking stimulus, thus producing a '
¥ electneal silence for one pecing eycle.

e resulting from one missed SA Node pm:mg eycle,
Esent enough 10 remove the overdrive suppression
gl automaticity and. .. focus

al focus escapes (0 emil 4 single stimulus; this is an

wape Beat (on EKG, a pause followed by a P' that

m the P waves). Then the SA Node quickly resumes

250 the atnal focus s -suppressed again. overdrive
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(AV) Junctional Escape Beat

Sinuz Rhylhm
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An ushealthy SA Node that suffers a ransient Sinus Block misses one paring cycle
This pause cin induce o Junclional putomaticity focus to escape overdrive
suppression and emit a Junctionzl Escape Beat.

If the SA Node suffers a transient Sinus Block, it misses
one pacing cvele, so o suflicient results and. ..

<o atbsent any trial focul response, a Junctional aulomaticity
focus will escape overdrive W emil a
Junctional Escape Beat.

The depolarization stimulus emitted by the Junctional focus passes
down the ventricular conduction Lo depolarize the
ventricles in a normal Fashion. $o & normal QRS complex resulis,
Then the SA Node resumes pacemaking, overdnve-suppressing the
Junctional focus,

Note: A single Junctional Escape Beat may produce retrograde atrial
depolanization that records an inverted P immeédiately belore the QRS
or an inverted P after the QRS,
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Ventricular Escape Beat

L
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T
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miricular Escape Beat oniginates in a vemtricular automaticity focus that is no
=1 overdrive-suppressed by regular pacing stimali from above: A ventricular
iy pically produtes this coormous ventricular (QRS) complex.

far automaticity can escape overdrive focus
ssion when it is not stimulated by pacemaking
¥ from above for at least one — maybe two eyveles,

#= a little unusual that the SA Node as well as all

strial foci and all the Juncrional would fail foci
sisty. How then, is it that Ventricular Escape Beats

50 rare? Here's how...

5 Cardiae parssympathetic innervation inhibits the SA MNode and also
j_ the atrial and Junctional foci (see illustration, page 58), but gt the
micular foci, Therefore, a burst of excessive parasympathetic activity
wssed the SA Node (producing a pause) and also depresses the atrial
ctional foel. which leaves only the ventricular foci 1o respond to the
. S0 a ventricular automaticity focus escapes overdnve suppression

| 1:. harges, depolarizing the ventricles, pmdm:mg AN CNOmous
ericular comples. Such a burst of excessive parasympathelic activity

lly transicnt, so the SA Node resumes ils pacemaking activity,

Please study the organized review of Escape on page 337,
a focus on understanding.
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Premature Beats

Premature Beat - an irritable focus
spontaneously fires a single stimulus:

* Premature Atrial Beat
s Premature Junctional Beat
» Premature Ventricular Beat

i el

.T..

A premgmare bear (prematore stimulus) onginates in an jmtable astomaticity
focus that fires spontangously, producing a beat {on EKG we see evidence of
a depolarization) earlier than-expecied in the dhythin.

Note: Those things that make vou irritable can do the same (o an atrial
or Junctional dutomaticity focus. Quickly peek al the next page and
vou'll see. '

A premature beat, like a premature baby, appears carber
than

—

When we see a premature beat, we recognize that it was
fired by an irmitable automaticity . 50 we need
to identify the focus (atrial, Junctional, or ventnicular).

Note; Ventrigular avtomaticity foct are the world's most sensinve O,
sensors. When they sense Tow O, they become irritable. .. and they renct’

Note: Premuture beats can cause pecolianties in the rhythm that may
mimic more serious problems such as pathological conduction blocks.
While some premature beats are not serious, others are a dire waming —
we' Il explore then all. You should be cautious and know the difference
- lives will depend on it! Understanding the basics provides answers,
and understanding facilitates rapid judgement,
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=y

» presence of caffeine, amphetamines, cocaine,
or other [}, receptor stimulants

= excess digitalis, some toxins, occasionally ethanal

-+ hyperthyroidism
(direct stimulation plus heart oversensitive
to adrenergic stimulants) | atrial locus

~»sgtretch
“...and to some extent, low 'DE.
#
sts may accomplish this. " [Junctional focus - ¥
A T
st TETEY feacirs it airn e in ihr AV Junciion may become irritable

s aneously fire an impulse or even suddenly pace very fast The cause of
sty in-atrval and Junctionul foceis useally adrenergic substances {page 57).

M 2n atrial or Junctional automaticity focus become irritable,*
Sire o spontancous impulse that depolarizes the surrounding
S0 W CaN recognize it on a5 a premature beat. EKG

_ atrial or Junctional focus may fire irritable
- ﬂf ritpid pacing |m|.'ru!'-:f~: 0 become the dominant
sker, overdrivessuppressing all auntomaticity centers,

oaditions/substances that can make an atnal focus (usually ) or

onal focus (occasionally) irritable:

yexcess of epinephrine or porepinephrine, the naturl substances

St activate the adrenergic receptors (of foci).

rgic chemicals that mimic this effect.

sebances or conditions that increase the release of cpinephrine

o norepinephnne.

=1t '.g an irritable person who suddenty yelbed at you (oo much adrenaline, or mayvbe

miuc b cotfec], you will remember thin upper level Togn can ilso become “irmitalile”
couses) il spontaneoasly fire  stimilos,
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Premature Atrial Beat

A Premiature Atrial Beat (PAB) originates suddenly in an {rvitehfe (see previos
page) atrial augomaticity foous, and it produces a I wave earlier than expected. [
On EKG, P is atrial depolarization by anautomaticity focus,

A Premature Atrial Beat (PAB) originates in an irritable atrial
autoimaticity focus that spontaneously fires a depolanzation
stimulus earlier than the normal ___ wave on EKG.

But because an atrial focus is the origin of this premature atrial
depolarization (not the 5A Node ), the stimulus pr::—ducc&- i
premiature and unusually shaped P wave® that does not look
like a normal (Sinus-generated) P

Note: On EKG, i PAB records asa P The P' may be difficult to detect
when it's hiding on the peak of a T wave: the giveaway is a too-tall T..0
taller than the other T waves in the same lead.

Note: Each PAB depolarizes the SA Node; the effect of this. .. (next pag

* Atrial depolarization from o focus néar the SA Node produces a generally upright m
whereas a focus in the lower atrium depolarizes the atria i~ hottom-upards™ ¢
{ashion to record an inverted 7 wave in most beads.
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An active automaticity center “resets”
to continue pacing one cycle length
frnm a Premature Stimulus

SANndi-

NN

1
éF"F-l-lﬂl 1 1
resel pacing 13

Pacing resets to begin in step with® the premature stimulus
' *one cycle length after

E%ﬁ

All centers of automaticity resel, & charactenstic of awtomaticity, A center of
pomanicity resery its thythm when it is depolarized by a premature stimulus, so ifs
pecemaking activity resers in step with the prematune beat. Observing the illusteation
b [eft to right. helps clarify the concept.

sing ocours when the dominant automaticity center {usually
SA Node) 1s depolanized by o beal, then. .. prematurs

; _pag:emn,l.mg activity resets in step with the premature

hizs. 50 that the next pacing stimulus that it gg.nl:mlm

"; q.r-;:le length from the premature beat
(stimulus)

. A Node is depolanized by a premature beat, the SA Node
Emaking is reset, so that regular pacing resumes one cycle |
Biomthe stimulus. sl

In order to reset, the dominant (active) center of automaticity
LB depolarized by the premature beat. When there is a premature
Bl that does not reach the dominant pacing center, it pacing is

e,

133



126 Chapfer 5: Bl thm, Pasi |

PAB resets SA Node Pacing

[Emmalum Alrial Beat |

Ot

A Prematone Avral Beat from an amitable atnal automaticny Tocus produces o
too-carly depolarization of the atria that depolatizes the 5A Node as well. So the
SA Node reseis its thythm in step with the Prematore Atnal Beat (1)

Naote: The P on EKG is the funny-looking atrial deépolarization wave
produced by an amtomaticity focus. It appears different from all SA
Node-generated P waves in the same EKG lead, but a normal QRS
follows.

If a Regular Sinus Bhythm produced by the SA is intérrupied
by a spontancous Premature Atrial Beat {Irom an atrial astomaticity focush
the 5A Node, which lies within the atna. is-depolarized as well so...

oo the SA Node resers, making the P' the first beat of its (reser)
L Thie P in the illustraton marks where the P wave
seould have occurred, il the SA Node wenen' | resel.

MNote: The reser thythm of the SA Node resumes the same rate

{same cycle length) as before the premature stimulus, bul it continues
one cycle length from (.., instep with) the P°. The pacing rale of the
SA Node before and after the PAB remains the same.

Note: In reality, the first eycle alter a PAB 15 a little lengthened due
to a transient {baroreceptor) parasympathetic effect on the SA Node,
which resumes pacing during systole. (Understanding the mechanism
15 nol important. )
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Premature Atrial Beat with
aberrant ventricular conduction
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Fventricular conduction system 15 usoally receplive 1o being depolanzed by a
smture Atrial Beat, but one Bundle Branch may not have completely pepolarized
t3s. 115 sl o lide refractory) when the other is receptive. This: “aberrant

ular conduction ™ produces ashightly widened QRS for that premature cycle

. . When a Premature Atrial Beat I{P‘;} 15 conducted 1o the
icles, the ventricles are also depolanized earher than wsual,

: “m::.r. a Premature Atrial Beat can produce aberrant
ular conduction, because one of the Bundle Branches
::m‘npktciy . amd therefore is temporarily repolarized
ary 1o depolarization,

spolarization of one ventricle is immediate, while
) ization of the other ventricle is slightly . delayed

non-simultaneous depolarization of the ventricles records
| shightly QRS complex after the F* on the EKG. widened
ventncular condugtion resumes with normal cycles.
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Non-conducted Premature Atrial Beat

Al times, the AV Node is completely unneceptivie to a premature atrial depolan

stimulus:becisuse it reaches the AV Node prematurely, that is, while the' AV N
stall in the refractory period of its repolarization. This reselts in a “son-conducied
(o the venmricles ) Premature Atrial Beat.

A Premature Atrial Beai may be unable to depolarize
the AV Node if it (the AV Node) is not fully repolarized
and still to an extra-stimulus,

On EKG, this records as i too-early, unusual _ wave
that hias no vemeicalar (QRS-T) response:

Note: Wamming! Although a "non-conducied”™ PAB {on EKG.

a premature P without 3 QRS response) does not depolarize

the ventricles, it does depolanize the SA Node, which resers

ils pacemaking one cyele length alter the premature stimilus.,
The combination of reset pacing plus the missing QRS-T creates
a harmless; but dangerous-looking, span of empty baseline. ..
which has the sinister appearance of a “some-kind-of-block.”
And one day you will have the satisfaction of correcting sameone
who guessed the wrong diagnosis.
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sccasionally, an irriable aptomaneny foces fres a Premature Awaal Bear (P) that
mples 1o the end of a normal cxcle, and repeats this process by coupling a PAB 10
e end of cach successive normal cyele. This is Atrial Bigeminy.

gt The cycle containing the premature beat together with the eyele
les to which it couples, is called & “couplet.”

sen an irmtable atnal focus repeitedly couples a PAB to the end
ch (otherwise normal) cycle, this 15 & ran of Bigeminy.* Atrial

s, an irritable atrial focos may prematurely fire after
» normal cycles: when this couplet continuously, repeats
<2 run of Atrial Trigeminy.

& With both Atrial Bigeminy and Atrial Trigeminy, each premature

wnulus (from the irritable atrial focus) depolarizes the SA Node and resets

roducing a span of clear baseline between the couplets. So a series

wun”) of couplet groups called “group beating” is often seen with Atrial
geminy, Atrial Trigeminy, ete. Just look for the premature (P') beat in

sch couplet. 1t's that simple! This is mentioned because group beating may

sour with a type of AV conduction Bloek 1o be discussed later (page 180).

A o iy have noticed, there is-aslightly widencd {Shermranty QRS ifter each I inthe
S tracing. Aberrant ventricular conduction can occur after any premature atrial
e hrmetional) beat.
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Practice Tracings

Can you determine what is occurmng on each of these practice ERG tracings?

Tracing A

This triscing is from o medical student who had a few cops of coffee in ordeg
study late; She went 1o the Emergency Room because her pulse seemed imegul

The intern on duty thought that the tracing showed “intermittent complete A
Block™ and was about to call the anending physician (at 4:00 am) 10 schedule §
emergency artificial pacemaker implantation. Explain the EKG strip to the inte
using only whal you have learned so far (before he wakes the artending physi
and discovers the real meaning of “irritable™)

Tracing H;

This transmitted telemetry tracing is from a known drug abuser who ook &
large quantity of amphetamines before his emergency ride to the hospital,

Someane in the ambulance suggested what sounded like “Winky bok bl
when the 1elemetry was transmitted. Utilizing un!_',.r what you have read and
understand so far in this book, vou will recognize things thiat you have just
learned. Notice that in cach grouping only two of the P waves are identical.
Carefully analyze what vou see, so you can explain it to others,

Note: Carefully examine each tracing and contemplate its subtle
information. The answers will appedr as you continue reading. ..
somewhere.
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Premature Junctional Beat
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wmature Junctional Beat (PIB) occurswhen an ferirebde automabicity focus
AN Junction suddenly fires o prefature stitulus that s conducted 1, and
ek, the ventricles (and sometimes the atria, in retrograde fashion),

8 & irritable {ocus (see page 123) in the AV Junction
eously fires a stimulus, this producesa Premature
Beat on EKG. Junctional

Adter heart tissue depoliarizes, it immediately repolarcees, and

pnge repolarization that tissue is refractory to another stimulus

mature stimulus). As the ventricles repolarize, one Bundle Branch

B repolarize slower than the ather, So the wo-early depolarization

e 2 PIB may conduct throngh one Bundle Branch, but the impulse

emporarily -detaved in the other, stll refractory, Bundle Branch

ally the Right). So, instead of depolarizing simultancously, one

saaricle depolarizes punciually and the other is delayed, producing a
thily widened QRS complex typical of a Premature Junctional Beat

B aberrant ventricwlar comduction:

=

5o a premature QRS complex that is slightly wideéned,
Hould consider that it may be due 1o a Premature Juncticonal
Premature Atrial) Beat with ventricular conduction, aberrant

- 5 poge answers: Al Son-conducted PAH. . B Atnal Togeminy sl non-condocied PAB.
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A Junctional Automaticity Focus May
Cause Retrograde Atrial De:mlanzatinn

Each P Is inverted In leads with an upright QRS

A Premature Junctional Beat originates in-an irmitable Junctional fm:n_g. withiun the
AV Node. We expect such a premature stimulus 1o conduct 10 the ventricles. but it
meay also depolarize the dtria in o bomom-up “retrograde” Tashion that records as an
inverted P owave in EKG leads with an upright ORS.

Since atrial and ventricular depolanzition move in opposite
directions from the Junctional focus, the premature P wave
s .., opposite the upright QRS. inv

If a PJB produces retrograde atrial depolarization,
it may record an inverted P wave immediately before
the_premature complex.

Sometimes an mverted _ wave associated with a PIB
follows the QRS. Occasionally the P disappears within
the QRS when atrial and ventricular depolarization oceur
simultancously (nod shown in illustration.

Note: Retrograde atnal depolarization froma PIB usually depolanizes

the SA Node as well. So the SA Node pacing is resef in step with the
retrograde atrial depolarization.
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{AV} Junctlunal Elig-eminv

ha iritable Tocus i the AV Junction may mitate & Premature Juncional Best after
ch normal (SA Node-generated) cycle. This is Junctional Bxgemlny When o P18
coupled with two comsecutive, normal eycles in 4 repeating series of these couplets,

s is Junctional Trigeminy.

arritable Junctional automaticity focus may fire o premature
neius coupled to the end of each normal (SA Node paced) _
e 1o produce Junetional . Bigeminy

.':iahh.‘.- Junctional focus may fire & stimulus after two
ecutive, normil Sinus-generated cycles, A répeating
ses of these couplets is Trigeminy. Junctional

&2 Don’( forget that on EKG you may see an inverted (retrograde)
B wave (arrows in upper tracing) with every PJB in either Junctional
Sieeminy or Junctional Trigeminy, Also, the $A Node will reset s
wcing with each retrograde atrial depolarization; this can produce
rming (but innocent) gaps of empty baseling between coupleis,
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A ventricular focus can be made irritable by:

Low DI.E Airway obstruction
Absence of air
(near-drowning or suffocation)
Alr with poor O2 content
Minimal blood ation in lungs
[puhnmn?y“mlqa or pna&muﬂmm:}
Reduced cardiac output
(hypovolemic or cardiogenic shock)
Poor to absent coronary blood Egrply
{coronary insulficlency or infarction)

Low K+ Reduced serum potassium (“hypokalemia™)

Pathology Mitral Valve Prolapse, stretch, myocarditis, etc.

... Bnd to & lesser degres, epinephrine-fke sebstances
(i, ndrenergic stimulanis). |

A ventriclar focus may become irvitable from under-oxygenation (“hypoxia™) due
10 various circumstances and conditions, Hypokabemia, QT-prolonging medications;
mitral valve prolapse. cardiac pathology, and stretch, can do the same.

Poor oxygenation (hypoxiay can make a ventricular awomanicity
become trmitable and fire a spontancous impulse.
producing & premature ventricular beat on EKG.

A very irmitable ventricular focus may be s0 excessively
provoked by hypoxia or “ischemia®™ (diminished blood supply)
that it suddenly Nires o series of rapid impulses,
overdrive-suppressmg the Sinus rhythm...

« %0 il becomes the heant’s dominant pacemaker.

Note: IT you study the illustration for @ moment, you will guickly
realize that there are numorous mechanisms that can reduce the oxyeen
supply to these sensitive ventricular automaticity foci. In a chinical
setting, most (but not all) “deadly™ ventricular tachycardias are due

o coronary insuthiciency or infarction, Know the other causes of
ventricular focal imitability (se¢ illustration).

Note: Cocame is known 1o make atrial and Junctional foc irritable,
but it has more dingerous ellfecs, Cocaine causes coronany spasm.
making ventricular foci hypoxic amd very iritable; dangerous
ventneular amhythmias may cnsue.
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Premature Ventricular Contraction (PVC)

|irritable focus

sremature ventricular beat called a Premature Ventricular Contraction (PVC)
g2 s suddenly in an ireitalle ventricular automaticity i'u-cu:. and produces a
§ventricular complex on ERG.

smiable (quickly review the previous page, please)
ricutar focus may suddenly fire a stimulus and produce
Ventricular Complex® (PVC) on EKG. Premature

Bte: PVC's occur early in the eyvele. Easily recognized by their

- it width and enormous amplitude (height and depth), they are
Il_f opposite the polanty of the normal QRS s (e, ifQRS's
ard, PVC's are mannly downward),

nost-likely reason for a ventricular automaticity focus
decome irritable is under- {hypoxia). oxygenation

e PVC denotes a ventricielar “contraction.” When you see a PVC,
smember that this represents a (premature) ventricular contraction,

g an associated premature pulse beat, albeit weaker than normal

he prematurely stimutated ventricles are not complerely filled).

PV may stund for Premutore Ventricular “Controction”™ or “Comiplex.”
his fssue remains unresalved.

I35
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irritable focus |

A
{ \

The PV originates in-an antematicity focus within the ventricular conduction

syste, usually in  venirieular wall, Thus, one ares of the ventricular wall begins o
depolarize before the rest of the ventricle, long before the other ventricle depolanizes.

Note: After a normal, Sinus-generated depolarization stimulus has
passed through the AV Node, the stimulus is quickly ransmitied to the
entire endocardial lining of both ventricles at once. This simultaneous
depolarization of both ventricles produces 4 slepder QRS complex.

Note: When an iritable ventricular automaticity focus suddenly
fires an impulse, that ventricular region depolarizes before the rest
of the ventricle, and then the depolarization wave creeps to the other
ventricle, which then depolarizes. .. producing an enormously wide
ventricular complex.

Note: Normally, ventricular depolarization passes through the entire
thickness of both ventricles at onee, Left ventricular depolarization in
the leftward direction tends to be counterbalanced by the simultaneous:
right ventricutar depolarization in the opposite direction. This
minimizes the QRS amplitude. But depolarization originating in a
remote ventricular focus (a3 with a PYC), gradually spreads without
simultzaneous opposition from the other side.and in s slow course,
produces (unopposed) deflections of immense amplitude,
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“compensatory”
pause

within the PVC (see P in the illusteion),

PV isa gigantic ventricular complex thatl jumps out
i vou from the EKG, waming vou that there is a ventricular
us that is irritable. usually becanse of

"'f ‘s depolarize only the . mot the SA Node,
pthe SA Node discharges on schedule. In fact, by measuring
P eviles. vou can often locate the punciual P wave within a PVC,

ut that timely Pwave occurs while the ventricles are still
etraciory (from the PVC) and not fully
When this normal stimulus arrives, they can't dn:pnlanze

- a0 there is a as the ventricles finish repolarizing,
ieking them receptive 1o the next Sinus-generated cycle.

wotes imterpolared PVC's aré rare, but are somehow sandwiched
“Between the beats of a normal rhythm, producing no pause and no
shythm disurbance.
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B PYC s an enormous ventricular complex that s much wider, tiller. and deeper
@i a normal QRS. There 15 a pause after the PVC, but it 15 ot caused by reseiting
the SA Node: in fact, sometimes you can see the punctual, but ineffective, P waye

hypaoxia

ventricles

repolarized

pause

* The pause, soapetinees calbed o "compeasaiory” pase, dooin't “compessate’” for anything.

37
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Muiltiple PVC’s from an irritable focus

Numerous PVC's may emanate from the same vemncular focus, warning that the
focus is very irritable. usually because of its poor state of oxygenation. Six or moe
PNCs per-minute is considered pathological.

While monitoring a given lead, you netice identical PVC's
appearing quite often: since each PV is identical,
we know that they all originated in the same imitable
focus, (These are “mnifocal” PVC's.) venii

Frequent unifogcal PYC's usually indicate poor oxygenation
of a single ventricular focus — often because the blood supply
1o that focus 18 gljmihi:ahcd, Remember, PVC's per minute
1s pathological. Don't ignore this patient!

Mote: There are situations when the coronary blood flow is adequate,
but the blood is poorly oxy genated (e.g., drowning, pneumothorax,
pulmonary embolus, racheal obstruction, ete.). When a highly irritable
“ventricular focus 1s warning you with muliiple PVCs. . you must
respond! Low serum potassium, as well as certain medications, can
also rritate & ventricular focus. In addition, adrenergic stimulants like
epinephrine can aggravate the situation,



Chapter 5: Rlyythm, Part |

vm!ﬂcular Ei‘gnmlnyr

Ventricular Trigeminy

Ventricular Quadrigeminy

b very irritable venmricularautomaticity foces may fire o stimeios that couples 1o one
more normal ¢yeles o produce Yentricular Bigeminy, or Ventricular
rigeminy, cic.

gte: By convention. 6 PVC's per minute is considered pathological,
_'* sontinuous run of any of these couplet patterns quickly exceeds that
sterion and vsually indicates that a very irritable focus is hypoxic and
ailing for help.

0 1 PVC becomes coupled to a normal eycle,
the pattern continues with every cycle in succession,
dentify this as Ventricular . Bigeminy

gsee o repetitive pattern of a PVC coupling with every
al eyeles., this isa run of Ventricular : Trigeminy

= Ventricular automaticity foci are the heart’s hypoxia early
gming system. Respond!
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Ventricular Parasystole
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Ventricular Pargsystole is produced by a ventricular .|.1.J|11mali::h;. focus that suff

Jromi entrance block (hat 15 mer irmitable), The parasystolic focus is nol vulnerable m
overdrive suppression, so it pacesal il inherent rate, and the ventricuksr ::m‘npln.,
that it generates poke throwgh the dominant Sinus Rhythm.,

Note: A solitary ventricular focws suffering from entrance block is:
“parasystolic”, that is, it can't be overdrive-suppressed yet it can
deliver pacing stimuli at its inberent rate,

Nuote: A parasystolic ventricular focus sulfers from entrance block.
imsulating it from depolarization by outside sources, Absent overdrive
suppression, it paces at its inherent rate. The result is o dual rhythim
with pacing from two sources, the 8A Node and the ventneular focus,

When you see PVC's that appear to be coupled o a long series of
normal eycles, vou should suspect Ventricular . Parasys

Note: Because this represents two unrelated, independent rivwthms
(from two different pacing locations), the interval between the normal
eyele and the large ventnewlar complexs 15 not always consistent.
Oceasionally a large ventricular complex may fail 10 appear because
the ventricular focus happens o discharge during the refractory period
of the (Sinus-paced) vemricles.
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A very irritable ventricular focus
can emit consecutive stimuli

~one PVC run of 3 PVC’s (VT)
il 4 . } R LUt BE Lk }

1 L5 _..J'l,‘ 3 1 : :
run of 6 PVC’s (VT)

A AAA N N\

Biie ventricular antomaticity focus may fire once or, i extremely irmitible
peevgenated ). it may fire a mpid series of impulses 1o produce o run of PVC's,

ritable ventricular focus may fire one spontancous impulse,
: m}'g-.*n supply decreases further, the focus may be provoked
: ' 4 series of discharges in SLCCESSI0N, rapid

e, runs of PYCs that emanate from an imtable

s are more serious than occasional PVC's focus
= same- focus, particularly in patients suffering an

13 {-n.an!ul infarchon.

B A pun of three or more PYC's in rapid succession is really a
AT '1ﬂ-;;u‘lar'1‘aﬂ1:,fcardia {VT), Two of the examplés in the above
Wustration are VT If & run of VT lasts longer than 30 seconds, it is

fed “sustained™ VT.
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Each irritable focus produces
its own distmr.:twa PVC

Severe cardiac bypoxiacan cause Multifocal PVC's - a desperation measure
produced by multiple, exceptionally imiible (hypoxic), ventricular foci. Each foc
produces its own unigue, dentifiable PVC every tme it fires. '

In a given lead, PVC's originating in a specific
ventricular focus all appear the

Notie: Severe cardiae hypoxia can caose numerous smaltifocal PV s 10
apear. This is indeed dangerous and requires immediate intervention.
Because a single writable ventricular focus can suddenly fire a senes
of rapid discharges to produce a dangerous tachy-wrhythmia {e.2.,
Ventreular Tachyeardia), the presence of numercus multifocal PYVC's
means that & number of extremely imitable foei are discharging, and
trouble is imminent. The chance of developing a dangerous or ¢ven
deadly arrhythmia (e.g., Ventricular Fibrillation) under these dire
circimstances is'obviously enhanced. With infarction paticnts,

this is-an alarm of crisis proportions!




Mitral Valve Prolapse
(Barlow syndrome)

prolapsed
mitral valve

 mitral ‘-'H!FESL _chordae #

diastole

il Yalve Prolapse { MVP) causes PVC's; including rens of VT and multifoeal
43 : yet itis considercd a bemgn condition, With MVP the mitral valve is
Sepry” and billows into the left atrium during ventricular sysiole.

& First described by Dr. 1. B. Barlow in 1968 (MVP is also

Bled T Barlow Syndrome™), this is quite common; 6% 1o 179% of

= 5 and about 1.5% of males. Females with MVP typically have
-:“: der body with a slight chest deformity, experience “dizzy” bpcflm
g are anxiety prone. They first experience symptoms after age 20.

S 2 ventricular systole. the billowing valves pull on the

ze that tether them to the papilliry muscles in the fent

sicle. In the author's opinion, this traction on the papillary

fes causes localized stretch and ischemia, irrtating adjacent

dcular aptomaticy foci

= MYP patients usually have a mid-systolic click with &
Secrescendo murmur on auscultation,

Chamex 5 Rhelome, Pan WAL



144 Chapters; Bhyiho, Pt |

If a PHC falls on a T wave...
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watt:h this patient closely.
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I a PYC falls ona T wave (“R on T phenomenon”), particulardy in siations of -
hyposia or low serum potassiim, it oceurs during a “vulnerable period” and
dangerous arrhythmias ey resuls, Notice how a PVC hits the second T wave
directly in its vulnerable period (ouch!).., and see what happens!

PV s are, of course, prémature and usaally occur
Just after the ___ wave of a normal eycle.

When a PVC falls on the peak of a T wave or on the initial part

of its downslope, it catches the ventricles during & vulnerable period,
particufarly in the presence of {often caused by cardiac hy
ischemia from a narmowed coronary artery) or in the presence :
of low potassium,

Note: Repolarization of Purkinje fibers (along with their valnerable

period) extends beyvond the T wave, so o PYC falling just after the

T wave may, in Fact, occor during the vulnerable period of ventricular foci
lsehemia can extend Purkinge repolarization even further. 1

Note: This well known waming sign, "R on T is often noted after the
fact, during the review of an EKG strip from a patient who suffered a
dangerous or deadly arrhythmia. By being cautious and vigilant, you
can respond quickly.
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Practice Tracing

e —

S discerming eve of o coronary care nurse detected abem that appeared a linle oo
A% on the ERG strip taken from & patient’s monitor. Lets determine the location
e irmtable focus that produced the premature beat.

Sast QRS complex in the strip catches your eye because

Last QRS comiplex looks the same as the other QRS's, so we know

L although premature, the last QRS resulied from depolarization

paessed (ina normal fashion) down the ventricular conduction

pem, Therefore, it is pot from a focus, ventricular

sefully examining the EKG sirip, we don’t see a P' (with a lintle haseline)

Sore the premature QRS, so we Know that the QRS did not emanate

w2 atrial focus, Therefore the imitable automaticity focus that

duced the premature QRS must be in the ; AV Junction

ge: Sure vou understand this, but it probably would be a good

S 10 take a minute to review this section, and study the simplified

sew of Premanire Beats on page 337, Then, let’s take a break, and
Emght here when you retum.

j-'-'rn premuaturely, amd it is not pm::ﬂdad bya_ wave r
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Tachy-arrhythmias

rapid rhythms originating in
very irritable automaticity foci

B

Paroxysmal
Tachycardia

Fibrillation

A “tectliv-grrhythnia ™ onginates in a very irritable focus that paces rapidiy.
Sometimies more than one active focus 18 generiiing pacing stimuli af once,

Note: Tachy-archythmia (“rapid arrhythmia™), hyphenated for
recognition purposes here, is not usually hyphenated, so hencefonh
the hyphen will be omitted,

The rate ranges of the tchvarchythmias are:

Paroxysmal Tachycardia , ..., ... ey fminute. 150 1oy

L o e o fminute, 250 to-

Eiristion Lo S 15} fminute. 350 1o

Note: A tachyarrhythmia is casily recognized by rate alone, but the
specific diagnosis requires that we identily the origin, that is, we must
determing the location of the imitable automaticity focus Catrial,
Junctional, or ventricular). You already have a solid understanding®

of normal conduction in the hean, so we merely need to get up to speed
{pun intended) in learning the behavior of very irritable automaticity
foci, and how they record on EKG.

* “Undersipmling i= a kind of ecstwey.” Carl Sagan (from Broca’s Brain,)
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Paroxysmal (sudden) Tachycardia
a very irritable automaticity focus
suddenly paces rapidly:

= Paroxysmal Atrial Tachycardia
» Paroxysmal Junctional Tachycardia
« Paroxysmal Ventricular Tachycardia

i Buddenky, irritable focus paces rapidly

r el (“sudden™) rachyveardio ("rapid hean rate”™) indicates rapid pacing

o 250 per minute) by a very imitable automaticity focus, Once we recognize
ocysmal techyeardia, we need only identify the focus (atrial, Junctional, or
petilar) of 15 origim.

medical term for rapid hean rate is . uchycardia

al meéans . sudden

Pam;-.;. smal tichycardia anses suddenly from a very irmitable
pomaticity focus, Generally speaking, stimulants like epinephrine
hrgher level foci imitable, whereas more threatening
: siological conditions like hypoxia (o Tow potassium) make

wcular foci irritable. There is-some overlap, however, In addition,
=N e premature stimulus from another focus can provoke an imitable
poes into o run of paroxysmal tachycardia.

ist, Sinus tachyeardia is the SA Node's gradual response
rcise, excitement, ctc. Although the SA Node's rate of
e may cventually become quite rapid, Sinus tachycardia is

st sudden nor does it originate in an automaticity focus,
& definition, it is pot a tachycardia. paroxysmil
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Paroxysmal Tachycardia
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The mite range of the paroxysmal tachyeandias 18 150% 1o 250 per minute, so they
easy (o recognize, Locating the causative irritable focus (atrial. Junctiomal, or
ventriculary gives us the dingnosis.

When calculating rate, we fnd an B wave that peaks on a
heavy black “start” line. The next three heavy black lines
are called 300, |56, v

The fine ling immediately to the right of the heavy black *300” line
is the thin “250" line, Therefore, if an B wave falls on the “stan™ line
(see illostration) the next B wave will fall within the shaded aréa
during paroxysmal

You can instantly recognize a paroxysmal tachycardia by

noting the rate range of o 250 per minute. Now you

have 1o determine at which of three levels there is a very irritable
sutomaticny focus causing the tachyeardia. Easy enough!

* Some authors now set the lower rate limit of paroxysmal tachycardia ot 125 per ming _.
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Paroxysmal Atrial Tachycardia

pessmal Atrial Tachycardia (PAT) is caused by the sudden, rapid finng of
¥ ir wable® atrial automatioity focus, You may see the beginning of this
o only otcasionally, so become familiar with its general appearance.

bemal Atrial Tachycardia has a rapid heart rate that orlginates

B i a very imitable focus inone of the . The rate atria
susually 150 w 250 per minute, so it overdrive-suppresses

§ e and all other astomaticity foci.

arigin of this lachyvarrhythmia is a very irritable
s, the atrial depolirizations of PAT are _ waves P
mot ook like the Sinus-generated P waves.

spolarization impulse from the rapidly-pacing; irritable
_ focus depolarizes the atria-and then is conducted atrial
the e ventricular conduction system 1o the ventricles,

" I_nurmnl appeanng P-QRS-T cycles,

A premature stimulus from another focus may set off PAT.

BRIy review page 125,
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PAT with (AV) Block
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* rapid rate, spiked P’ waves
* 2:1 ratio of P':QRS

Suspect digitalis excess or toxicity.

Poevoayinil Ateial Tachyeardia with AV block has more than one P wave spike
every QRS response. Suspect digitalis excess or toxicity: atnial foci are very s
to the irritating effects of digitalis preparations,

Note: Excess digitalis can provoke an atrial focus into such an irritable
state that it suddenly paces rapidly. At the same time, digitalis
markedly inhibits the AV Neode, so that only every second stimulus
conducts to the ventricles (every-other atrial stimulus is blocked in the
digitalis-inhibited AV Node),

PAT with block® is a tachyarrhythmia that has two P’ waves
for each QRS response on EKG, because the blocks A
the conduction of every-other atrial stmulus.

PAT with block is usually » sign of | excess or loxicity,
particularly il the patient his o low serum polassium, so careful
administration of intravenous potassium can help. Also, digitalis
antibodies can be employed to reduce toxicity,

* The “AV™ {s sometimes omitted, but is always understood.
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Paroxysmal Junctional Tachycardia
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ysmul Junctional Tachycardia (PIT) is cansed by the sudden rapid pacing of
ey irritable automaticity focus in the AV Junction, The Junctional foces may
ddenly mitrate tchycardia pacing, because of niarked irritability induced by
ants andfor by a well-timed premature beat from another focus,

vamal Junctional Tachycardia is du¢ 1o a very irritable® focus
AV Junction that paces at the rate of to 250 per minute. 150

A mapidly pacing (imitable) Junctional focus may also
larize the atria from below in retrograde fashion (o record:

an inverted P immediately before cach upright QRS, or (see illustsation
an inverted P aflter each upright QRS, or page 132)
can inverted P buried within each QRS (difficult to detect ).

: Each stimulus from a rapidly pacing (irritable) Junctional focus
iy occural atime in the-cyele when the Left Bundle Branch has fully
olarized (i.e,, recovered from its refractory period), but the Right
ndle Branch is still refractory (in some patients, the reverse ocours).
a result, this abervant ventricular conduction depolarizes the left
entricle before the right. w0 produce somewhat widened QRS’s during
tachyeardia.

O more Inok at page F23, and 'l pever bother vou again.

15
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Paroxysmal “AV Nodal
(AV) Junctional Re-entry”
Tachycardia

--. ..\-‘ ¥
AV Node
s '

Anather type of Junctional Tachycardia is AV Nodal Reentey® Tachyeardia
AAVNRT), In theory, a continuous recntry cireuit develops (which includes
the AY Neode and the lower atria) and rapidly paces the atria and ventrickes,

Nowe: A theoretical “reentry circuit” may continuously circle (like
perpetuil motion) theough the AV Junctional region, giving off a
depolarization stimulus (o the atria and to the ventnicles with each
pass in the cireuit, This is “circus reentry,” an aptly named tachycardia
that looks suspiciously like PIT.

Note: In AVNRT, each pacing stimulus first records from an origin
near the coronary sinus — an ared loaded with actomaticity foci.
Although the putative reentry circuil includes a broad area around
the AV Node, only catheter ablation of the focus-laden region can
successfully eliminate this tchycardia (very suggestive of focal
automaticity origin). Dogmatic loyalty to this theoretical reentry
madel persisis. The jury 1s still out,

* Propounced “ree-EM-tree”,
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Supraventricular Tachycardia

bery irmitable® automaticity food that produce both Paroxysmal Atral
serdia and Paroxysmal Junctional Tachyeandia oniginate above ihe ventricles,
g arthy thmias are known as Paroxysmal Supraventricular Tachycardia,

semricular tachycardia (the word “paroxysmal™ is often

8 is 2 general term, which includes both PAT iind PIT
= “supraventricular” imparts the undérstanding that all atrial
all Junictional foci are above the : ventricles

Faroxvsmal Atrial Tachycardia can be so rapid that the
b run into the preceding T waves to become indistinguishable.
sen miake differentiation between PAT and PIT very difficult,
e reatment for both is so similar, the umbrella term
Beeniricular Iﬂﬂh}’c&r‘di.l (SVT) suellives, and further distinction
 the two s unnecessary, Certain conditions may widen the
: h SWT. so it may then resemble Ventricular Tachycardia

g2 ).

am atriaf or Jupctional focus is oaade imitable by adrenergic stimulants, but b focus
8 further provoked into tachycardia pacing by o premature stimuliss from another
= foc s,

|53
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Paroxysmal Ventricular Tachycardia

150 - Eﬁufmin.

a very irritable
vnntrb: arr focus paces rap‘iu:ltgr

Paroxysmal Ventricular Tachycardia (PVT or VT3* is produced by a very irmitad
ventncular suttimaticity focus that suddenly paces in the 150 (o 250 per minute
range. It has o charactenstic pattern of enormous, consecutive PVC-like complexess
Please conscientiously review page 134 now.

Paroxysmal Ventricular Tachveardia originates suddenty
n a very ventricular automaticity focus, i
producing a (ventricular) rate of 150 - 250,

Sudden runs of Ventricular Tachycardia® resemble
a rapid seres of s {which in reality, they are).

Note: Dunng Ventncular Tachycardial the SA Node stll paces the
atria, but the large, dramatic ventricular complexes hide the individual
P waves that can be seen only occasionally. So, there is independent
pacing of the atria and the ventricles. .. o wype of AV dissociation.

* The " Pareecwsimal™ s olten beft off, 20 *Yemnoular Tachycardin™ or VT
are sed commonly.
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S Ventricular Tachycardia, the SA Node continues o pace the atris (A

Station ). but an occastonal atrial depolasizition catehes the AV Node in 4
s state. and then this depolarization stimulus conducts to the ventricles,

enally (during V'T), one of the regular (Sinus-paced)

sepolarizations finds the AV receptive 1o Node
Ezation and. ..

lus passes through the AV Node 10 depolarize
mncies via the ventricular Sysiem. condugtion

O pecasion during VT, & (Sinus-paced) depolanization stimulus
= atria finds the entire ventricular conduction system receptive
Earization and produces a normal-appearing QRS ( capiire beat)
st of the ventricular tachycardia. More commenly during VT,
‘depolurization finds a receptive AV Node, but ventricular
Bzation only proceeds so far before it meets ventricular
Ssation progressing from the ventricular focus. This produces a
i, which is a blending on EKG of a normal QRS with a PVC-
spen (see illustration). The presence of “Captures™ or “fusions™
e diagnosis of Ventricular Tachycardia, because they could
- - “_
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Runs of Venticular Tachycardia

Runs of (Paroxysmal ) Ventricular Tachyeundia may signify coronary insufliciency
{ischémin) or other causes of cardise hypoxia that make o ventricular avtomaticnty
focus very irritablc.

Ventricular Tachycardin appears like o run of '

Paroxysmal Ventricalar Tachyeardia often indicates _
COFONAry , CAUSing poor oxygenation insufficic
of the hean (and ventricular foci), For other causes of

cardiac hypoxia see page |34,

Note: This rapid ventricular rate suddenly érupts from an irritable
(hypoxic) ventricular focus. The rapid rate is wo Fast for the hean
o function effectively, particularly in the elderly with compromised
coronaries, 1t should be treated quickly (but cautiously ) in patients
with a myocardial infarction.

Caution: A rapid (Junctional or atrial) Supraventricular Tachycardia
with aberrant conduction can produce a tachycardia with widened
QRS's that mumies VT, Also, pre-existing Bundle Branch Block with
SVT will widen the QRS complexes to give the same impression,
NEVER give medications for SVT to a patient with VT,
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Distinguishing
Wide QRS complex SVT from Ventricular Tachycardia
Wide QRS Com Ventricular
Helpful Clues T e Tachycardia
Patient with coronary
di or Infarcti uncommaon very commaon
: greater
Sh Widbyirdration) 1hant?:: sec. than .14 sec.
AV dissociation showing
captures or fusions rare yes
Axis:
Extreme Right Axis Daviation rare yes

(R.A.D., see page 231}
few clues and good judgement can help you distinguish between VT and wide
DRSS complex SVT (with aberrant ventricular conduction), Begin with the history,
aed geta 12 lead EKG.
e patient with VT is most likely elderly and suffering

m diminished coronary blood . reducing the [Mow
gen supply to the ventricular foci.

_pf AV dissociation (e.g., presence of fusions ar caplures,
Extreme R.A.D. (90" to -180°) are characteristic of __. VT

te: I the QRS complex cin be measured with accuracy, the QRS
= 5VT, even if widened by aberrant ventricular conduction, is usually
4= sec, of less in duration. However the ventricular complexes in

1 are very wide, 14 sec. or greater. There are many criteria for
Ssnnguishing VT from SVT with aberrancy, but probably the most
table W date are in:

Srugida et al: The differentinl diagnosis of a regular tachycardia with a
i QRS complex on the 12 lad ECG. PACE 1994 Vol [T 1515-1524.
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Torsades de Pointes

Torsades de Pointes ts a pecoliar form of (very) rapid ventricular rhythm cansed
by low potassivim, medications that block potissiim channels, or congenital
abnormalities {e:g., Long QT syndrome), all of which lengthen the QT segment.
The rate isa variable 250 10 350 per minute. usually in brief episodes,

Note: Torsades® de Pointes méans “twisting of points,” which refers

tex the series of ventricular complexes that are upward-pointing

then downward-pointing in & repeating continuum. In 1966, Dy, F,
Dessertenne presented the first scientific description of this archythmia.
He theorized that it was caused by two competitive, irritable foci in
different ventricular areas — an explanation that seems quite plausible.

The rate of this arrhythmia is 250 1o per minute, but
fortunately it wsually oceurs only in brief self-terminating
bursts, for at that rate there is no effective ventricular pumping.

Note: On ERG, the amplitude of each successive complex gradually
increases and then gradually decreases, so when viewed as a whole, the
general outline or silhouette of the tracing looks like a series of end-to-
end spindle shapes. Some say the tracing outline resembles a twisted
ribbon. If unresolved, it can lead 1o a deadly arrhythmia,

* This 13 the comect spelling: dom't forget e ™5™ at the-end of “Torsades”, even though itis
nast pronedinced.
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originates inan atrial satomaticity focus: The rapid succession of

s-to-back utrial depolarization waves, “flutter” waves, suggest a reentry

avieets Cute i st qurnprani o, Uhe, vass gagey,

al flutter an extremely irritable atrial sutomaticity. focus
& a rate of 250 to 350 per minute, producing a rapid
of _ depolarizations.

Jn EKG, atrial fuiter is characterized by consecutive,
cal “flutter” waves in rapid back-to-back succession,
Saseline appears 1o vanish between the back-1o-back flutter
. and because the waves are identical, they are described
sing the appearance of the teeth of asaw or a “saw tooth”
me. Turn back to PAT with (AV) block to make sure that
scoznize the difference,

Ihe AY Node has a long refractory period, so only one
e of flutter wavies conducts to the ventricles, Therefore,
ey rapid series of atnal depolarizations cannot drive the
25 at the same excessive rate; perhaps only one of two
amonly, one of three, as above) atrial depolarizations
= the ventricles in atrial Mutter,

atrial

|59
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Identification of Atrial Flutter
may require inverting the tracing...
Inm'[_ud I:rm:ln_g

|iELliE e b § =
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...or employing a vagal maneuver. mnnagu.w

e
e 4

Inverting o tracing of suspected atrial flutter can help in its identificanon:
Also, vagal maneuvers.can be an-effective diagnostic aid (see page 61.)

When in doubt about atrial flutter, inverting the tracing
may be helpful.

Note: With atrial flutter there may be a rapid QRS response rate,
paricularly in 2:1 ratios (fluter waves:QRS response), masking the
flutter waves. Yagal maneuvers increase AV Node refmctonness,
allowing fewer futter waves 10 be conducted 10 the ventricles. This
produces & longer series of flutter waves that are easier (o identify.

Note: The “Maze™ surgical procedure cuts (and resutures) the atrig
into a maze of channels that provides a continuous pathway from the
SA Node to the AV Node. This procedure eliminates any possibility
of reentry circuits: Yet a study of patients recovening from the maze
procedure, revealed that 47% developed atrial flutter {or atral
nibrillation) postoperatively, This raises considerable doubt that

the origin of atrial futter could be reentry.
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entricolar Flutter is produced by o single ventricular automaticity focds firing
(8¢ an exceptionally rupid rate of 250 to 350 per minute. It produces a rapid serics
oo smoath sine-waves of similar amphtude,

'--L icular flutter 1s caused by a highly iritable ventnicular
sus that is desperately discharging at a rate of 1o 250)
per minute, 350

Be ventricular rate in ventricular flutter is so rapid that the
, hardly have enough time 1o fill - even partially, ventricles
@ this arrhythmia rapidly deteriorates into a deadly arrhythmia,

= simooth -wave pattern of ventricular futter is its sine
stinguishing characieristic,

Wole: Ventricular flutter produces a rapid series of smooth sine-waves
‘o similar amplitude, whereas the waves of Torsades de Pointes get
progressively larger, then smaller, producing a general outling of
connected spindle shapes (page 158). Ventricular Flutter rarely
self-resolves and is nearly always a prelude to a deadly arrhythmia. .,

€ Hext page.
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Ventricular Flutter

= inta Ventricular Fibrillation

True ventricotar lutter almost invariably deteriorates into ventricular fibrillation,
which requires immediate Candio-Pulmonary Resuscitation and deftbrillation,

Note: During ventricular flutter, the ventricles are contricting ot an
alarming rate. The above (separited but continuous) tracing shows
ventncular flutter at-a rate of about 300 per minute, which is five
contractions per second. Blood is a viscous fluid, and the vemricles
cannot properly fll {and empty) at o rate of 5 times per second; in fact,
they hardly fill at all. For this reason, there is no effective cardiac
output. Therefore, the coronary arteries are not receiving blood, and
the heart itself has no blood supply, Ventricular Fibrillation ensues,

as many profoundly hypoxic ventricular automaticity foci desperately
Iry 10 compensate. .. in vain. '
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Practice Tracing
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moaitored paticiit becane very concémed-about o sudden pounding in his chest.

e history and the rate (which you determined by observation),
g identify the rhythm as a paroxysmal tachycardia
o, we' Il determime the causative irritable :iulﬂmalml}' focus,

sause this paroxysmal tachycardia has namrow, normal

Ring ORS's, it could not have originated in an irritable

. focus; therefore it must be some type of veninicular
raventricular achycardia.

jere appear 1o be P waves present, so we are probably dealing

5 an automaticity focus in the . You have already ruled alria
(& Junctional focus, because any retrograde dcpﬂl-tn.tatlum

% it might have produced, would record as invered P* waves

siich are usually adjacent 1o the QRS when they precede i),

ote: This is Paroxysmal Awial Tachycardia (PAT), and because.
- _h F wave produces a QRS response, it could not be PAT with
k. Quickly review the illustrations for the paroxysmal tachyeardias
=nd flutter before we go on. Take your time.
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Fibrillation
multiple foci discharging rapidly

a?w /min.

or

“Fibrillauon” is a totally erratic rhythm caused by continious, rapid rate dischirgs
from numierous automaticity foct in either the atria or in the ventricles,

Note: Fibrillation is caused by rapid discharges from numerous
profoundly irritable automaticity foci in the atria (Atrial Fibrillation).
or due o numerous profoundly irritable foci in the ventricles rapidly
discharging (Ventricular Fibrillation). Both tvpes represent a
pathological condition: these irritable foci all suffer (rom entrance
block. so they are parasystolic. Since they cannot be overdrive-
suppressed, they all pace rapidly at once. The resulting rhythm

s 50 ematic and uncoordinated that distinet, complete waves

are not distinguishable, thus rates are impossible 10 determine.

The involved chambers merely twitch rapidly.

Note: The “rate” 350 to 430 per minute is not & true rate; since iy
oF the foci discharge simultaneously, The number and the tachy-rite of
individual foci is conjectural. The range of “rate™ is more relative and
hypothetical than real, becuuse fibrillating chambers do not effectively
pump at all.
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Atrial Fibrillation

- Fibrillation (AF) is cawsed by many imitable paoasystolc atraal foct (with
block) firing at rapid rates, producing an exceedingly cupid, erratic atrial
n. The atrial “rate™ js 350 1w 4350 per minute. Notice the irregular ventncular

A, i

g fibrillation occurs when many irritable atrial foci” fire
@lly, but since they are parasystolic, none of them can be

Scessively rapid series-of liny, ermatic spikes on ERG.

e Because so many atrial foci-are rapadly firing, no single
Pola ization spreads very far. Only a small portion of the atna
gep nlarized by any one discharge from an atrial focus,

=t solarizations from foci near the AV Node conduct to the
sntricles, producing a very irregular ventricular thythm.

e rhythm strip, page 351.

fe: With a Normal Sinus Rhythm, each pacing impulse that the

WA Node penerates spreads through the atria like an enlarging, circular
ey much like a pebble dropped into a pool of water. However, the
pultiple ervatic depolarizations of atrial fibrillation are analogous to

g ran shower siriking the same pool.

vl fibrillotion 15 ussally initiated by parmsysiolic focl i the
palmonary vein ostin of the lefl alnum.

ve- lhr:;-r all rapidly pace at once to produce suppressed
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Atrial Fibrillation

Amnal Fibrillation often appears a8 a wavy baseline without identifiable
Por P waves, The QRS reésponse is ol regular angd may be Gist or slow.

Atrial Fibrillation may cause such small, ermatic spikes that it
appears like a wavy baseline without vistble __ waves
{and without distinguishable P waves either),

Note: Only discharging foci near the AV Node can (occasionally )
stimulate it, but the AY Node sorts out a normal ventricular mte.

The AV Node is irregularly stimulated during atrial fibrillation,
s the (QRS) response 15 rregular. On EKG,
you may see only random QRS's (see illustration), so the pulse
is irregular also.

Note: With Atrial Fibnllition, the ventricular rate depends on the
AV Node's duration of refractoriness after it is stimulated. During AF,
the AY Node vsually allows a relatively normal range of ventricular
rate, ulbeit always feregular, Sometimes the AV Node permils an
increased number of depolanzation stimuli to pass through, producing
a rapid ventnicular rate that may require pharmacological control,
Always determine the ventricular (pulse) rate (QRS's per 6-second
strip times 10) and document i, If the ventnicular rate is out of a safe
range for the patient, it should be treated appropriately.
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Ventricular Fibrillation

scular Fibrillation (VF) is caused by rapid-rite discharges from many
Mo, parsystolic ventncular automaticity focl, producing an erratic, rapid
12 of the ventricles {ventncular “rate’” 15 350 w 450 per minute).

salar Fibrillation is due to numerous parasystolic ventricular

sng rapidly (each of them suffering from entrance block,

& cun not he -suppressed); this produces an overdrive
g twitching of the ventricles.

g there so many ventricular firing rapidly, foci
e repeatedly depolarizes only a small ared of ventricle
=ailts in a rapid, ineffective twitching of the ventricles.

evatic twitching of VF has been called a “bag of worms,”
= i the way the ventricles actually appear. On EKG the

£ &5 totally erratic, withouwt identifiable cand the wives
peies do not provide mechanical pumping. Emergency!
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Ventricelar Fibirillarion is casily recognized by its totally rratic appearance
of any identifinble waves an the electrocardiogram.

Mote: These three strips are from o contimuous-tracimg of the same
patient’s dying heart. Notice how the amphitude of the deflections
diminishes as the heart dies,

We recognize Ventricular Fibrillation by its completely erratic
appearance on the EKG tracing. Even with large deflections,
there are no identifiable

There is no predictable pattern with _ e
Fibrillation. As yvou can see, it looks different at every
moneent, but it is soerratic that it is difficult o miss,
think Goodness!

If you do recognize any repetition of patlern or régulanty
of deflections, vou probably are not dealing with __ __.
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tar Fibnilation i a type of cardiae arress. for théne i=no pumping action
e heart; this is o dire emergency! VF requires immediate CPR and defibrillation,
B coane type of electrical defibrillator,

fricular Fibrillation is @ type of cardiac . There is no arrest
sive cardiac output, because the ventricles are only twitching
Bcally. There is no ventriculidr pumping, so there s no circulation,

£ VE requires immediate defibrillation. Cardiac Arrest is an
erzency that demands immediate imervention, Cardio-Pulmonary
succitation (cardiac massage and assisted respiration) is carried out
barder 1o circulate oxygenated blood by external mechanical means.
e technique of CPR was originally taught only to hospital and

: mlance personnel, but it is imperative that évery person master

8 technigue, Only when CPR skills are universally known, can all
smx of cardiac arrest get immediate lifesaving care at any location.

& There are two other types of cardiac arrest, Cardiae Standsall
'- stole™) occars when there is no detectable cardiac activity on

R, This is a rare cirgumstance when the SA Node and the escape
gchanisms of all the foci at all levels are unable to assume pacing
sponsibility. Pulseless Electrical Activiry (PEA) is present when a
g heart produces weak signs of electrical activity on EKG, but

¢ moribund heart cannot respond mechanically (no deteciable pulse).
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There sire now computenzed defibrilkstors that can detect Ventricular Fibrillation am
immediately deliver a defibrillating shock. One tyvpe. the AED, is-a pm-l.mlr unit- tha
can be operated by the public. Another type, the 1CD. is a small unit that is implan
under the chest skin 1o automatically defibrillate appropriate patients as necded.

Note: The Automrated External Defibrillaror (AED) is a small
portable unit. When its electrodes are placed on the chest of an
unconscious person. il is programmed o identify VF and deliver
# dehibrillating shock.

Note; The mplantable Cardioverter Defibrillator (1CD) is implanted
under the chest skin of patients hkely (o develop Ventricular
Fibrllation. Wire leads from the ICDY are attached (o the heart 1o detect
VF and deliver a defibrillating shock. This mini-computer can also
wentify other archythmias and weat them with timed electrical stimuli,
and it can pace if a bradycardia ensues, A technological wonder!

Please review all “fibrillation™ illusirations,
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Wolff-Parkinson-White Syndrome [y

depotarization begins
here, producing a delta
wave an EKG.

b

bnormial, aceessory AY conduction pathway, the burdle of Kenm, can “short

2" the (wsual) delay of ventricular conduction in the AV Node, This prematurcly
arizes (pre-excites™Lu portion of the ventricles (producing a delta wave on

30 just before normal veniricular depolarization begins.

=sory Bundle of causes veniricular Kemt
ation in Wellf-Parkinson-White ( WPW) syndrome.

Bt wave credates the illusion of a “shortened”™ PR interval
engthened” QRS. The delta wave sctuaily records the

Ssization of an ared of pre-exgitation. ventricular

¢ WPW syndrome is very important because persons with such an
p:ll]'m ay can have paroxysmal tachycardia by three possible

Spid conduction — supraventricular tachveardia (including atrial flutter
atrial fibrillation) may be rapidly conducted -1 throwugh this aceessory
Evay prodlucing dangerously high v;nlnr.ular rales,

s kent Bundles have been found to contain astomaticity foci
8 can initiate o paroxysmal achyecardia,

=eniry — véntricular dfpuld.rimlitm miay immediately restimulate
alria in g retmgmdc fashion via the accessory pathway causing
' tical cirous re-entry loop.
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Lown-Ganong-Levine (LGL) Syndrome

In patients with LGL syndrome, the AV Node is bypassed by an extension of
Amterior Internodal Tract. Absent the copduction delay in the AV MNode, this “Jum
bundle” condicts atrial depolarizations directly to the His Bundle without :In:l;iar_
can pose & senous problem with rapid atrial drrchythmias like atrial fluner.

Ordinarily the AV Node filters rapid supraventricular rates,
i order W transmit depolarization to the al
a physiologically reasonable rite,

Absent the filtering effect of the AV Node, patients with
LGL syndrome can transmit rapic atrial rates directly (1:1)
to the His Bundle, drving the ventricles a1 very rales.

With this syndrome, the AV Node is bypiassed by the
damex traet; sohere 15 no significant PR interval delay:
the P are adjacent to their QRS s on the EKG.

Naote: You may now review Ritvthm, Part [ by tuming 1o the
Personal Quick Reference Sheets on page 336-338, and relate this
1o the simplified methodology that is summarized on page 334,
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[iors Yo begin; 166k w1 this Shagber's SUmTRATY on pages 354 and 538,

Blocks
* Sinus Block

= AV Block
= Bundle Branch Block

* Hemiblock
(begins on page 295, Chapter 9)

ook setand or prevent the conduction of depolarization; they can occur in the SA
Roscke, the AV Node, or in the Inrger divisions of the vemtricular conduction system,
e cenceal public and the media often refer to them as “heant blocks”

scks may develop in any of these areas: the SA ____, MNode
e AV Node. the His Bundle, the Buadle Branches. or in either
the two subdivisions of the Left Bundle Branch (Hemiblock).

hese are blocks of electrical conduction that prevent
S retard ) the passage of stimuli. depolarizution

Rote: When examining the rhythm on a tracing, alwayy check
o all the varieties of block, because the same patient can have
mare than one type of block.

173
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Sinus Block
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An unhicalthy SA Node (Smus Node ) may temporanly Enl o pace forat beast one
evcle, this is Sinus Block, then the SA Node resumies pacing. Notice that the misse
eycle his no P wave: o very important feature,

With Sinus Block (also called “5A Nade Block™ or simply
“SA Block™), an unbealthy SA Node* stops its pacing activity for
at least one complete . 50 the block is usually transient.

Ader the pause of Sinus Block, pacing resumes st the same rate
tand timing) as prior tothe block. The SA Node resumes its pacing
responsibility in step with its previous rhythm. However, the
pause may induce an ¢sgape beal from an automaticity :

Note: The P waves before and after the pause are identical,
since they onginate in the SA Node, The SA Node continues

1o generate atrial depolarizations with the same timing as before
the block, However a long pause - may clicit an escape beat from
an automaticity focus before the SA Node can resume pacing
{sce pages 119-121),

* Some experts claim that the SA Node does generate i stimulus, but thai it i blocked
from keavamg e SA Node, This s referred 10 as Siees ' Exn ™ Block,
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Sick Sinus Syndruma
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Sick Sinus Syndrome (5535) is a wigtebasket of arfhythmias caused by SA Node
ction assoctated with unresponsive supravenincalar (atral and Junctional)

5 _"maul::l.}- foci, which are also dysfunctional and can’t employ their normal escape
‘mechanism o assume pacing rﬂpml-a:bihw

e: Sick Sinus Syndrome most often oceurs in elderly individuals

o have heart disease. It is vsually characterized by marked Sinus
dyeardia, but withoot the normal escape mechanisms of atrial and
Junctional foci, S58 may also present as recurrent episodes of Sinus
Block or Sinus Arrest associated with faulty {or absent) escape
echanisms of all supraventricular foci,

Sl Because of the exclusive parasympathetic imnervation 1o the
SA Node and all supraventricular (atrial and Junctional) foci, excessive
parasympathetic activity depresses the pacing rate of the SA Node,

i depresses the atrial and Junctional foci as well. Therefore, young,
weulthy individuals (e.g., conditioned athletes like marathon runners)
sho often have parasympathetic hyperactivity at rest, appear to exhibit
oavincing signs of 5585 (“psendo ™ Sick Sinus Syndrone),

Patients with $55 may develop intermittent episodes of SVT
times even Atrial Flutier or Atral Fibritlation) mingled with the
Bradycardia. This is Bradveardia-Tachycardia Syndrome,
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AV Block

1° (first degree) AV Block
2° (second degree) AV Block

3° (third degree) AV Block

AV [ Atrio-Ventricular) blocks cither retard or climinate {or both!) conduction from
thes aitrra to the veniriches,

Minor AV blocks lengthen the briel pause between _
atriad depolarization and ventricular i depolarizati

Most AV blocks completely block some (or all)
supraventricular impulses from reaching the

Mote: The AV blocks are:

« first degree (1") AV block
{lengthens the delay between atrial and ventricular depolarization)

= second degree (2") AV block { Wenckebach and Maobitz types)

* third degree (3") AY block (completely blocks the conduction
of atral stinwali 1o the ventricles)

Note: Whether “first degree” is written out or the shorthand notation,
1%, is used; both have the same meaning, This book will alternately use
both methods for all degrees of AV block, since you will see both in
the curremt literature. Although it is currently popular to omit the “AV"
it is always understood.
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1° AV Block
(prolongs AV Node conduction)

2 5ec. -
PR -
PR interval more than .2 sec. indicates 1° AV block

-

' First degree (1%) AV block retards AV Node conduction, prolonging the PR interval
- mare than one large square .2 sec.) on ERG,

Wote: Technically, a “segment” is-a portion of baseline, while an
“interval™ contains at least one wave. So the PR interval includes the

- Pwave and the baseline that follows, up to the point where the QRS

" complex begins. Therefore, the PR interval is measured from the

- beginning of the P wave to the beginning of the QRS complex.

delay caused by 1" AV block prolongs the __ interval. PR

ihe PR interval normally should be less than one large square,
which is less than ___ second. 2 {2110y

Note: You must observe (and record) the PR interval for
“every EKG. Some kind of AV block is present, if the PR
~mterval is longer than ane large square anywhere on an EKG.
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Once you recognize a prolonged PR . you
should determine the type of AV block that is present.

Some type of AV block is present if anv PR interval is
longer then ___ second, anywhere in the tracing,

A 17 block® is present when the PR interval is consistently
prolonged the same amount inevery
sequence is normal m every eyele also,

Chagter 6 Rhythm. Par 1]

1° AV Block

PR remains consistently lengthened cycle-to-cycle.

A first digree {170 AV Block 15 charscterized by o PR intervil grester than .2 second
tone large squarc), The PR prolongation is consisient in every cyvcle.

. and the P-QRS-T

* Whenever you hear * 1% block.” unclerstand that it means 1% AV block.”
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2° AV Blocks

Wenckebach

:'II: -__:fw_ Te |3 —

‘His Bundle /

Right Bundle Branch ——
Left Bundle Branch

Esegree AV blocks allow some atrial depolanzations (P waves) o conduct
atricles (producing a QRS response), while some atrial depolarizations are
8. leaving lone P waves without an associated QRS. There are two general

Th ere are two ypes of 2° AV blocks:

= Siocks of the AV Node are “Wenckebach*” (formerly called “Type Uy,
Bey produce a series of cyeles with progressive blocking of AV Node
= tion until the final Pwave is totally blocked in the AV Node,
shminating the QRS response. Each repeating Wenckebach series has a
soesistent PXORS ratio like 3:2, 43, 5:4. etc. (one less QRS than P waves
B the senes).

: M _nlfrilx" {formerly called “Type 1I"). They usvally produce a series of cycles
sonsisting of one normal P-QRS-T cyele preceded by a series of paced P
seaves that fail to conduct through the AV Nuode (no QRS response). Each
sepeating Mobite series hos & consistent PRQRS rao. like 301, 4:10 501, et

g Don't be intimidated by these deseriptions, once you sce the
ags on the next few pages, you will understand immediately.

Senounced WINEY-bok™
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“Wenckebach” 2° AV Block

series ruputs_

missing

Wenckebach 2° AV block occurs in the AV Node, On ERG, the PR interval
gradually lengthens in successive cycles, but the last P wave of the senies Lals o
conduct o the ventricles {the final P lacks a QRS response). This series repeats:

On EKG, Wenckebach (2° AV block) gradually prolongs the
PR interval in esch successive eyele, until the fimal P wiarve of the
series fails o produce a response (“dropped QRS™).

Each P wave and its associmed QRS get progressively Tarther
apart in successive cyeles; the last P wave stimulus (totally
blocked in the AV Node) stands alone at the end of the series.
This typical Wenckebach pattern (“footprint™) consists of
anywhere from two to erght or more

MNote: Wenckebach is usually located in the AV Node, Wenckebach is
sometimes caused by parasympathetic excess (inhibits the AV Node) ar
drugs that mimie or induce parasympathetic effects. Carefully eXaAming
EKGs for this characteristic, progressive lengthening of the PR in
consecutive cycles, ending in a final lone P wave (see page 329,

Repeating short series of Wenckebach footprints can produce |
“group beating” that looks somewhat like couplets of premature beats.
Don’t be fooled. '
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“Mobitz" 2° AV Blocks

2:1 Mobitz AV block

aps T

s e

3:1 Mobitz AV block

Mobitz* 2° (AV) Block totally blocks a number of paced atrial depolanzations.
Pwaves) before conduction 10 the ventricles is successful, This produces 2:1
wo P owaves to one QRS) or 321 (three P waves o one QRS ) or even higher
AV ratios. The series repeats. Mobitz is 4 serious problem: notice the extremely
Stow ventricular ratex, which may produce loss of consciousness (syneope),

Wibitz (2° AV Block) may appear (al i normal Sinus gite)
dwo P waves o one response, often refermed to as JRS
AV block™ (orsimply “2:1 block™),

Soie: Mobitz sometimes blocks three minial depolarizations

SF waves) producing a single ventricular response (QRS): this is

- itten “3:1 AV block.” or just “3:1 block™, which describes the
smcchanism of conduction, Podrer conduction ratios (e.g., 4:1, 5:1, eic)
w2late 10 increased severity of the block and are sometimes called
advanced " Mobitz block,

farning! With Mobite, every cyvele that is-missing its QRS has
2 rezular, punctual P wave — but never a premature P wave
Ssec Note, puge 1285, This distinction is critical!

® Previously called “Type 11" ar “Mobite 11"
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2:1 AV Block
Wenckebach vs. Mnhitz

Most likely Wenckebach... > & __;;

if the PH Int:rvul is lung‘thnnﬂl
but the QRS is normal.

L
=

a; f?‘i :E g :@;
wost kly Mabitz... £ 0 B~

if the PR interval is normal,
but the QRS is widened.

Both Wenckébach ind Mobits hive missing Cdropped”) QRS’s, so how can we &
differcniiate between 2:1 Wenckebach and 2:1 Mobitz? Wenckebach is considens
innocunus and Mobitz s considered pathological, so we should dilferentinle.

Note: On EKG, a 2:1 AV block could be a short, two-cycle
Wenckebach. For example, if the first eycle is fairly normal but in the
second eyele the PR lengthens just enough o prevent conduction
through the AV Nade, this is 2:1 Wenckebach, But by ns- appearance
alone, mast of s would probably interpret (comectly ) a 2:1 block as
Mobitz. Perhaps the following will help...

Becatise Wenckehach commonly originates in the AV ____.
2 2:1 AV block of this origin often has an initial lengthened PR
with no wide QRS pattern® (typical of Bundle Branch Block),

But since Mobitz originates below the AV Node, in the His Bundle
or the Bundle Branches. we recognize that it often has a normal PR
with a widened {Bundle Branch Block) pattern.®

Note: Since differentiating betweéen these two types of 2:1 AV Block
is clinically very important, we may need to employ bedside dingnostic
technigues to make the distinction (next page).

* Thie wide QRS paien, typical of Bundle Branch Block, is soon expliined {pages I
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2:1 AV Block
Wenckebach vs. Mobitz

maneuver

er 1o differentiate between the two.

'- .u;l: is nichly supphed with parasympathetic
on, sovagal ___ inhibit the AV Node,
g it more refractory.

e, vagal maneuvers increase parasympathetic
b of the AV . increasing the number of
Series to produce 3:2 or 4:3 Wenckebach,

2:0 block is Mobitz (i.e., the Block is in the ventricular

iz 1:1 AV conduction, or they have no effect.

). vagal maneuvers either eliminate the block,

el _3:2 Wenckebach

X _ nck ) is important clinically. In order 1o determine which type of 2:1 (2% AV)
patient has, we can carefully employ vagal maneuvers (see page 61),

o '_ ) bas eriteria (i.e.. for PR length and QRS width) that fit both
ebich-and Maobitz, This may require the judicious use of a vagal

RINCUYCIs

Moude

System

I53
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On every EKG check:

1. PR Interval

* increased consistently in 1° AV block
* progressively increases in each series
of cycles with Wenckebach

« totally variable in 3° AV block
* decreased in WPW and LGL syndromes

2. P without QRS response
» Wenckebach and Mobitz 2° AV blocks

» 3% AV block - independent atrial and
ventricular rates

Let's take a moment tosee why routine EKG examination requires both checks
PR interval and looking for £ wandes missing thefr QRS response. Routingly ¢
these two parameters can réveal the enfire spectrum AV conduction problems.

A prolonged PR interval can alert you 1o the existence
of 17 AV block, 2% AV block, and 3° AV

An EKG with P waves lacking a QRS response
can expose 27 AV blocks and 37 ___ block.

Nate: Let's pause 10 contemplate how these two diagnosic parameters
relate 1o cach type of AV block. Really, take o moment and try this. I1's
not just a meaningless exercise, You have consumed a great deal of
practical knowledge about AV blocks, Now you Can easily detect these
biocks by checking both parameters on every EKG yvou sce. In each
instance, you should eonsider not only the anatomical origin of the
problem, but 1ts prognostic significance 1o the patient as & person,
Congratulations on your progress; vou should take pride m vour
knowledge.
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Practice Tracing

=4 | |

stamining physician noticed that o patiemt had an irregular pulse. The doctor was
sed 10 feel a group of three pulse beats followed by o pause, and this group
g seemed (b repeat over and over. Let’s share the patient’s EKG.

swan the PR srervals and discover that the
eie has a PR interval that exceeds .2 sec.,
spect some Kind of ___ Block. AV

poking for £ waves thar fack a QRS response,
g= a lome P wave with no response following QRS
somplete cycle,

bee examination, we see that the PR interval
at fiest, but becomes progressively longer
successive cyele. We now recognize

block. Wenckebach
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37 block is a complete block that prevents sinus-paced
atrial depolarizations from reaching the

eliminate to the ventricles,

Chapter fi: Ehythim, Part 10

Complete (3°) AV Block

When the conduction

of supraventricular
depolarizations to the
ventricles is totally blocked...

$ : =
'E.-'rE. GF»EE £ = """_":‘:ﬂ"-r
%%E E%E@Eﬁ@ﬁ@ Emmﬁ mmmﬁﬁug'
an automaticity focus escapes to pace
the ventricles at its inherent rate.

Complete (3°) AV block is a total block of condwction to the ventricles, so atnai =
depolarizations areé sof conducted (o the venimicles. Therefore, an automaticity fooss
below the complete block escapes to pace the ventricles at its inherent rate.

A single block of the AV Node or the His Bundle can bé "complete,”
but more distally in the ventricular conduction system, there
must be complete blocks of all subdivisions (branches) o

Absent paced depolanizations from above, an automaticity
focus below the complete block escapes 1o pace the
ventricles ot its inherent

Note: The location of the escaping focus depends on the location
of the complete (3°) block. Next, let's Jook at the possibilities,
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Forms of Complete (3°) AV Block
.‘yl.uncﬂunm foci | ¢
spared -
N |
. g | i
==
-
Complete biock Complete block Below the His
in the upper AV of the entire AV Bundle, all paths
Mode leaves MNode or in the are completely
~ Junctional foci to His Bundle leaves blocked, sc a
- escape and pace only a ventricular ventricular focus
 the veniricles, focus to pace. escapes.
plete (3%) AV block occurs gither in the upper AV Node, allowing a Junctional
Abelow the block in the AV Node) 1o escape and pace the vemricles, or... the
¢ block may be below the AV Node. leaving I.'II'II}' a ventricular focus 1o
amrJ pace the ventricles: To be a "complete block.” all avenues of AV
Bection must be blocked.
: :.'ﬂe bleck is high in the AY Node, a Junctional focus
sest-pacing focus below the block), escapes 1o
al its inherent rate, ventricles
apiete block destroys the entire AV Node or is below
? {for instance in the His Bundle), that leaves only
ar foci (o assume pacing responsibility...
_ ricular locus escapes to pace at s (slow) _ rate. inherent

Begardless of the location of the focus that escapes to pace
miricles, the atna remain independently paced by the SA Node,
ERG, we see a Sinus-paced atnal (P wave) rate and a totally
elens, (ocus-paced, slow ventricular (QES) rate. Complete
Bk produces this "AV dissociation™ that records on EKG as
ity normal) F wave rate superimposed over an independent,

ORS rate. The AV dissociation (on EKG or cardine monitor)
il that there is probably a complete AV block,

187
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3° AV Block
(complete AV Block)

Junctional focus:

= normal (narrow) QRS's
« ventricular rate: 40-60)min.

If u complete AV block nccurs above the AV Junction (i.e.. in the upper AV Nodel
then o Junctional focus; ne longer overdrive-suppressed, escapes 1o pace the
ventricles, On ERG. we see Sinus-paced P waves and a slower, imlependent QRS ©
rate, usually with normal QRS complexes. '

Mote: If the complete AY block is in the AY Node, above the AV
Junction, then a Junctional focus, no longer ovendnve-suppressed,
escapes 1o pace the ventncles, This is an “idiojunctional rhythm,™

With a complete AV block, if the QRS s appear normal
{because-each pacing stimulus passes down the ventricolar
conduction system), we know that a Junctional focus must
be pacing the

Note: Sometimes paced depolarizations from a Junctional focus may
have o pass through diseased regions in the ventricular conduction
svstem, delaying depolarization in some areas of the veniricles,
producing wide QRS complexes,

If the ventricular rate ranges between 40 and 60, then
a focus in the ___ is probably pacing the ventricles. AV Ju

% Pacing by wlunctional focus may aceelerate to Become an accelerided ity inan 5
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3° AV Block
(complete)

Ventricular focus:

* PVC-like QRS's
« ventricular rate: 20-40/min,

When o complete AV block occurs below the AV Junetion, a ventricular focus
Sipes overdrive suppression to pace the veninicles al its slow inherent rate of only
3 10 40 per min.: so slow, in fact, that cerebral biood Aow is compromised and
RCOPE MY ERsue,

icing AV Dissociation (separote atrial Powave) and ventricular
RS rates, you should check the morphology of the QRSs.
en we see large, wide, PVC-like complexes. we know that

Ssentricles are probably being paced by 4 focus, ventricular

f also ee that the veniricubar rate i within the inherent rate
A2 o 40 / min.) of a ventricular ; focus.

fe We understand that a ventricular focus could only escape o pace
there were no Junctional focus available above it So the complete

W block either obliterated the enting AV Node or it ocourred below

& AV Junction (1.¢, below the AV Node).

e In 3 (complete) AV block the ventricular rate may be so slow

gt blood Mow 1o the brain is inudequate, and the patient may lose
sciousness (syncope), This is Stokes-Adams Syndrome. Patients

sth complete AV block need continuous surveillang nd mainienangy
L airway, .. many die needlessly without, Respond! Patients with

8 hlock eventually need an artificial pacemaker,
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Downward displacement
of the pacemaker

No visible supmvantricu!ar antivity
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prognosis worse for:

* wider mmphr.ea diminished umplitudu = slower ventricular rate

The above tracing 1% nod caised by a 3° AV block. Don't be trapped by assuming:
that wide comiplex bradycardia is always due 10 8 37 block, Can you see signs of
independent atral activity? In practice, you should check all leads,

Bradycardia with wide ventricular complexes is not alway's
pathognomonic for complete AV block, so identify AV dissociation
{independent atrizl and ventricular activity ) belore calling

any wide complex bradycardia a 37 AV

Note: The absence of atrial activity with wide complex bradycardia
indicates that neither the SA Nodde nor supraventricular foci are viable
encugh to pace the atria. This failure of all automaticity centers above
the ventricles, called “downward displacement of the pacemaker”
usually earries an unfavorable prognosis. Belore pronouncing this
“downward displacement.” make certain that the flat baseline is not
due o atrial fibrillation,

Note: Extremely high serum K* concentrations “hyperkalemia™ can
severely depress the SA Node and supraventricular foci, producing the
same EKG findings. Hyperkalemia can cawse cardiac asystole, a form
of cardiac arrest,

Why don't we all take a break. Then, a little refreshed, we can look at
Bundle Branch Block. .. next page.
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Bundle Branch Block

ndle Branch Block (BEB) is caused by a block {of conduction) in the Right or in
ceft Bundle Branch. The blocked Bundle Branch delays depolarization to the
gracle that it supplies.

sally. the Right Bundle Branch quickly conducts the

wlusof depolarization 1o the right ventricle, and the

Bundic Branch does the sume to the ventricle. left
FSepolarization stimulus 1s conducted to both ventricles

£ same time (i, simultaneously ),

ek of one of the Bundle Branches produces a delay
Sesolarization of the ventricle that it supplies,

& Ordinarily both ventricles are depolarized simultancously,

& with Bundie Branch Block. the unblocked Bundle Branch conducts
mally, while depolarization in the blocked Bundle Branch has to
seep slowly through the surmounding muscle (which conducts more

Iy than the specialized Bundle Branch) to stimulate the Bundle

nen below the block. After the delay, depolanization proceeds

ety again below the block. However, the delay in the blocked
Sadle Branch allows the unblocked ventricle to begin depolarizing
sose the blocked ventricle (see next page).
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Bundle Branch Block

ht g
\r&nrt:'?nln i‘l ; mh’iﬁ:h
If f on EKG
Eil
..... fl‘ — -
two QRS's out of phase

wide QRS

Therefore in Bundle Branch Block, one ventricle depolanzes slightly Fater thin
other, causing two “joined QRS 10 appear on EKG,

When a Bundle Branch Block is present. either the lefi

or the right ventricle may depolarize late; depending on
which Bundie is blocked.

Note; Individual depolanzation of the nght ventricle and depolarization
of the left veniricle are stll of normal duration, Becatise the ventricles
do not depolarize simultaneously, this produces the “widened QRS

appearance that we see on the EKG. The two “out-of-sync™ QRS s are

superimpased on one-another, and the machine records this combined
electrical activity as o widened QRS with two peaks,

Note: Because the “widened QRS® represénts the non-simultineous
depolarization of both ventricles (one punciually depolarized, the other
shghtly delaved), we usually see two R waves named in sequential

order: K and R, The R’ (pronounced “R-prime”) represents delayed
depolarization of the blocked ventngle.
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Bundle Branch Block

Hl

— L]

ikdle Bronch Block the "widened QRS incrensds in duration to three simall
Bares 12 sec.) or greater, and two R waves (R and B) appear, The R' designates
delayed depolarization of the blocked ventricle.

£ Simultancous depolarization of the ventricles normally oceurs in
& than twelve hundredths second, producing a QRS that is less than
== small squares in duration.

diagnosis of Bundle Branch Block is mainly based on the
¢ (.12 sec. or more duration), QRS

der 1o make the diagnosis of Bundle Branch Block, the
omplex should be at least small squares wide three {3)
second). Check the QRS width of every EKG that you read!

¢ needle that records the EKG racing moves rapidly enough
word most of the heart's electneal activity accurately. However,

s greatl deflections the needle lags a bit mechanically, sometimes
g us an exaggerated duration on the tracing. Therefore, it is best
eck the limb leads for QRS duration (where QRS amplitude is
smial). rather than the chest leads where the QRS deflections are

1f a patient with BBB develops a supraventricular tachycardia,
trapid succession of widened QRS's may imitate Vemrnicular
veardia, Carelul!

193



§
$ |
7

g L
S R!' _J\:}
57 LA
R
L
Right EEB Left BBB

Iin Left Bunelle Branch Block (LBBB), left ventricular depolarizition is delayed.
In Right Bundile Branch Block (RBBB Y. nght ventnenlar depolanzation is. :!L.]:L}'ﬂ!.

In Bundle Branch Block, vou lirst notice the widened
complex, Then you should be able 1o find the B.R' configuraton
i thie chest leads.

In Right Bundie Branch Block, the left ventricle depolarizes
punctually, so the R represents left ventnicular depolarization, and
the R’ represents delayed ventricular depolarization.

In Left Bundle Branch Block. left ventricular depolanzation is
delayed, so the right ventricle depolarizes punciuvally (R}, and
the R’ represents delayed ventricular depolarization,

Kind of easy 1o understand, isn't it?
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Right chest leads
Vi el
Vs, ——
Va -"‘f”'“'-'u-'
Vs e
e Left chest leads
Vo mpn— A

e 15 a Bundle Branch Block. fook at leads ¥ and V, (right chest lesds) and
gV and V, (left ehest leads) Tor the RR

the QRS complex is wide enough (.12 see. or more)
sie the diagnosis of BBB, we immediately look at the
e left chest leads for the . RR

e During ventricular depolarization and just aftérward (up to the
s of the T wave), any additional stimulus cannot depolarize the
Sricles. that is, they are refractory o a premature stimulus, The
mdle Branches have a refractory period, but the Left and Right
pdle Branch refractory periods are not identical, so with a
saventnicular tachycardia one Bundle Branch is receptive to
smulation before the other. At a certain critical rapid rate, one
sedle Branch conducts before the other, producing non-simullancous
wturization of the ventricles, So this rate-dependent Bundle Branch
£k produces a tachycardia with wide QRS s that imitates

neular Tachyeardia,

Seht chest leads are V, and Vi
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Right Bundie Branch Block

Vo

Right Biindle Branch Block prodices an R.R' in the nght chest leads, V| or V.,

With a wide (und a diagnosis of BEB), check
the right and left chest leads for B.R.

Then, if there is an R.R" in the right chest leads V, or V,
there is probablva _ Bundle Branch Block,

In Right Bundle Branch Block, the rght ventncle 15
depolarizing slightly Later than the lelt ventricle, so the B

in the above illustration represents the delayed depolinzation
1o the (blocked) ventricle:
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Left Bundie Branch Block
-HI
R
Vs

-_ "_a BBE, an B.R in the left chest leads V', or V, mearis that Left Bundle Branch
& 15 present, The R’ represents delaved depolarization of the left ventricle,

ehest electrode is Tocated over the left ventricle in
emest leads _ and V.. s

sonally, the B.R in V or ¥, will appear only asa
med peak with two tiny poinis in Bundle Left
£ Block. (Examine the QRS in V, in the illusteation),

SEB the right ventricle depolarizes before the left venuricle,
e first portion of the wide QRS represents right
miar depolanzation.

= Muke a mental note of the typical QRS pantern (i.e., shape) of

t and Left BB, A diagnosis is often made by appearance alone.

e patterns are important because sometimes a PVC or the ventricular
spfexes in VT are said to have 1 "RBBE" or “LBBB" pattern: vou

sid understand what that means. The same is true of the ventricular
exes (on ERG) produced by artificial pacemaker electrodes.

= The Left Bundle Branch has two subdivisions (“fascicles™ )
ks of these fuscicles are called Hemiblocks (pages 205 - 305).

197
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Diagr:'m'sis:: BBB

J}.

Check for

R,R’
Hight / \
Vi V3 Vs Vg

‘Remember, a wide QRS (three small squares) imdicates BEB, and vou should i:EEu‘I[ifjl.
which Bundie Branch is blocked by checking the left and right chest leads. '

To diagnose BBR. the QRS complex must be at least ____of a
segond in duration. Now, just for smiles, let's identify the type
of BBB in the illustration on page 193,

Note: In some individuals recovery from refractoriness (during the last
stage of repolarization) differs slightly in duration beétween bundle
branches. So only ata panicular critical rate of tachycardia, one
ventricle depolarizes after the other w produce a rate-dependent
Bundle Branch Block (see Note, page 195).

The R.R' pattern may occur in only one chest s
often difficult 1o see the R, but usually it can be found in the
right chest leads ¥V, or V. or in the left chest leads Vo or Vi,

Note: Occasionally vou will see an R.R ina QRS of normal duration.
This is called “incomplere” BBB.
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Intermittent Mobitz (2° AV Block)

lnéﬂrrnittent
ropped
QRS

\ 4

A A f ; (
£ i .
fﬂu w;\- Vﬁ ~ [ |. -‘l\l’m-l 1 ,“#A_I H‘.

Occasional dropped QRS due to permanent BBB

dght BBB plus intermittent Left BBB will record on EKG
s continuous Right BBB pattern QRS s with intermittent
pisodes of complete AV block (P waves without ___ response).

Left BBB plus intermittent Right BBB will record on EKG as
ontinuous Left BBB pattern QRS s with intermittent episodes
complete AV block (P waves without FeSpRATSL),

Note: An EKG tracing or cardiae monitor display with a continuous
-BBB pattern QRS with an occasional missing QRS indicates
intermittent complete AV block. The intermittent block may worsen,
_eventuating in a constant complete AV block. This intermittent Mobits
Aexactly what it is) flashes an important warning sign, fntermittent
“Mobitz 15 the heart’s warning that eventually it will need an artificial
pum:mnkﬂr to drive the ventricles at a nonmal mate, Don't let it slip by
“you unnoticed. .. for the patient’s sake!

(one side) with intermittent BBB of the other side.

Simultancous RBBB and LEBB prevents depolarization from reaching the ventricles;.
this is 8 compliete (3% AV block. So, block of one Bundle Branch with fatermitient
“block of the other produces inermittent complete AV block, intermittent Mobitz,

QRS

ORS

|5
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Diagnosis: BBB
Ehach;. for
R,R'
Right Left
Vi Vo Vs Vg

Remember, a wide QRS (three small squares ) indicaies BBB, and vou ﬁhn!u]d identif
which Bundie Branch is blocked by checking the left and right chest leads.

To diagnose BBB, the QRS complex must be at least ___of &
second in duration, Now, just for smiles, let’s identily the type
of BBB in the illustration on page 193,

Note: In some individuals recovery from refractoriness (during the last
stage of repolarization) différs slightly in duration between bundle
branches, So only at a particular critical raie of tachycardia, one
ventricle depolarizes afier the other w produce a rare-dependent
Bundle Branch Block (see Note, page 195),

The R.R' pattern may occur in only one chest s
often difficult 1o see the R, but usually itcan be found in the
right chest leads ¥V, or Vs or in the left chest leads Vo or ¥y,

Note: Oecasionally you will see an B.R' in a QRS of normal duration,
This is called “incomplete” BBB.
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Rhythm: always observe

... for AV Block
(alsc P's missing a QRS response)

QRS... for Bundle Branch Block

per that you must always vissally measure® the duration of the PR intervals
furation of the QRS complex when examining the rhythm on an EKG.

ERG" s, vou must always measure® the PR intervals because
3 :pmhmg&d more than one large square, then there is some

__ Block present (and, of course, look for missing QRS's, AV
bmcicate that a 2% or 3" AV Block is present).

EKG's, the QRS duration must be measured® for if it is
weed 10 .12 second or there is a Bundle Branch Block. more

Always check the PR imtervals and the QRS duration when
sunizing the rthythm on any EKG. This must be part of any EKG
spretation, The spontaneous appearance of Mobitz AV block or
e Eram:h Block may be anearly warning of impending

: Hemiblocks commonly occur with infarction, so they are
seribied in the Infarction chapter, A hemiblock is a block of one
1w subdivisions (“fascicles™) of the Left Bundle Branch.

B vou yisually check these criteria on EKG, vou should recond the
e PRand QRS duration.

i
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Bundle Branch Block

Vector=?

Ventricular Hypertrophy?

e DR S SR et

hypertrophy cannol be determined accurately in the presence of Bundic
HBlock.

Note: Because the Mean QRS Vector represents the general direction
of the simultaneous depolarization of the ventricles. with BBB iLis
very difficult to represent such a vector. This is because with BEB
the ventricles do not depolarize simultaneously, so there are really
pwo separate (right and left) ventricular vectors,

Note: The criteria for ventricular hypertrophy (enlargement) are
bhased on 4 normal QRS. Bundie Branch Block produces large QRS
deflections because each ventricle lacks the (usual) simultaneous
electrical opposition from depolanization of the other ventricle.
Therefore the EKG diagnosis of ventricular hypertrophy should

be very guarded with BEB. However, atrial hypertrophy can be
diagnosed in the presence of BBB.

Note: Let's review all the illustrations in this chapter. Then see
“Blocks™ in the Personal Quick Reference Sheets on page 339,
and relate this to the simplified methodology that is surmmarized
on page 334,



Chapter 7: Axis e
‘Before you begin, look at this chapter’s summary on pages 334 and 340.

8" refers 1o the direction of the movement of depolarizition, which spreads
ghout the heart o stimulate the myocerdiom o contract.

\ " et The axis nmund which the carth rotates h:.':.-: nul.hmg o dio

4 Axm ) in the illustration,

progressive depolarization of the myoeardivm
moves ina certain direction,

Axis refers 1o the of direction
s=polanization as it passes through the heart.

. _‘.!_.Eunmi,mmll:d “electrical axis,”



The vector shows the direction in which

Choipder 7: Axis

Direction Of

Vector

Electrical Stimulus

To demonsirate the direction i which depolarization s moving, We Use an armow
is called a “vector.™

We can demonstrate the general direction of the
movement of depolarization by using i

IS moving.,

Whien interpreting EKGs, a vector shows the
general of depolanzation in the heart,
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QRS

"-[}RS complex represents the depolanzation of the ventricular myocardmm.

QRS complex represents the simultaneous
arization of both ) ventricles

stricular depolarization and contraction can be sad
sceur at the same time, (but we know that contraction
a little longer).

arization of the ventricles and their contraction
ented by the complex. QRS
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A >
=

We can use simall veetors 1o demonsteate ventricular depolarization, which begins at
the endocardium that limes both ventricles and proceeds roward the outside surface
{epicardinm} in all arcas at once.

Nete: Once depolarization is beyond the AV Node, the ventricular
conduction system conducts this stimulus to the ventrieles with great
speed. In this wiy, ventricular depolarization begins at the endocardial
lining of the ventricles and proceeds through the thickness of the
ventricular wall in all areas at about the same tme., (We will not yet
address depolarization of the ventricular septum).

The Purkinje fibers transmit depolarization 1o the myocardial cells
Just beneath the endocardium that lines both ventricles: this

oceurs so fast, that depolanization begins at the general level |
of the in all areas at about the same time. endocardiu

Depolarization of the ventricles generally proceeds from the
endocardial lining to the outside (epicardial) surface through
the full thickness of the wall in all areas at once. ventricul
(See small vectors in the illustration). |

Note: Notice that the thicker left ventricular wall has larger vectors,
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I we add up all the small vectors of vemricular depolarization (considering both
- direction and magiinede), we have one large “Mean QRS Vector™ that represents the
= gencral ditection of ventricular depolarizatinn.

_=: Mean QRS Vector is the sum of all the
maller vectors of depolarization, ventricular

By convention we consider the origin of the Mean
JES Vector to be the AV Node, so the “1ail” of
#he Vector is alwavs the . AV Node

3 ause the small depolanzation vectors of the
thicker left veniricle are larger (previous page). the
Adean QRS Vector points more toward the lefi

Note: Remember that a vector represents both direction and magnitude
~of depolanzation... higger vectors represent greater magnitude,
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Vector:
downward
and

to (patient’s)

The Mean QRS Vector normally points downward and 1o the patient’s ledt;
this is the general direction of ventricular depolarization. E

The ventricles are in the left side of the chest and
angle downward and 10 the

The Vector points downward and
toward the patient’s left side.

Note: From now on, we occasionally will use the word “Vector™
(with-a capital *V") w represent the Mean QRS Vector, which depicts:
the general direction and magnitude of ventricular depolarization.
Visualize the Vector over the patient’s chest, and remember that it
begins in the AY Node.

Note: Depotarization is an advancing wave of Na* jons,
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s position of the Mean QRS Vector is described in degrees within o circle drawn
wer the patient’s chest. This circle is in the frontal plane. The limb leads are used to
erimine the position (“Axis”)of the Mean QRS Vector in the frontal plane.
= can locate the position of the Mean QRS Vector
ghin alarge around the heart, cirele
2 center of the cirgle s the . AV Node
he Veetor normall v points downward and 1o the patient’s
St that is, berween 0 and degrees. +50)
tdon’t forget the +)

WMote: 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 illusteation is about +40 degrees.

' Beview the illustration and note that (7 is on the patient’s lefi,
and that the lower half of the circle is “positive” degrees. The
‘top half of the circle is “negative” degrees. Axis is often denoted
i medical literature by an A as in A +30°" or "A = 4307,

“and it may be called “electrical axis.”
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o

“vertical” heart “horizontal” heart

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

If the heart is rotated toward the patient™s right side.
then thie Mean QRS Vector moves toward the as well,
This is common in tall, slender individuals (see illustration).

In very obese peaple the diaphragm is pushed up
(and also the heart), so the Mean QRS Vector
may point directly 1o the patient’s j

{See illustration).

The tail of the Vedtor 15 the ¥

Note: In obese individuals the increased abdominal pressure
often pushes the diaphriugn upward so the position of the displaced
heart may be called a “horizontal heart”. By the same 1oken, a tall,
slender individual may have a so called "vertical heart™,
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hypertrophy of Vector points towards
left ventricle hypertrophied side

Wlth hypertrophy (enlargement) of one ventnele, the greater depolanzarion acrivity
L of the h:fpl..rtmphm.l side displaces the Mean QRS Vector toward the hy pertrophicd

Bere is increased depolarization in a hypertrophied
niricle.
. the Mean QRS Vecor deviates toward the ventricle
1 is hypertrophied.

ole: A hypertrophied ventricle has more {and larger) vectors,
which draw the Mean QRS Vector in that direction,
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area of
4 infarction
(infarct)

away from
infarction

In myocardial infarction there i5a necrotic (dead) area of the heart that has lost ns
blood supply and does not depolarize. The unopposed vectors from the other side
draw the Mean QRS Vector sway from the infarct.

Note: Myocardial infarction occurs when a branch of one of
the coronary arteries (the heart’s own source of blood supply)
becomes occluded. The area of myocardium supplied by this
blocked coronary artery has no blood supply and becomes
electrically dead (can't depolarize).

In myocardial infarction (coronary occlusion) there

is an area in the ventricles that has no supply.
This infarcted area cannot depolarize, and therefore

It has no veelors,

Since there 1% no depolarization {(and no vectors)

in the infarcted area, the vectors from the opposite
side are unopposed, so the Mean QRS Vector tends ]
to point away fromthe . infz
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+180°

Mo vou understand why the Mean QRS Vector is dingnostically so valuable.
Auis™ is the Mean QRS Vector when given in degzrees, and the normal axis riinge
S 1o +90° in the frontal plane.

i Mean QRS Veetor should point downward and to
patient’s » that is, in the (7 to +90° range. lefi
% &5 the range of normal axis.

% Mean QRS Vector gives us valuable information
ot the positien of the _______and, ., heart

msight into ventricular . nd hypertrophy
vides us with valuable information concerning
ial

infarction

Me: The Mean QRS Vector tends to point [pward ventricular
spenrophy, and away from myocardial infarcticn. These basic _
prnciples of axis are 50 logical and easy to understand that you should
aploy this diagnostic® wol whenever a twelve lead EKG is available.

The diagnosis of Hemiblocks (pages 295-305) is based on changes in QRS Axis,
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To determine the direction of the Vector, visualize a sphere surmunding the be
with the AV Node at the center of the sphere. '

Visualize a Large surrounding the heart.
The AV Node is the of the sphere.

MNote: The Mean QRS Vector has the AV Node as its tail,
and the tip of the arrow touches somewhere on the surface

of this hypothetical sphere.



WWith the sphere in mind, consider lead 1 (left arm with the positive elecirode,
night arm with the negative efectrode).

sl | tises the right and lefi for recording. arms.

{iead | is introduced into the sphere, the patient’s left side

it arm) is positive

I the mghtarmes nggg[i\-f;

e Lead 1 passes through the center of the sphere,
hich is the AV Node,



Sull considenng lead 1, the patient’s left-hand side of the sphere is positive.
right haif is negative. The center of the sphere is the AV Node.

We are considering only lead ___ at this time.
We will now consider the lead | sphere in two -

The patient’s right half of the sphere is
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Azx the positive wave of depolarization within the myocardial cells moves wiward a
pasitive (skin) electrode, there is a simultaneous upward (positive) deflection
secorded on ERG.

i advancing wave of depolarization niay be considered
moving wave of charges. positive

Fhen this wave of positive charges is moving toward a

1 skin electrode, there is a simultaneous upward positive
ssitive) deflection recorded on the EKG.
fvouscea_ (upward) wave on EKG, it means positive

¢ that instant a depolarization stimulus is moving loward
positive skin electrode that is being used to record the EKG.
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. “lateral” leads
+ __,a-"-i!_-,;_%

¥ [
“inferior” leads /.. I, 111, and AVF

The positive elecirode used to record the fnferior Timb leads, 1L 1L and AVF, i
the left “foor.”™ The positive electrode that is used to record the Jaterad limb lesds:
I and AVL, is on the left mrm.

Let's focus our attention on the only horizontal lead, that s,
lead |, which uses a posative electrode onthe _ arm,

Next, we will look &t the only vertical lead, AVF,
which usesa electrode on the left leg (*Foot™).

That was fast... let's move on.
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Lead I

QRS
in lead 1

the QHS complex 15 positive (mainly upright) in lead I, the Mean QRS Vector js
anng somewhere into the patient’s feft half (i.c.. the positive half of the sphere.

i un EKG tracing and cheek the — complex in

QRS
& We check the QRS complex, beciuse it représents
msicular depolarization on the EKG iracing.
2 QRS inlead [ is muinly upright,
-'_ = {positive or megative), . positive
d if the QRS is positive in lead 1, then the Mean QRS
9 points positively, thatis, intothe _ half of the sphere left

the positive skin electrode on the patient’s left arm),

= This point becomes clearer if you go back and rercad the
a0us page and continue directly with this page. It comes intg
Ss betier on the second go “round,

259
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Still considering kead L on the tracing, if the QRS complex is mainly negarive
{downward), the ¥ector points to the patient’s righ side.

In lead 1, if the QRS complex is mainly betow the baseline,
it is (positive or negative),

Now checking the lead | sphere surrouncling the patient,
4 Yector pointing into the negative half of the sphere
points o the patient’s side.

So if the QRS in lead 1 is mainly negative, then the Mean
Vector points to the patient’s right side (away from
the positive electrode on the patient’s left arm).
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QRS
| inlead I

B the ORS is negative in lead 1 (Vector toward the right), this s Right Axs
eviation,

"-': Mean QRS Vector points toward the right, we expect
¢ QRS complex inlead ltobe . negative

-

the Mean QF.S Vector points to the patient’s right side
s the right of a vertical line drawn through the AV Node),
= indicates Right Deviation. Axis

“the QRS complex isnegative in lead ___, this indicates 1
at there is Right Axis Deviation (R.A.D.),
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InLead I
QRS Negative QRS Positive
5 H i i + H +

Vector to patient’s Right Vector to patient’s

Right Axis Deviation

By '-.lmplu.. observation, we can tell whether the Mean QRS Vector points 1o th:.;
paticat’s left or right side.

Lead 1 is the best lead for detecting Righ
Deviation,

It the QRS complex is positive in lead I (which it usually
15}, this indicites that there is no RAD., because the Vector
s pointing 1o the sidde of the patient.

When we record lead 1 on an EKG, the patient’s left arm
has the electrode.
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The left foot has a postive electrode m Jead AVE, Imagine asphere-around the
patient for lead AVE.

ore the lead discussed on the previous page. We are considering
v lead at this time, AVF

Mote: We are now considering o completely ditferent sphere — the one
that surrounds the body when we record lead AVF on the EKG

“muachine. We need 16 re-orient ourselves as 1o the positive and negative
Balves of the sphere in AVFE.

Fhen we switch the EKG machine to monitor lead AVE,
B machine makes the electrode on the feft positive. foot

fie lower half of this sphere is . positive

Be center of this sphere is the , AV Node



24 Chapter 7: Axis

Lead AVF

For AVF the lower hall of the sphere is positive, and the upper half is negative,

The lower half of the AVF sphere is the location of the
positive left fool electrode, so we know that the loweér
half of this sphere is ;

The upper portion of the sphere (above the AV Node)
s (positive or negative).

:1‘11': sphere in AVF has two halves, the upper half

-

... and the lower half of the AVF sphere is



QRS
in lead
AVF

Considering lead AVE of the EKG. if the QRS is mainly positive on the tracing, then
e Mean QRS Vector points downward into the positive half of the sphere, loward
Be positive (lead AVE) electrode.

+ Mean Qﬂﬁ'ﬂmr points downward, then

s complex in lead AVF is upright (or ;mra_il,h-l:‘.l

ote: Don't get confused just because the positive QRS is upright,

et the Veetor points downward. You must remember that the Vector
points into the positive half of the sphere (toward the positive lefit fool
electrode) when the QRS is positive. The lower half of the sphere just
Happens 1o be the Pﬂﬁiﬁ"n‘l: halfin lead AYFE.
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QRS
in lead
AVF

In AVE, if the QRS is negative, the Veclor points into the negative half of thie s

The center of the sphereisthe AV N

The upper half of the (lead AVF) sphere is

A negative QRS complex in lead AVFE rells us that the
Mean QRS Vector points into the negative
half of the sphere (i.e., itis pointing away from the positive
electrode on the left foor),




o
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QRS QRS

sunge; the area that is both vellow and blue (yellow plus blue equals green).

dmainly positive QRS in lead | indicates that the Méan

be the normal range),

‘Note: Since the ventricles angle downward to the left. and ventricular
depolarization moves downward and leftward, it should no SUrprise
you that this is the normal range of the Vector. Remember, Vector
position is stated in terms of the patient’s left or right. If the QRS is
‘upright in both lead 1 and AVF (the “two thumbs up” sign), the Veotor
("Axis"pis within the normal range.

inLlead I in Lead AVF Normal Axis
"two thembs up”
sign
+ [+ and +[|+ —_ ' J |

P

Follow the illustration closely. If the QRS is positive in lead 1 and also positive in
AVE, the Vector points downward and o the patient™s eft. This is the normial axis

S Vector points to the side of the patient, and. .. lef
- mainly positive QRS complex in lead AVF means
the Vector points ; downwan
in the same patient. if the Vector points leftwird and also
saints downward, the Veetor must be in the only guadrant
of the that satisfies both criteria (and it happens sphere
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In the frontal plane, there are four possible axis quadrants where the Mean QRS
Vector may point. Visyalize this large circle on the patient’s chest in the frontal
plane.

Mote: In the frontal plane, we determine if there is any
Deviation of Axis out of the normal range,

1f the Vector points upward (from the AV Node) and 10
the patient’s left, this is Left Deviation (L.AD.).

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

If the Vector points downward 1o the patient’s left, it is
in the range (i.e., Normal Axis).

Note: Remember, Axis is merely the position (that is, the direction)
of the Mean QRS Vector. which indicates the general direction of
ventricular depolarization.
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~ For any patient, when we find into which quadrant (of the frontal plane) the Vector
 points, we know in which direction the ventricular depolirization is going. The small
-~ type in the illustration relates to the patient’s right or Tefi,
Note: This'is how you should visualize the four axis quadrants in g
large circle (AV Node is the center) drawn on the patient’s chest in the
Afrontal plane. On some EKG charts the Mean QRS Vector is depicted
~in a similar circle (which represents the frontal plane).

2 upper left quadrant represents Axis Deviation Left



And when the Vector points upward and o the patient’s left,

Chupler 7 Asis

QRS - QRS
inlead I in lead AVF

If the QRS 15 pasitve in lead L and segative in AVE, that places the Vector in the
upper left quadrant. This is Left Avis Deviation.

If the QRS m lead 1 is upright, the Vector points -
to the patient's ;

If the Vector is pointing upward, then the QRS in
lead AVF s muinly the baseline,

this s Lelt Deviation (LAD.).
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o, by looking ot the QRS complex in | and AVF, you can locate the Mean QRS
setor in an Axis gusdrant (in the fronial plane as it relates to the patient),

3 time the QRS complex is negative in lead 1, there is

_ Axis Deviation (R.AD. ) and when the Vector Right
points upward (and to the patient’s right), this is commonly
d “Extreme” RAD.

2

the QRS is positive in lead | and negative in lead AVE,

e is Left Axis . Deeviation

i the Mean QRS Vector points downward and to the patient’s left,
expect the QRS complexes in leads 1 and AVF to be

sy (upnght). And of course. they usually are, positive
e this is normal,

ote: You also can caleulate the vector for a portion of a QRS complex
Ator instance, the initinl or terminagl .04 sce. ) in exactly the same
panner as for the Mean QRS Vector.
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Lead 1 K on EKG
a8
\} isoelectric
QRS

When depolarization moves in a-direction perpendicular to the oriemation of a Tead,
the deflection is minimal andfor “isoelectric.” An isoelectric QRS records equal
magnitudes of upward (positive) and negative (downward) deflection.

Pepolarization that moves perpendicular to the orienation of
a lead, is directed negligibly toward either electrode, so the
recorded deflection is as much negative as positive and

is called __

The word “isoelectric” literally means “same voltage,” so it
is used when the positive and the negative portions of the
QRS complex are about

Although the positive and negative deflections of
an isoelectric QRS are equal in amplitude, they are
generally small in the limb ]

Naote: First, locate the Mean QRS Vector in an axis quadrant
(i.e., Normal, L.A.D., RAD. or Extreme R.A.D.). Then, find the limb
lead in which the QRS is the most isoelectric, 5o vou can more precisely
locate the Vector in dogrees (Axis), The Axis is about 90° from the
onentation of the most isoelectric lead. It is really very easy... next page.
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Left Axis Deviation
menal

tecalocirie HAnks
II— ------- “...'w
1 T -60°
1 M B S -30°
BT v cnisinies T
Normal Range
el

inopiactric Auks
AVF. i e
] | 1 .- +30°
AVL ..ovvinnnns +60°
i AL A

o locate the position of the Vector { Axis) more precisely {1.t in degrees) in the
:"- 0 :nl plane: fist locate the axis qoadrant, and then note the limb léad in which the
CBIRS is most 1soelectne,

: Please refier 1o the illusiration on this page (and the page that

o uws}m determine the exact posttion of the Mean QRS Vector

LAxis) in degrees. For exams and in “real hife” situations you need

a reference. m:cumc}r is Far more important than memory. You may
‘copy page 340: it's yours for real life use.

- WNote: Let's review, First, locale the appropriate axis quisdrant, Then, to
~determine the exact position of the Vector (Axis), find the lead where
the QRS is most isoelectric. Refer to the illustration as vou contemplate:

e hypothetical examples below,

atient with Left Axis Deviation has & Mean QRS Vector

o between O and____ degrees (QRS positive in ©-and AN}
sezative in AVF). Check the illustration. {don’t forget the negative)

ng Im:l:.-I has a Mean QRS Vector in the normal range.

QRS in lead 111 is isoelectric, then she has an electrical

: :nf — . Please don’ lprm:ﬂ;l 1o the next page until you +30"
el comfortable with this exercise,
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Extreme Right Axis Deviation

00

The exuct position of the Vector (Axis) can be located in a similar way for Right
Axis Deviation and Extreme Right Axis Deviation. Refer back to the 1ll.u-1u-auun tm‘
cach senence below,

Note: After the axis quadrant is determined. the limb lead
with the most isoelectric QRS is noted.*

Consider a paticnt with R.AD. You find thar the QRS 15
isoelectric in lead 11, so the Axis is

You have a patient with numerous widened, premature QRS's, and
vou need to know whether it is a PVC or an aberrant Junctional
beat, The wide QRS is negative in Land AVF, which places its
Veetor in the Extreme _ quadrant (how could that be?)...

. the wide QRS is also isoclectric in AVL. so its Axis
is . For vemricular depolarization to progress in that direction,
it must have originated in a focus (or pacemaker electrode) at the
apex of the left ventricle, rather than from a Junctional Tocus.
Let's think about that.

Note: An Axis of 1807 is either + or - depending on whether the
Vector is in the R.A.D. or Extreme R.A.D. quadrant respectively.

= This is sttmmitrized for vou (page 330} of youir Persodal Quick Reference Shect.
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Medin QRS Vector, which represents normal biventricular depolanization, points
srward and 1o the patient’s left, The P wave vector, which represents normal
1al depolarization, points downward 1o the left side of the patient.

ector is used to represent the general direction of depolarization.
e depolarization (a wave of positive charges) moves toward a
itive electrode, it records -1y (upward) on the EKG. positive

te; The P wave vector points generally downward, toward the

itive electrode on the patient’s lefl foot (for inferior leads 11, 1, and
AVF), so the P waves are usually upright in those leads. The P wave
vector also points lefrward, oward the positive electrode on the
patient’s left arm (for feads 1, and AVL), producing generaily upright P
waves in those leads. So, if we see an inveried “P wave” in any of those
leals, it is probably a P depolanizing upwards from a low atrial focus,
or retrograde atnal depolarization moving upward from the AV Node,

- Note: Most PYC's emanate from a peripheral focus in a ventricular
wall, depolarizing the ventricles in a general bottom upward direction.
sothey are usually mostly negative in the inferiorand lareral limb
leads where the QRS is usually upward. Exception: PVC's that are
mainly upward like the QRS's in those leads, probably onginate in

a septal ventrcular focus and follow a near-normal path.
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Chest Leads in the Horizontal Plane

The sphere as three dimensions, %o it is important 10 note the gencral pqmnun
Mean QRS Vector in the horizemtal plane as well.

The horzontal divides the body into top
and bottom halves.

The chest leads form the plane.

MNote: To determine changes (“rotation’) of the Mean QRS Vector
in the horizontal plang, we examine the chest leads.

Note: Although the Axis may “deviate” in the fromal plane,
the Vector is said to “rotate” in the horizomal plane, This is
comventional (universally accepted) terminology used in
commumcation and in medical literature.



for lead V.

side of the stermum (at the fourth interspace).

___:-:hm-_ele::umh used for recording lead V, is
s {positive or negative ).

Mote: The electrode for the chest leads is a suction cup that

5 moved 10 a different position on the chest for each of the
“six chiest leads (which form the horizontal plane). In each case,
the suction cup electrode 15 positive.

The position of the (suction cup) electrode for recording lead V,
places it in front of the heart, at the fourth interspace to the left of
the sternum, so it is just to the AV Node.

WNote: We already know that meral electrodes affixed with
~conductive gel are often used for recording the chest leads,
«s:u let's refocus on the conceptual material.

237

Chest lead WV, 15 obiained by placing u positive electrode on the chest along the left

positive

anterior
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Considering the sphiere for lead Vs we cin see that the front hall is positive and the
back half is negative,

Considering a lead V, sphere, we view the patient

from the side. The center of the is sull
the AV Node.
The patient’s back is (neganve or positive),

when considering lead V.,

The front hall of the sphere is in lead V..
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;_' sidering lead V; on the standard EKG, the QRS
complexisusually _ (below the baseline).

erefore, the Mean QRS Vector usually points
e the negative half of the sphere.

away from the positive V, electrode, toward the thicker
~and more posteriorly positioned ventricle,

ally, mest of the ventricular depolanzation moves.

I

Normally the QRS in lead V5 is negative, Therefore, the Mean QRS Vector points
L kiward, because of the fg:nerail}"l- posterior pﬂmmn of the thick left ventricle.

negative

backward

(postetiorly)

left
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Body Cross Section Through Ventricles

BTG

e
W
-t:r-

The orientation of chest lead V', makes it the most informative lead for the
determination of both Anterior and Postenior Infarction,

The orientation of lexd V, projects through the anterior wall
andl the posterior wall of the veniricle,

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

Note: As you will soon see; both ventricular depolarization and
repolarization should be scrutinized in the right chest leads, because

they reveal subtle vector changes caused by both anterior and posterior
infarctions (of the left ventricle),
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Chapt

Chest Leads on EKG

chest leads, there is a gradual wansition from the generally negative QRS in V,
& the penerally positive (upright) QRS in V.

5 is mainly negative inlead V| and
in lead Vi, positive

; _' aning chest leads V| through W 10 ohserve the gradual

msition of QRS mmplcxr:ﬁ we notice that the QRS umuTIv

somes as much positive as negative or isoelectric
sud Vo or Vi This is the transitional zone.,

ge: You will recall that an isoelectric QRS is 90° away from the
Mean QRS Vector. So a shift (“rotation”) of the Vector in the
arizontal plane is reflected as a similar change in position of the
Transitional” (isoelectric) QRS in the chest leads. You will better
derstand and appreciate this, when you see the next page.

s the Yector ::hangﬂ:- its position {rotates) in the horizontal plane,
- 'ﬁ"u:mr s tail remains anchored to the . AV Node
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Axis Rotation (left/right)
in the horizontal plane

e Y, - -

Rotation of the Yecior in the horizontal plane is described from the patient’s point of
view as “rightward”™ or “leftward.” Check the chest leads for the ssoelectric QRS.

Note; The Vector cin redare in the horizontal plane with its vail
dnchored 1o the AV Node, When the isoelectric (“transitional™)

QRS has rotated to the patient’s right (into leads V' or V) this s
rightward rotation, But if the ransitional QRS is found in the patient’s
left chest leads, Y5 or ¥, this is lefrward rottion. Anatomically
speiking the heart is not capable of much rotation in the horizontal
plane. But, we do know that the Vector shalts toward Ventricular
Hypertrophy and away From Infirction,

Note: In older literature you may stll see the rerms “clockwise™
{meaning leftward) rotation or “Counterclockwise” (meaning
rightward) rotation of the Vector in the horizontal plane. These
1erms have become obsolete since they do not relate well 1o
clocks, and much confusion resulted.

Reminder: Axis deviation is in the frontal plane.
Axis rotation is in the horizontal plane,

Note: Please observe the simplified technigue for determining Axis
by turning 1o page 340, A quick review of the methodology may be
found in the Personal Quick Reference Sheets on page 334.
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Chapter 8: Hypertrophy
re you begin, look at this chapler's summary on pages 334 and 341,

“Hypertrophy usually pertains to an increase in size, bt when relating to moscle asin
miyocardium, this term refers (0 increase in muscle mass.,

“Note: The photo above is the arm of a weight-lifier, 1 had comemplated
“using @ photo of my own arm, but I soon abandoned the dea beeause
‘then [ would have to title this section “hypotrophy™ (if there is such a
waord),
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normal ventricles Left Ventricular
Hypertrophy

Hypertrophy of a chamber of the heart implics an increase in the thickness of the
chamber wall, but some dilation is always present also,

Hypertrophy of a chamber of the heart means that the
muscular wall of that chamber has dilated and thickened
beyond thickness.

Hypertrophy muay increase the volume that the
contains, and the wall of that chamber
i5 thicker than normeal.

The increase in the muscular thickness of the wall of
a hypertrophic chamber, as well as dilation of 4 chamber
of the heart may be diagnosed on .
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atrial contraction

- Since the P wave represents the depolarization and contraction of both airis,
we examine the P wave for evidence of atrisl enlargement. (See Note )

= depolarization of both atrig causes their

contraction
. _ilcpulurizntiun of both atria is recorded on
Rl asa _ wave, P
fens of atrial enlargement can be detected by examining
: 'thre on the twelve lead P EKG

Sote; Although the designation “atrial hypertrophy™ is commonly used,
Cendargement of an atrium is usually due to dilation of the strium.

: zfore, the peneral term arrial enlargement is preferred, since it
cludes both dilation and hypertrophy, Whereas when referning 1o
ventricles, “ventricular hypertrophy™ predominates,
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Lead V| is directly over the atria, so the P wave in 'V is our best source of
information about atrial enlargement.

The chest electrode that records lead V, is considered
{positive or negative).

When lead V, is recording, the electrode is positioned just
1o the right of the sternum in the dth interspace: this places
the electrode directly over the _

Because the V, electrode is close to the dtria, the
P wave in lead V, gives us the most accurate informalion _
about atrial y enlarges
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Diphasic P Wave

,w!iﬂ‘l atrial enlargement, the P wave is usually diphasic (both positive and nesative).,

 wave that has both positive and negative portions 15
leda_ wave (two phased wave), diphasic

A diphasic P wave hos deflections above and
Selowthe baseline

Fhe diphasic P wave is characteristic of atrial enlargement, _
twe want (o know which of the two is enlarged. atria
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Right Atrial Hypertrophy

If the initial component of a diphasic P wave (n lead V) 1s:the farger, then this is
Right Avrial Enlargensent,

If the P wave in lead V, is , then we know
that one of the atra is enlarged,

If the initial portion of the diphasic P wave is
the of the two phases, then there
is Right Atrial Enlargement.

A diphasic P wave in V| with 4 large, often peaked, imitial
component tells us that this patient’s atrium is
probably thicker and more dilated than the lefl

Mote: If the height of the P wave in any of the limb leads exceeds
2.5 mm (even if it's not diphasic), suspect Right Atrial Enlargement.
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Left Atrial Hypertrophy

;ll"lhc terminal portion of a diphasic P wave in V| is barge amd wide, there is
Lrﬁ Arrial Enlargement.

:‘;[:H_'IHEI'II who has enfargement of the left atrium,
scause the mitral valve is sienosed®, will have
diphasic Pwave in lead

=]

v
I paticnt’s diphasic P wave in lead V, has a small initial
nenl and a larger component, termimal
he terminal component of a diphasic P wave in lead v,
sually (positive or negative). negative

* Mitral stenosis (narrowed miteal vilve opening) can ciuse feft arrial enlingement,
bt systemic hyperiension is the most common cause.
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Normal QRS in Lead V;

R
7
|-

T~

Now let's consider the QRS complex in V,, Normally the S wave is much larger
the R wave in this lead.

The QRS complex represents ventricular depolarization,
s0 we would expect the QRS to reflect the presence of .
ventricular ; hypert

In lead V, the QRS complex is mainly ;
and therefore the R wave is uswally very shon.

Note: The V, electrode 15 positive. Ventricular depolarization moves
downward to the patient’s left side and also posteriorly (the thicker
left ventricle is more pmuteﬁﬂri}' located). Because ventricular
depolarization is moving awily from the (positive) V, electrode, the
ORS in V| is usnally maml:,.' negative. Remember 'Lll:ll. the positive wave
of depolarization moving toward a positive electrode records a positive
deflection on EKG. By the same token, dcp-ﬂlun.taimn moving awiay
from a positive electrode records negatively.
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Right Ventricular Hypertrophy

ever, with Right Ventricular Hypertrophy (RVH) there isa large Rowaven V.

Right Ventricular Hypertrophy there is a large R
gve in lead V.

e With Right Ventricular Hypertrophy, the wall of the right
entricle 1s very thick, so there s much more (positive) depolarization
tand more vectors) toward the positive V| electrode. We would
sherefore expect the QRS in lead V| to he more positive (taller)

an usual.

8 wive in lead V is smialler than the _ wave 4
ight Ventncular Hypertrophy. (See illustration),
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Right Ventricular Hypertrophy

Vi Vo V; V,

With Right Ventncular Hyperirophy, the large R wave of V| gels progressively
smaller from ¥V, to Vo V ec.

When Right Veniricular Hypertrophy is present, there is
a large R wave in lead ___ that becomes progressively
smaller in chest leads V,, Yy, and V.

The progressive decrease in the height of the ___ wave
15 gradual, proceeding from the right chest leads 1o the
left chest leads.

Note! The enlarged right ventricle adds more vectors toward the right
side, so there is Right Axis Deviation (in the frontal plane), and in the
horizonal plane there is nghtward rotation of the (Mean QRS) Vector,
Visuahze the reasons for these (Mean QRS) Vecior shufts and the
crteria will become very logical.
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Left Ventricular
Hypertrophy w2t hedest 3

Bl
NE g =
e iy
| "':"""“-l'_ — I*.d"'

Vv, Ve Ve
musing great QRS dellections in the chest lemds.

heart chamber with the thickest muscular walls
veniricle.

rpertrophy of the left ventricle produces QRS complexes
at are exaggerated amplitude, both in height and in depth,
pecially in the leads,

te: Normally the S wave i V| is deep. But with Left Ventricular
Hypertrophy, even more depolarization s going downward to the
patient’s left - away from the positive V| electrode, Therefore, the

5 wave is even decper in V. There 1s Lell Axis Deviation, and often
the Vector is displaced in a leftward direction in the honzontal plane.
Visualize and understand the reason for these shifts of the Vector.
Lasting knowledge resulis from onderstanding.

ith Left Venrricular Hypertraphy (LVH), the feft vemtncular wall is very thick,

kel

chiest

253
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Left Ventricular Hypertrophy

4

Vv, Vs

With Left Venmicular Hypertrophy there is a large 8 in V| and a large R in Vs,

With Left Ventricular Hypertrophy there is & very all
wave in lead Y,

Note: Lead Vy is over the leht ventncle, so the incressed depolarization
1% going toward the electrode of Vo when there is L.V . H. This results in
miore {posilive) depolanzation going towand the (positive) electrode of
V¢ which produces a very tall R wave in that lead.

In Left Ventricular Hyperirophy, there is a very tall B wave
i lead ___, and this excessive depolanzation moving away
from the V| clectrode produces adeep S wave in lead V.
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Left Ventricular Hypertrophy

5. 8
!

2 Looooeoe-mm of S in V,

J +

Vs N ——————————— mm of R in V;
Total

(if more than 35 mm there is L.V.H.)

Depth (m mm) of S in V; plus the height of B in Vo of greater than 35 mm, there is
Lefi Ventricular Hypertrophy,

check an EKG for Lell Ventneular Hypertrophy, just add
e depth of the S wave in 'V to the height of the___ wave in V. R

'the depth (in mm) of the § wave in V, added 1o the
sight (in mm) of the R wive in Vg is greater than 35 (mm),
: Ventricular Hypertrophy is present. Left

Wote: The sum of the 5in V| plus the R in V should be routinely
<hecked (mere observation will usually suflice) with every twelve
fead EKG, When providing a writien EKG interpretation, however.
one should measare and document the amplitude of these wives in
millimeters.
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Left Chest Leads in LVH

inverted T wave

The T wave may show “Left Ventricular Hypertrophy™ characteristics. Cften thens
T wave dnversion with T wove asymmetry.

There is a charactenstic T wave that is commonly
associated with Ventricular Hypertrophy.

Since the left chest leads (V, or Vi are over the lefi
. these are weal leads 1o check for this 7
characteristic T wave that we find with LVH.

With LVH, the inverted T wave has a gradual downslope and
a very steep return to the . making it asyemetrical.
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right ventricular left ventricular
strain strain

icular hypertrophy may be nssociated with a strain pattern. With ventricular
ez, The ST segment becomes depressed and humped.

miricular strain is charactenzed by depression
he ST i segment

§rx

e : Strain is usually associated with ventricular hypertrophy, which

hgaca! since a ventricle that is straining against some kind of

pesistance {e.g., increased resistance from o narrowed valve or from
rpertension) will become hypertrophied in its attempt 10 compensate.

fentricular strain depresses the ST segment, which generally
genps upward in the middle of the

segment
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plus Rin Vi)

Note that lead V| provides most of the information concerming hyperirophy of the
hesin = Chambers,

When routinely reading a 12 lead EKG, you should check
Loy sed if there s of any of the chambers.

First, chieck lead Vo seef the Prwaves are

Second. check the R wave in V... and then check
the S wave in V and the ___ wave in V.

Note: You may now review Hypertrophy by tuming to the Personal
Quick Reference Sheets on page 341 and relate this to the simplified
micthodology that issummanzed on page 334,
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f?ﬂfm you begin, look at this chapter's summary on pages 334, 342, and 343.

Myocardial Infarction (M.L) results from the complete occlusion of a coronary
- artery. The infarcted area of myocardium becomes mecrafic (dead), 5000t can’i
depolarze or contract.

Note: Although the heart's chambers are filled with blood, the myocardium’s
own blood supply is provided exclusively by the coronary arteries. A
coronary artery can be gradually narrowed by lipid deposits that become
~atheromatons plague benedth the inrime lining of the vessel. The intima may
ceventually rupture, exposing the plague to the blood within the anery, This
~initiates the immediate formation of a clot {tframbies), The vessel, already
narrowed by the plague. becomes totally occluded by the thrombus. Instantly
the infarcted area of the ventricle (without a blood supply ) becomes necrotic.
Ventricular loct in the hypoxic-arca-around the infarct become very irritable;
this.can produce deadly ventncular archythmias,

Note: Myocardial Infarction implies the complete occlusion of a coronary
artery. which we can diagnose with the EKG. The electrocardiogram will also
tell us which coronary arery (or coronary branch) is occluded, and it can even
reveal any blocks m the ventricular conduction caused by the infarction. By
cireful interpretation of the EKG, we can also determine if a coronary vessel
is narmowed, réndering a decreased blood supply o the heart, Practical
lifesaving knowledge. Let mie show you. .

54
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thrombus occluding |
‘coronary artery

area of infarct

Myocardial infarction is-due to the occlusion of a coronary anery supplying the left
ventricle, so an area of the heart® is without a blood supply and suffers necrosis,

The terms “myocardial " coronary occlusion.” inif
and “heart attack” refer 1o the same serious problem,

The hean derives its own blood supply from the
arteries. so when a coronary artery or one of its major branches
is occluded, an-area of the myocardium is without blood supply.

The infarcted (necrotic) arey is primarily in the ventricle;
deadly arrhythmias may result,

Mote: We understand that the coronary arteries also supply the right
ventricle, so there is often some involvement of the right ventricle. But
since most of the critical problems originate in left ventricular infarcts,
myecardial infarction is usually conceptualized in werms of the leit
ventricle,

* In this llustration, ﬂmwﬂmuy anery has been “s.urgrmny removed 1o show the
of the coronary arteries ol the base of the aorto,
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Commonly, it s the thick lefi ventricle that suffers myocardial infarction.

left ventricle is the thickest chamber of the heart; so il

= coronary artenes are narrowed, the left ventricle {which

ses the greatest blood supply) is the first to suffer from
abstrucied caronary .

Hood is pumped to all parts of the body by the powerful,
. ventricle:

Noter When we describe infarcts by location, we are speaking of an
area within the left ventricle. Coronary arteries to the left ventricle
wsually send smaller branches to other regions of the heart, so an
anfarction of the left ventricle can include a small portion of another

artery

left
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Area of infarct
(no electrical activity)

The necrotic infarcted area of the left ventricle (that has no blood supply) is
elecirically dead and cannot depolarize,

Infarctions usually invelve an area of the wall of the
left

An area of infarction cannot be depolarized because
the cells there are without a supply, so they
are necrotic (functionally dead).

Nete: This necrotic infarcied area produces an electrical void, while
the rest of the heant (with an adeqguate blood supply ) functions as usual,
The infarcted region does not depolarize, 5o it does not contract,
thereby impairing the muscular function of the left ventricle. Also,
hypoxic ventricular foci nearby are often the source of serious
ventricular arrhythmias,
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Infarction

« Ischemia
* Injury

* Necrosis

¢ myocardial infarction triad is “ischemia,” “injury.” and “uncrqsis.’.' but any of
the three muy occur alone,

Nol e: Necrosis (death) of a ventricular region produces
1 myocardial cells that cannol depolarize,

e myocardial infarction trind is the basis for
enizing and diagnosing a infarction, myocardial

e word fiypoia means decreased oxygens in the heart it
wsually caused by fschemia, which literally means reduced
supply (diminished hlood flow ), blood

117

bote: fsehentia, infiery, and secrasis need not all be present at once in
wdier to establish the diagnosis of myocardial infarction. Routine EKG
serpretation requires checking these infarction eriteria,

263
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Ischemia: reduced blood supply

Ischemia (decreased blood supply) s charactenzed by inverted T waves,

Ischemia means reduced supply (from the
coronary arteries): the ischemic area 15 at the periphery
of the infarct.

The charactenstic sign of ischemia is the
T wave, It may vary from a shightly inverted
to & deeply inverted T wave,

Inverted ____ waves may indicate ischemia in the absence
of myocardial infarction. Coronary blood flow can decrease
withoul producing an infarction.

Mote: Cardiac ischemia alone can cause chest pain known as anging,
which is usually associated with transient T wave inversion,
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Ischemia

ot You should check every EKG that vou read for T wave
Jnversion. Since the chest leads are nearest the ventricles, T wave
hanges are most pronounced in these leads. Always run down V|
00V, (as well as the limb leads) and check for T wave inversion to
see if there is diminished coronary flow.

e T wave of ischemia is both inverted and

- that is, the right and left sides symimetrical
e inverted T wave are mirmor images,

e In adults flat (nonexistent) T waves or minimal T wave inversion
be d normal variant in any of the limb leads (frontal plane),
iwever, any T wave inversion in leads Vs through V, is considered
hological. Marked T wave inversion in leads ¥V, and V5 the hallmark
Wellens syndrome. alerts us o srenosis of the anterior descending
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Injury: means acute or recent

Injury indicates the scuteness of an infarct. Elevaion of the ST segment den
“mjury”’ sometimes called the “currént of injury,”

MNite: “Acule” means recent or new.

The 85T segment 15 that section of baseline between the
QRS complex and the ___ wave. The 8T segment
CONLLINS no Waves.

Elevation of the 5T segment signifies “injury,” The
ST segment may be elevated only slightly, or a8 much
a5 ten or more millimeters above the

5T segment elevation tells us that a myocardial
infarction is - It is the carliest consistent sign
of infarction to record on EKG.

‘MNote: Angina withoutexention, “FPrinzmetal’s” angina. can cause
transient ST elevation in the absence of an infarction.
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ST Elevation

here is 5T elevation, this indicates that the infarction s acute. ST elevation, alone,
wan indicate an infarction,

Woe: Onee you have made a diagnosis of infarction. it is important
2 know whether the infarction just oceurred and needs immediate
meatment, or iF the infarction is old — maybe years old,

e ST rises above the baseline with an acute segment
Sarction. in fact it is usually the earliest EKG sign of an '
farction, With time, the 5T segment returns o the baseline,

ate: If the ST segment is elevated without associated Q waves,
this may represent non-Q wave infaretion, which 1s usvally a small
mfarction that may herald an impending larger infarct. Significant
ST changes require enzyme studies and close scrutiny.

pie: A vemrienlar aneurysm (the sutward ballooning of the wall of a
veniricle) can cause persistent ST elevation in most of the chest leads;
St in this case. the ST segment does nof return to the baseline with
Bme. Pericarditis (next page) produces a unigue type of ST segment
sevation that may also elevate the T wave off the baseline.



spontaneonsly in patients with Brugada
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Brugada Syndrome

» RBBE pattern QRS with ST elevation in V, -V,
= sudden cardiac arrest (in absence of coronary obst

vy -\r“if}/—«‘i\r“’]r\/—
P

Brugads svidrome 15 o hereditary condition that can cause sudden death in
individunts without keart disease. Itis characterized by Right Bundle Branch
with 5T elevation in leads ¥, to V. Look for it; this malady s not rare,

Sudden cardiae death (cardiae amrest) can ocour

In Brugada syndrome there is RBBB and ST elevation
in leads V| o'V, The elevated ____ segments have a pecutiar,
peaked downsloping shape, particularly in V, and V.

Note: Brugada syndrome 15 a familial condition caused by _
dysfunctional cardiac Na* (sodium) channels. Prophylaxis against the
deadly arrhythmias requires ICE implantation in order o immediately
treat cardiac arrest (usually ventricular fibriltation.)

Note: This syndrome is responsible for nearly one-half of the sudden
deaths in healthy young individuals without structural heari discase.
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Pericarditis
flat or concave ST segment and T wave
elevated 5T segment elevated off baseline
(dashed line)

With pericardinis, the ST segment is elevated and usually flat or concave.
The entire T wave may be elevared off the baseline,

Note: Pericarditis is inflammation of the membrane (pericardium) that
arrounds the heart. Pericarditis may be caused by a virus, bacteria,

sancer, or other sources of inflammution, including myocardial

S anfarction.

arditis can elevate the ___ segment. It usually produces St

-1

elevaed ST segment that is lat or slightly concave

addle sags downward), This resolves with time.

Senicarditis seems 1o elevate the entire _ wave off the baseline: T
St 15, the baseline gradually angles back down (often including
e P wave) all the way to the next QRS (illustration on right),

= [

te: The characteristics shown in the left ilustrtion are found in
Seads in which the QRS is usially mainly negative (like the right chest

s ). The pattern shown in the right illusiration is seen in leads where
e QRS is mainly positive (such as the lateral and inferior limb leads).
emietimes PYC's are produced.
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| = Subendocardial Infarction
| » Positive Stress Test
| » Digitalis

The ST segment may become depressed under cern circumstanees or copditions.

Note! During an angina® attack, the 8T segment may be temporarily
depressed.

A subendoeardial infarction, an infarct that does not extend
through the full thickness of the ventricular wall,
will depress the ST segment.

When a patient with narrowed coronaries exercises, the
myocardium demands more blood flow than its arteries can
deliver, A stress (or “exercise”) test will record depression
of the ___ segment on EKG when such a patient is exercised.

Digitalis can cause of the ST segment,
however it has a unigque, unforgettable appearance
(see page 317). '

# Chest pain cavsed by diminished coronary blocd Mow (withowl infarction ),
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Subendocardial Infarction

(flat) ;ST depréas[nn

Subendocardial infarction causes fhat depression of the ST segmient; however, any
significant ST depression (in leads where the QRS is upright) indicates compromised
coronary blood flow until proven otherwise,

Subendocardial infarction (often referred to as subendocardial
Cinjury ) s identified by flat 8T depression, which segment
“may be cither horizontal or down-sloping.

MNoter Subendocardial infarction, a type of "non-Q wave mbarction”™
wnvolves only a small area of myecardium just beneath the endocardial
lining. Elas_:.-iuul myocardial infarction is said to be bransmural; that is,
the full thickness of the left ventricular wall is damaged in the infarcied
ar¢a. Even though subendocardial infarction involves only a small area
of the myocardiom, it must be respected as a true ML that requires

appropriate care. A subendocardial M.L may enlarge or extend and
become muore life-threatening.

Note: Any patient with acute ST depression (or elevation), particularly
if it persists, should have an immediate, complete workup including
-cardiac enzymes.
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Necrosis: dead tissue

Q wave
(diagnostic for infarction)

The () wave indicates necrosis (dead tissued and makies the diagndsis 'of infarction.

The diagnosis of myocardial infarction is usually based on the
presence of significamt ___ waves produced by an area of necrosis
i the wall of the left veéntricie.

‘Note: The Q wave is the first downward stroke of the QRS complex,
and it is never preceded by anything in the complex. In the QRS
complex, if there 15 any positive wave — even o tuny spike — before
the downward wive, the downward wave 1$an 5 wave (and the upward
wave preceding it s an R wave).

Sigmificant are absent in normal tracings.

We use a capital “Q)" 1o designate a stgnificant Q) wave,
however "q”" (small, lower case q) waves are not significan
{se¢ next pagel.
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insignificant g waves

The earliest ventricular depolarization is initiated by
Left Bundle Branch fibers at mid-septum
(and moves left-to-right)...

... producing tiny q's in some leads.

nally. venineular depolarization begins midway down the interventricular
Hpmm Septal depolarization {imitiated ot mid-septum by the Left Bundle Branch)
ﬂi teft-to-night. and this nitiad rightwird ventricular sctivation may produce tiny,
msrqu{ﬁmnr if (small gy waves in leads where the QRS is usually upright,

s¢ Right Bundie Branch traveries the septum vertically
thout branching, however the Bundle Branch gives Len
terminal Porkinje filaments w1 mid-septum.

) this initial mid-septal depolarization moves lefi-to-right, away from;

v the positive left arm electrode of lateral leads Tand AVL, and. ..

= the positive left foot electrode of inferior eads 11, 111, and AVE, and. ..

-+ the positive chest electrode of left chest leads Vo and V.

--. to occasionally record tiny, insignificant __ waves in those leads, q
: This mid-septal depotarization is brief since the efficient

ventncular conduction system quickly trunsmits depolarization to

e endocardial surface of both ventricles, So brief is this mid-septal

depolarization that only a tiny g wave of less than .04 second i
scorded. Insignificant g waves are, by definition, less than one
millimeter (.04 sec.) in duration.
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Significant Q waves

o . i ey

] i T i o -l - P 52

or

11,01 GRS amplitude | ()

A significant ( wave i at beast onesmall square wide (.04 see.y or one-third of the
entire QRS amplitude. Significant (3 waves indigate the necrosis of a myocardial
infarction,

Significant @ waves are indicative of the necrosis
of a myocardial ‘

A sigmificant Q wave is one small square (one millimeter) or more
wide, and therefore 18 at least  secomd or more in duration.

A old, but persistent, criterion of the significant Q wave
is when the Q wave is the amplitude
(height and depth) of the entire QRS complex,
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- When looking at an EKG tracing, note which leads have significant ) waves.
C0mit lead AVERD Keep in mind the léads that make up the fateral. inferior. and
chest lead designations.,

To check for an infarction, we scan all leads (except AVR)
$or the presence of ) waves: significant

Mote: Forget about lead AVR, since this lead 15 positioned in such a
“way that data regarding Q waves are unreliable. Lead AVR s like an
~upside-down lead 11, so the large Q waves that are commonly seen in
lead AVR are really the upside-down R waves from Jead 1L Even if
you-don’t understand the logic behind AVR's phony (', don’t bother
10 cheek it for signs of infarction.

Whin examining a tracing. either a long strip or mounted, write
down those in which you find significant Q* waves, leads
- ST segment elevation {or depression), and inverted T waves,

* For proper documentalion, insigaificant ¢ waves should be recorded as well.

e
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Left ventricular depolarization moves in
opposite directions (simultaneously)
in opposing walls

Left Ventricle Laft Ventricie
sagital section top view

Purkinje fibers conduct so rapidly that depalanzation &= initiated in sl endocardial
surfaces lining the keft ventricle nearly simullansously. So, depolanization passes
from endocardium to epicardium in all left veniricular arcas st onge.

“MNote: Vectors describe the path of myocardial conduction
(endocardium to epicardium), so left ventriculur depolarization
moves in opposite directions in opposing walls simultaneously.

In the left ventricle; depolanization of the kateral wall
moves toward the patient’s left, while depolarization
of the medial (septal) wall moves twward the

Depolarization of the anterior left ventricular wall moves
anteriorly, while simultancously, depolanzation of the
postertor left ventricular wall moves ina direction.
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Positive electrode sees through
the electrical void of an infarct

electrical void of electrical void of |
necrotic infarct L waﬂtlnm}_l

i X x A
il e +
Left Ventricle Left Ventricle
sagital section | top view

An ifarct is necrotic; it cannit depolanize and has no vectors, So, the positive
electrode nearest the infarct deteels no “toward™ vectors, it sees only the “away™
vectors from the opposite wall (through the necrotic vaid)y, Therslore, a 0 wave is
mscribed on EKG in the leads which use that pusitive electrode for recording,

¢ Depolarization moving away from a positive elecirode records
a fegative wave (in this case a Q wave) on ERG.

ole: Take your time and visualize each sentence as yvou read i,
In recording the initial left venriculiar depolarization:

= with an anterior infarct, the positive (chest) electrode detects only the
initial “away™ vectors from the opposite side, 30 4 Q IS inscribed on EKG
in leads V', -V, which use that positive ¢lectrode for recording.

with a fareral infarct, the positive left arm electrode detects only the
mnitial “away” veetors from the opposite side, so a Q is inscribed on EKG
i leads | and AVL, which use that positive electrade for recording.

with an inferior infarct, the positive left foot electrode detects only the
mitial “away” veetors from the opposite side; so a Q is inseribed on EKG
m leads 11 11, and AVFE, which use that positive electrode for recording.
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‘anterior
infarction

/\.

A%

Q wavesin V, Vo, Vi or ¥V sigmfy an amteror infarction. The infarction in the:
illustration is definitely acute, because of the ST elevation in all four leads.

Vs

MNote: The chest leads are mainly placed anteriorly, so this.isa good
way 1o remember the leads for anterior infarction.

The presence of (Q waves in ¥, Vy, Vi, or V, indicites an
infarction in the anterior wall of the ventricle.

‘Node: The anterior portion of the left ventricle includes part of the
interventricular septum. Some cardiologists say that when isolated

Q waves appear in V', and V. the infarction includes the septum,

50 it is called an amm: sepral infarction. Similarly, isolated Q waves
in ¥y and V, imore laterally located chest leads) are said to represent
an antero-lareral infarction. Remember that (insignilicant) g waves
wre seen normally in Veand V.

Note: Statistically, anterior infarctions arg very deadly, but Iri:nﬁunntg:ly_.
immediate treatment with intravenous thrombolytic medications or
angioplasty with stenting has improved the survival rate substantially.
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............. _ + Iand AVL

+ [
“inferior” leads (. II, I11, and AVF

The positive electrode that 1s used o record the lateraf limb leads, Land AVL, ison
the left arm, The positive electrode used w record the inferior limb leads, 11 101 and
AVE, is on the left “foor.”

The Tateral limb leads are 1 and AVL; thu::.r are recorded
by a positive left arm electrode

Nawn,.. excose me,

The mtencr leads are 11, 1T, and AV, they are recorded

by u positive electrode on the left foot

Note: Yes. it is necessary to have this page here. You'll see why
in just a few seconds,
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lateral
I ' infarction

o

If there are ©Q waves in the lareral leads, T and AVL, there 15 a lateral infarction.

Note: Depolarization moving away from a positive electrode records
a pegative wave {in this case 3 Q wave) on H{G

A lateral infarction involves the fareral portion of the ventricle.

In lateral infarction, the positive left arm electrode senses only
the initial “away" vectors from the opposite (septal) wall,
0 it records 1 Q wave in the lateral cTand AVL.

When u fareral infarction occurs, Q wives appear in the
Teterval leads, which are leads Land Q) waves are
preduced by the initial “away™ vectors recorded by the
positive left arm electrode through the void of the necrotic
fateral infarct,

Nate; One might abbreviate Lateral Infurction as L1,
which is diagnosed using leads AVL and |
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inferior
infarction

P nm o

11
Inferior infarction 1 diagnosed by the presence of Q waves in the fferior lesds, 11,
11, and AVE. Check the 5T segments 1o see if this infarction is scute.

Note: Depolarization moving away from a positive electrode records
a pegative wave (in this case d G wave) on EKG.

“The inferior wall of the left ventricle rests upon the diaphragm,
w0 the alternate term “diaphragmatic” infarction is occasionally
used mstead of “inferior” infarction

In inferior infarction, absent the initial “toward™ veciors,

the positive left foot electrode senses only the initial “away™

- weetors from the opposite wall, so it records a Q wave in the

inferior AL L, and AVF. leads

_An iaferior infarction is identified by significant Q waves

m inferior leads 1, Ul and ____ ; Q waves are produced by AVF
 the initial “away” vectors recorded by the positive left foot

Elﬁctnuie through the void of the necrotic inferior infarct,

Note: Autopsy datd show that about one-third of inferior infarctions
also include portions of the right ventricle.
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Left Ventricle

Anterior

10LIg1s04

Depolarization of the anterior wall-and depolatization of the pesterior wall of the left
venlricle are in opposite directions,

Note: Left ventricalar depolarization miay be sail 1o proceed from
the endocardium (inner lining) to the epicardium (outer surface).

Depolanization of the anterior wall of the left ventricle
proceeds from the inner endocardium, which lines the
ventricle, through the Tull thickness of the ventricular

witll 1o the auter ventricular surface ( .

Simiarly. depolarization of the pesterior wall of
the _ ventricle proveeds from the endocardium
to the epicardium.

So, vectors representing depolarization of the anterior
and the posterior portions of the left ventricle point in
directions,
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Acute Anterior Infarction
(note ST elevation)

e

i
!

P

]
By

V, V,

1F an gcute antenor infarction produces Q waves and ST elevation m V and ¥,
then a postenior infarction would appear the opposite.

gﬂm acute anterior infarction produces significant Q waves
with 5T in the first few chest leads. elevation

~onsidering only V, and ¥, the appearance of

#ngﬁi:a.nr. () waves .'md ST elevation indicates

acute infarction. anterior
{antero-sepal )

Note: Acute posterior infarction of the left ventricle would
produce the exact opposite to the pattern of acute anferior
‘nfarction, because the anterior and posterior walls of the
left ventricle depolanize in opposite directions. This will be
‘clarfied on the next page.
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Lead V, or Lead V,

Anterior Posterior
Infarction Infarction

In acute Posterior Infaverion there is a large R wave (the opposie of a § wave) in
V, and Vs,

Note: In lead ¥V, a Q wave urmed upside-down would look like an R
wave (and as you recall, R waves in lead ¥, are normally very tiny).

A significant 0 wave™ from un infarction in the posterior portion
af the ventricle will cause 4 large R (positive deflection)
wive o appear in lead V.

Suspect a true posterior infarction when you seea large ___ wave
in V', or Vi, —even though Right Ventricular Hypertrophy can
also produce a large R in V.
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Acute Posterior Infarction

1 agute posterior infarction, there s ST depression (the opposite of the usual
ST elevation of Injury]) in ¥V, or V..

Acute anterior infarction produces () waves in the chest leads
and the 5T scpmentsare elevated

anj.!. Since the posterior wall of the left ventricle d:pn!mm i i
direction opposite to that of the anterior wall, an acute infarction of
the posterior wall couses ST depression in V) or Vi,
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acute posterior
infarction

Insummary; scute posterior infarction is :hum-:mnxpd by a large R wave and
ST depression in Vi oor V, (sometimes even in "'-",,}

Note: Always be suspicious of ST segment depression in the nght chest
leads, for it could indicate an acute posterior infarction. IF you do not
remember those things that can cause ST depression, look back at page
270, For instance, the diagnosis of an “anterior subéndocardial
infarction” (because of depressed 8T segmients inchest leads, see page
271) should be made only with extreme caution. because this ST
depression may sciually represent an acute e posterior infarct,
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- r&versad tr&nsiilurninatinn |

If you sispect an acute posterior mfarction (large B wave and 5T depression in
Vo or V., then try “reversed trans-illumination™ o the “mirror st You must
follow the instructions for each test precisely.

‘Note: If acute posterior infarction is suspected becanse of tall R waves
and 5T depression in ¥V or Vy — wry reversed trans-illumination or the

Mirror sl Bmh of I.h:ESE‘ Lests. rr:qu:r: thit :mu m_;ﬂ_m;_w

* Reversed trans-illumination: First, invert the EKG tracing, then hold
the inverted tracing so that it faces a strong light, Observe the back
side of the tracing 1o check For “0Q waves and ST elevation” in the
inverted V, and V, leads.

= Mirror Test: Fiest, invert the EKG tracing. then observe it ina
mirror, IF there is an acute posterior infarction, you will see the
classic signs of “Q waves and 8T elevation™ in the reflection of the
mverted V' and V. leads,

Note: With cither test, remember to fiest invert the tracing, Then face
the tracing towsrd a mirror for the mirror test; or for reversed trans-
ilumination, place the tracing in front of a strong light, viewing the
EKG through its back side.
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Always Check V, and V, for:

1. ST elevation and Q waves
(Anterior Infarct)

2. ST depression and large R waves
(Posterior Infarct)

Although pesierior infarctions are severe, they are easy 1o overlonk,

When making vour routine reading of an EKG, pay special attention
to deads Vo and _ while looking for signs of infarction,

Note; 8T changes in V| and V, are always significam and important...
bath depression and elevation,

Check for () waves in V, and V, and be sure 1o observe the
height of the __ wavés.

Note: And remember how important T wave inversion can be in all leads,
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=

EKG diagnosis
. of infarction
\ LBBB
7

The EKG diagnosis of infarction 1s-generally not vahd m the presence of Left Bundle
Branch Block.

I Left Bundle Branch Block the left ventricle {generally,
the main chamber 1o suffer infarction) depolarizes after
the ventricle depolanzes, rght

Soany O wave onginating in the left ventricle could not appear

at the beginning of the QRS (with Left BBB): rather, complex
it would fall somewhere in the middle of the QRS complex. In

this instance it would be difficult to detect sigmficant Q waves.

Nete: One special exception is possible, The right and left ventricles
share the interventricular septum in common. Soan infarct in the sepral
area would be shared by the night ventricle, which depolarizes first in
Left BEB. This would produce € waves at the beginning of the wide
ORS. Therefore, even in the presence of Left BBB, Q waves in the
chest leads might suggest {but not confirm) septal (anterior) infarction.

28l
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‘where infarctions commonly occur.

Chapaer . Infarctiot finclades Hemiblock )

Posterior Latsrad
=large Rin Vy, V =

'hﬂrﬁﬂulﬂhﬁt : «Qinl, AVL
* mirror test

Anterior

Inferior «Qin Vy, Vs,
= Qin I, 111, AVF V3, or V4

Locating an mfaret i important because treatment modalities and prognoesis depend.
on the location of the infarction.

There are Tour general locations within the ventricle

Nate: More than one area of the left ventricle may infarct. One
infarction may be very old, while another is very recent (acute). So
correlate the 5T elevation with the appropriate leads both 1o locate, and
to determine the acuteness of each infarct. If ST elevation is present in
leads withenit £ waves, “non-0) wave infarction”™ must be ruled out.

Be careful about diggnosing an infarction in the
presence of Bundle Branch Block.

Note: lsolated areas of Ischemia (T wave inversion) or 8T ¢levation
without £)'s (for non-0) wave infarction) can also be “located” by using
the same location criferia,
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It is common practice to detenmine the location of un infarction, bt with a little
anatomical knowledge of the heant's coranary blood supply®, we can make a far
more suphisticated diagnosis.

There are two coronary arteries that provide the heart with a
continuous supply of oxygenated blood

Quickly review the illustration.
The Left Corenary Artery has two major branches; they are the _
Circwmflex branch andthe ___ Descending branch. Anterior

The Right Coranary Artery curves around the right
L vemricle

* The puliiwinary atery has been “surgically” remaved in this illustration trshow the:orgin
of the coronury nmrnﬂu the base of the aort,




supplies blood to the anterior portion of the
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lateral

. 4' infarction
: “:r _L

anterior
oo

ﬁfﬁ¢

Vi Yy Vi W

A lereral infaretion is caused by an Geclusion 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 Coranary Artery.

The Circumflex branch of the Left Coronary Artery distribuies
blood wo the portion of the left ventricle.

The Anterior Descending branch of the Left Coronary Artery
ventricle,

The Circumflex and the Anterior Descending are the two main
branches of the. Coronary Artery.
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acute posterior
infar

True posterior infarctions are generally caused by an occlusion of the Right Coronary
Anery or one of its branches.
posteriorly tosupply the  portion of the left vemricle.  posterior

8o, a posterior infarction usually is caused by an oeclusion of a -
mch of the Coronary Artery. Right

Note: For a long time the Right Coronary Artery was thought to play
,nnl:f & minor role i supplving blood to the heart. Sophisticated
techniques of cardiac catheterization and coronary angiography have
shown that the Right Coronary Antery usually provides the blood
supply to the SA Node, the AV Node, and the His Bundle. It is no
wonder that acute posterior infarction is often associated with serious.
archythmias, Wise health care providers treat posterior infarction with
concern and respect.
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The base of the left ventricle receives its blood supply from branches of gither the
Right or the Left Caronary Antery, depending on which artery is "dominant.”

Inferior (“diaphragmatic™) infarctions are caused by an occluded
terminal branch of gither the Right or the Coronary Artery.

So the diagnosis of inferior infarction does not necessarily identify
the artery branch that is occluded, unless you have a previous.
coronary arteriogram (an x-ray highlighting the coronary arteries)
to identify which artery supplics the inferior portion
of that patient’s left ventricle.

‘Note: Left or Right Coronary “dominance” denotes which coronary
artery is the major source of blood supply to the base of the left
wentricle. Right Coronary dominance is by far most commaon in
hurmans,
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Hemiblock

AV Node =

[mumm —

Left Bundis Branch |

_1“__,.1- ; g = —

-

Heniiblocks are presented in this section (Infarction) becawse they commonly oceur
with infarction and an associated diminished blood supply 10 one of the two divisions
‘of the Left Bundie Branch,

Note: The Left Bundle Branch subdivides into two divisions.

The hemiblocks are blocks of cither the Anterior or the
Posterior Division of the Bundle Brianch. Lefi

Hemiblocks are commaonly due 1o loss of blood supply w
‘either the Anterior or the Posterior of the Left Division
Bundle Branch.

Note: The Right Bundle Branch does not have consistent, named
“subdivisions of either clinical or electrocardiographic importance (vet).
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Anterior Descending Branch
-of the Left Coronary Artery

A

To understand bemiblocks, you should be familiar with the blood supply to the AV
Node and the ventricular conduction system, Follow text and illustration closely.

The Right Corenary Anery usually renders a blood supply®
1o the AY Node, Bundle of His and a vaniable twig 1o the
Posterior Division of the Left Branch.

The Left Coronary Artery also sends a variable twig to
the Posterior Division of the Left Bundle ;

A total peclugion of the Anterior Descending branch of the

Left Coronary Artery may cause a subsequent Right Bundle Branch
_ with an Anterior Hemiblock (a block of the Anterior

Division of the Left Bundle Branch). Study the illustration carefully.

MNote: The key to-knowing hemiblocks is understanding thatan infarction
may be due 1o an occlusion of a vessel at any of numerous locations, and
therefore may cause a variety of blocks of the Bundle Branch system.
There can be single blocks of a bundle or division, or combinations of
thvese blocks, that spare one or more branches. A coronary obstruction that
is not quite complete may cause an infermittent block.

* Let's not Forges thial the SA Node is ussally dependent on the night compery amery,
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Anterior e

Hemiblock ) \\

* LAD - usually assoc. with an M.L
(or other heart disease)

* Normal or slightly widened QRS
* Q;5;

- Anteriar Hemiblock refersto a block of the Anterior Division of the Lefl Bundle
Branch, and the above criteria are used in the diagnosis.

it Shghl delay of conduction to the antero-lateral and

perior area of the left ventricle causes (late) unopposed

polarization upward and leftward, recognized on EKG

Lennt Deviation. Acute LAD is usually whin makes Axis
i suspect Anterior Hemiblock.

ith pure Anterior Henablock, the QRS is widened only
10 .12 sec., but association with other blocks of the
e system will widen the QRS more. Branch

erior Hemiblock is a block of the Anterior Division of the

it Bundle Branch. Finding o Q in L and o wide andlor deep

i T 0,547 helps to confirm the diagnosis of 5
wnterior Hemiblock.

Note: The patient’s previous EKG's are essential in making a diagnosis
of Anterior {or any) Hemiblock. "t'::ru mieest alwirys rule oul pre-existing
sources of Left Axis Deviation, e.g., Left Ventricular Hypertrophy,
“horizontal hean,” or Inferior lnfnrcliﬂn,
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Anterior Hemiblock

An occlusion of the Anterior Descending coronary antery produces an Antenor
Infarction, and about one-half of these patients develop Antenor Hemihlock.
Study the illusiration on page 296,

Anterior Hemiblock is a block of the Anterior Division

of the Lelt Bundle Branch. which produces unopposed, late
superior-feftward depolarization in the left ventricle,
resulting in Left Axis s

An occlusion of the Amiertor Descending coronary artery
will produce an Amrerior Infarction, which often causcs
Amierior - That's easy (o remember. )

If & patient with an acute Anterior Infarction has an associnted
Axis change from normal 10 -60°, you should suspect
Anteror {and look for Q5,1

But if & patient with an Inferior Infarction develops Left Axis
Deviation, don’t jump to hasty conclusions! Inferior Infarction
can cause LAD, so Hemiblock may not be the
culpnt.
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Anterior Hemiblock + REBB

'_ infarction of the antenior wall of the lefi ventricle (due 1o an occluded Antenor
Descending branch of the Left Coronary Anery ) may cause Anterior Hemiblock
atid Right Bundle Branch Block. Review the illustrution on page 24,

ote: Don't forget that the Anterior Descending also renders blood
<upply to the Right Bundle Branch, so Anterior Infarction may have an
associated Right Bundle Branch Block, depending on the location of
scclusion.

Vith Right Bundle Branch Block, the Mean QRS Vector
within the normal range or shows minimal Right
il Deviation

fowever, when a patient develops a Right Bundle Branch
Biock with Left Axis Deviation as well, this is probably
sused by Anterior Hemiblock, pal'{ll:lllﬂﬂ}? if there is an
seuie Anterior Infaretion
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)

Posterior
Hemiblock

* RAD - usually assoc. with an M.L.
(or other heart disease)

» Normal or slightly widened QRS
. 513;

Pure, isolated Posterior Hemibloek 15 rare becanse the posterior division is short,
thick, and commonly has & dual blood supply. See the illustration on page 296.

An inferior infarction may impair the blood supply to the
Posterior division of the Left Bundle :

Posterior Hemiblocks cause Right Axis due
to the late, unopposed depolarization forces wwward the-
right,

When Posterior Hemiblock is suspecied. look for a deep or
unusually wide S in | and Q in I (known as 5,0 10 help
confirmthe ___ of Posterior Hemiblock.
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Posterior Hemiblock

= Al A S mepte ...,L-«._

I ) m AVR AVL AVF

Vs Vv, Vs Vs Vs Ve

Posterior Hemiblock is alvways to be respected, and all Inferior Infarctions should be
scrutimized 1o rule it out,

A lateral infarction, either recent or old, can cause

Right Axis Deviation, which can be confused with

Posterior Hemiblock. In the presence of a ML, lateral
the EKG diagnosis of Posterior Hemiblock is equivocal.

Muke certain thiat by history and previous EKG's,

chronic Right Axis Deviation due to slender body build

{"vertical heart™), Ventricular Hypertrophy, Right
and pulmonary disease, etc. are ruled out.

Note: Posterior Hemiblock is serious, and when associated with Right
Bundle Branch Block, this combination is considered very dangerous
because of the tendency to progress into AV Blocks.

Imporant!: AV Block refers to “atrio-ventricular block™, that is, a
bleck between atrial depolarzation and venineular depolanzation, so
we commaonly think of a block in the AV Node or in the His Bundle.
However, simultaneous blocks of both Bundle Branches can block AV
conduction. Also, RBBEB in association with the simultaneous blocks of
Brerth divisions of the Left Bundle Branch can produce a block of AV
conduction, Please contemplate that for a while.
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Yes, vou see an and m the Left Axis Deviation quadrant, & memary ool for Lefl ax
shilt suggesis Amnterior Hemiblock. And, that's a “rid " (short for “radiation” ) sign e
a parst that represents o shift 1o Right Axis Deviation suggesting Posterior Hemiblo

For some reason this silly ilhistration will stick in your mind. |

When & patient with a normal axis shifts into an abnormal axis,
particularly when associated with a serious cardiac event,
we suspect :

A shaft from normal axis o Right Axis Deviation
{remember the “rad post™) is charactenstc
of Posterior

A shift from normal axis to Left Axis Deviation
(zet that @#&% !* inseet off my illustration!)
s charaeteristic of Anterior :

* | wonder how the Bipanese translators will diad with that?
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Bifascicular Blocks

)

RBBB RBEBEB Ant. Hemiblock
+ Ant. Hemiblock + Post. Hemiblock | + Post. Hemiblock
(=LEBB)

The word “fasciole™ means bundle (bundle of Purkinje fibers), w0 any main division
of the ventrcular conduction sydtem is a faseicle, Both Bundle Branches as well a8
both divisions of the Lelt Bundle Branch arg fascicles.

‘Note: Previously, “Bundle” implied only the Right or the Left Bundle
Branch. But now, to avoid confusion for combinations of blocks (e.g.,
Hemiblock + Bundle Branch Block) we use a more inclusive term,
“fascicular” block, o denote a Bundle Branch Block with a Hemiblock.

(Note: “Bifascicular” block means that two fascicles are blocked.
Anterior Hemiblock plus Posterior Hemiblock is clinically the same as
Left Bundle Branch Block. So Bifascicular Block generally refers to
Right Bundle Branch Block together with a block of gither the Anterior
Divasion or the Postérior Division (of the Left Bundle Branch).

Note: A block of both the Right and the Left Bundle Branch is a
Complete AV Block. Right BBE plusa block of both the Anterior and
Posterior Divisions (of the Lefi Bundle Brunch) is also a Complete

AV Block. Complete AV Block is very serious since only a ventricular
focus remains 0 & {eoow (v pace the ventricles... so slowly that
syncope often occurs {srway!) and a patient’s life is at siake,

‘Note: When Bundle Branch Blocks or fiscicular blocks are
inrermittent, we don Usee them continuously on monitor or EKG
tracing; just occasionally,
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Intermittent Block

Intermittent block of one fascicle:
continuous normal EKG pattern -

= with intermittent wide QRS pattern characteristic
of the type of intermiftent Bundle Branch Block
prasant. _

* or with intermittent change of QRS Axis
{i.e., QAS orientation changes intermittently)
typical of the type of intermittent hemiblock
present.

Permanent block + Intermittent block:

= continuous EKG signs of one permanent block
with infermittent EKG signs of another block, as
long as a third fascicle conducts normally.

Fortunately, combinations of (fascicular) blocks are often infermifrent, making them
guite obvious: Intermittent change in QRS axis (e.g., upright QRS's that transiently

change 1o downward QRS 's) usually indicates infermitent hemiblock. and a steady
rhythm with transiently widened QRS's suggesis-lniermiftent BRB.

Intermittent block miy exist in more than one fascicle in the same
patient, producing a variety of transient changes of Axis
{intermitient [anterior or postenor] hemiblock) or...

dransiently widened QRSs typical of intérmittent (left or right)
on EKG or cardiac monitor®. Don’t tgnore these intermitlent changes:
document them and give proper notification,

Note: Like a failing light bulb that occasionally flickers, sick fascicles
may suffer intermittent block. As a fuiling, Mickering light bulb
eventually burns out, similfarly, intermittent fascicular blocks often
warn of impending permanent block of the fascicle. With a pre-existing
permanent block of another fuscicle, intermuttent fascicular block can
be @ timely warning (the only warning!) of an imminent complete block
(that's why the first word on this page is “fortunately™). In most cases,
permanent block plus intermittent block s an indication for an aruficial
pacemaker.

® It i3 important and challenging to differentiate between intermittent anterior and posterior
hemiblock, 45 wéll as imtermittent rightamd lefi Bondle Branch Biock. You know how
already, bul a liftke review wiouldn™thort,
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_ Intermittent Mobitz
| ..occasional non-conduction of all fascicles simultaneously

"

e RBBB and Ant, Hemiblock
T < +intermittent Post. Hemiblock

Diecazional
signs of
ventricular
non-conduction

b RBBB and Posl. Hemiblock
< TS 4 Intermittent Ant. Hemiblock

e o B g

& Ant; and Fost: Hemiblock IZ-T-""
.r I_',...-'-"':- ..'l.:..q {LHBB'

I \® + Intermittent RBBE Intermitiznt Mobitz

@f‘.‘ﬂ_nﬁirj&rm,g the three pathways of ventricular depolarization, it becemes apparent
that one Fiscicle must remain functional a1 least intermitiently 1o provide AV
cosduction. Exrly detection allows for eardy intervention (sce page 199),

“Trifascicular” blocks are diagnosed only when onc or
e of the fascicular blocks is . intermitient
rwise there would be no AV conduction.

Also, the diagnosis of “bilateéral”™ (Left and Right) Bundle Branch
_ is made only if one of the Bundles has an Block
rmittent block (or there would be no AV conduction).

Note: If all fascicles are permanently blocked except one that has an
intermittent block, then an intermittent Mobitz pattern (occasional non-
* conduction to the ventricles) will emerge. 1f that Mobitz pattern beeomes
more frequent in the tracing, or if a continuous Mobitz 2:1 pattern begins,
- or worse yel, 1 there is-a continuous high ratio Mobitz block; there is o
strong hkelthood that complete AV block is imminent and an implantable
pacemaker is needed, Knowledge plus vigilance saves lives,

Wamning! With Mobitz, every eycle missing its QRS has a regular,
punctual P wave — but mever a premature P wave
{see Mote, page 128). This distinction is critical!

Note: Quickly review from page 295 1o this page.
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Patients with acute myocardial infarctions are placed in coronary care units and
monitored comtinuously. In most hmpif:llﬂ patients with symptoms {only k of
myocardial infarction receive the same cautious care. Patients with no physical
symptoris of infarction but with definite EKG eriteria of acute infarction
(“silent infarction”) require admission and monitoring also,

Note: Just as medical treatment of archythmias changes with the times,
sov do the attitudes towadrd indications for artificial pacemakers,
angioplasty with stenting, coronary bypass procedures, and
thrombolytic treatment. Keep up with the changing standards in
your local medical community, read the current literature, and
alwayy kaow the basics.

You should always know how to determine the location of
an infarction and the vessel(s) involved, as well as their
association with

In patients with myocardial infarction, be alert for subtle
changes of Axis (change of QRS onentation in the same lead),
and also rhythm changes that may indicate impending

AV block. Vigilance is cntical.
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Remember that the patient's history and ¢linical diagnosis are still the most valuable
tools you have (using your knowledge and fudgment) in determining infarction and
infarction-related problems.
ERKG has never become obsolete because it provides more
information than any other diagnosuc modality. cardiae
re s mo substitwe for oblaming an accurate : history

n if it is velunteered by witnesses to an event,

' though the laboratory provides much useful information,

i s an immediate dingnostic gift for those skilled EKG
L1t interpretation.

Note: The valoe of an EKG increases multifold when it is compared
1o @ patient’s previous tracings — gel them as soon as possible!
Incidentally, 15 this a photo of Dr, Paul Dudiey White, and who

is his examining physician with the Elvis sidebums?

Note: Review Infarction by wirning to the Personal Quick Refereénce
Sheets on pages 342 and 343, and again, look at your simplificd
methodology (page 334).

gy
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You now have the knowledge and certainly the interest and enthusiasm o interpret
EKG's, but always do it methodically, Beginowith Rate, then Rhythm, Axis,
Hypertrophy, and Infarction. Get accustomed to this routine.

Note: In the excitement of an emergency you may be tempied 1o

hunt for @ waves, By breaking the routine you will inevitable miss
important disgnostic information - valuable information necessary for
the proper treatment of the patient, Keep a «cool head and read every
EKG properly. Your patienits will benefit from your thoroughness,

Note: Take one finad look ar page 334 and review each siep of the
entire methodology. Then (please) slowly review all of the PQRS
pagnﬁ from 334 to 343, But before you close this book there is some
very hielpful information in the Miscellancous chapter. It is next.
N, you aren’tdone yet,

il il e
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Chapter 10: Miscellaneous
Betore you bagin, look at this chapter’s summary on pages 344 to 346.

Miscellaneous Effects

Pulmonary
Electrolytes
Medications

Artificial Pacemakers

Heart Transplants

The above effects are comman to, but not necessanily diagnostic of, cermaim conditions
or situations that can produce recognizable changes on the EKG.

Mote: Certain effects may be recognized by their characteristic
appearance on the electrocardiogram or on cardiae monitor, For most of
the conditions 1o be discussed in this section, the electrocardiographic
signs merely alert us 10 be aware of existing conditions, certain
pathology, or drug or electrolyte effects, But 1o confirm your suspicion,
you should review the medical instory, camry out a detailed physical
exam, and obtain proper diagnostic tests. Rarely is o diagnosis based
entirely on any of the following EKG findings, however they are
exceptionally helpful,
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Three Important Syndromes
detection can save a life

Brugada Syndrome % ¥ Blen
« REBE with ST elevation =l
in Vs, Vo, and Vs (see page 268) o [\ “’L/\fvv

* susceplibie to deadly arrhythmias |
: . |
Wellens Syndrome i Ui EEEE S
» marked T wave inversion in V; and V3 ;““} I AL & BV el
+ Ant. Descending Coronary stenosis ¥) by
Long QT Syndrome | l
-thlhngarﬂﬂnidmmnﬂh R ESL |
* predisposed to ventricular arrhythmias ], ey

Each of thise perilous syndromes aré casily detected in relatively asymptomatic
patients. Routine examination of all ERG’s for these innocusus-looking hallimarks
can avoid an inevitable demise, Conventional treatment offers the patient reasonable
longevity. The satisfaction of saving a human life is your reward for your vigilance.

Patients with Brugada Syndrome, a familial condition,
may succumb to deadly arrhythmias; implantation with
an ICD can prevent sudden . death’

Wellens Svndrome, caused by 6 stenosed antertor descending

coronary artery, is casily recognized. Angioplasty with stenting

or a coronary hypass grafl can remove the imminent penl

of impending myocardial : infarction

There are six known lorms of (hereditary ) Lorg QT Svadvome;
these patients are predisposed 1o dangerous ventricular archythmias.
A long QT interval exceeds one-hall of the cyele, cardhiac

‘Note: If everyone who reads this book becomes familiar with, and
routinely looks for, these important diagnostic signs, it will serve
humanity immensely. A glance at the right chest leads and observing
the QT interval 1s sufficient.
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Chronic Obstructive Pulmonary Disease

lead | ——us

lead Il —/—r——rt

' lead 111 e

LChronie Obstractive Pulmonary Dizease (COPD) often produces low voltage
amplitwde in all lemwds, and there is wsaally Right Axis Deviation,

thnmic Obstructive Pulmonary Disease (COPD} commonly
produces QRS complexes of small amplitude® in all leads,
ETH fact, all waves in the EKG are minimized in

With COPD, the right ventncle works against considerable
gesistance, 5o there is usually some degree of Right Ventricular
‘Hypertrophy and therefore assoclated Axes Deviation
dnotice negative QRS's in lead 1).

b Note: Multifocal Awial Tachycardia (MAT) is also seen with COPD.

* Low voltage i all leaks akso apgoars with hypothyraidisim and chronic consrcive
pemcardilis,

31

COPD

Fight




8,0y Ly syndrome characterizes scute cor pulmonale resulting

There is usually ST segment __inlead IL depressio

Chaper 10 Misgellangons

Pulmonary Embolus

| slargeQwaveinIll
(with T wave inversion) |

With Pulmamary Embolus we usually sé¢ a large S wave in lead 1, and a §) wave and
an invertgd T wave in bead HL 5,0y L 0%,

from pulmonary embolus. 11 s called 8,0 L because
of the large S wave in lead 1, and there is-a Q) wave and an
inverted T wave in lead

Note: Notice the typical tendency toward Right Axis Deviation (lead 1),

* D't be conficsed by the invered T in the prinded text. s 6 grend memory tood,
even if the publisher dislikes it,
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Pulmonary Embolus

*T wave inversion V-V,
*Aransient Bight BRA.

Mm with pulmonary embolus; there 15 usually T wave inversion in V', through V.
Often there is Right Bundle Branch Block.

h-.-'_l.l.rave inversion in the chest leads (particularly n
=ads V', through V) is a very important diagnostic
izn of pulmonary . embolus

Imonary embolus may causs Bundle Branch Block. Right
is block often subsides after the patient improves,

Ve can recognize the presence of Right Bundle Branch Block
the R.R" in the right leads, chest

Note: Occasionally the Right Bundle Branch Block may be
Sincomplete” (QRS of normal width, but R.R' is present),
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Potassium
Hyper K*
II‘II‘IllL =
peaked T |
CEETRETT ino P}
W:-Eﬁ:_h Crrras il I
_IIIH"]:- - L
qaaRaniyinans. = H I
wide FEEE QRS widens
QRS E;l: 2 ____more J.
moderate ‘extreme

With elevated serum potassitum the P wave Mattens down, the QRS complex widens.
ared the T wave becomes peaked.

Note: The potassivm ion (K*) plays an exiremely important role in cardiac
electrophysiology. The range of normal serum K* concentrition is very namow.
In medical parlance we add the suffix “-emia’ to the end of the ion name (o
deniode its presence in the blood. .. but it sounds funny with “potassium.”

So it chemical symbol, K, is pronounced verbally, and the prefix “hyper”

for mereased. or the prefix “hypo” for decreased, is added to communicate
deviations from normal. Now you'll understand both hyper- and hype- kalenia®
{pronounced “kay-LEE-mia™). And that's right, it's written “kalemia.”

That should kelp vou and also vour friends who might be perplexed...

The most striking and clissic feature of elevated
serum potassium is the T wave. peaked

The P owavie widens and flattens with mcereased seoum
potassium, and with extreme hyperkalemia the __ wave P
nearly disappears,

When a patient has hyperkalemia, ventricalar depolarization
takes longer, so the QRS complex : widens

® The =1 is added 1o enhance the phonics, s vou don’t kaive to get the 17 out of there
{chockle!),
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Potassium
| Dk

As the serum potassium drops below normal levels, the T wave becomes flat
tor mverted ) and a U7 wave appears,

With hypokalemia, us the serum potassium concentration drops,
the __ wave flanens owt, and if the K* concentration drops lower, T
the T wave mverns,

Note: [ always think of the T wave as a tent housing polassium jons,
When there is an icrease in polissium ions, the tent peaks up, but
lowering of potassivm ions lowers the height of the ent,

v ith hypokalemia a __ wave appears. This wave becomes more u
sunced s the loss of potassium becomes more severe,

Note: Potassium is not just “one of those serum electrolytes,”
Potassium plays a critical role in repolarization and also in maintaining
& precise resting potential. A decrease in potassium makes ventricalar
maticity foci extremely irritable. In fact. low potassium can initiate
des de Pointes, and it can also evoke dangerous ventricular tachy-
yihmizs. Hypokalemia also enhances the woxic effects of digitalis
EXNCORS,
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Calcium

H?pn' Gall-_ll-. !
1 1 I

' i s -1 o

With fivpercaleenia, the QT interval shortens: however hypovalcemia prolongs the
O inderval.

Note: Since you already understand “hyper-" and “hypo-", | only
need mention that “-calcemia™ is pronounced “cal-SEE-min”.

Hypocalcemia will prolong the _ interval. QT

‘Note: The QT interval is measured from the beginning of the
QRS complex 10 the end of the T wave. Normally, the QT interval
shiwld be Jess than hall of the cycle length.

An increase in caleium (Ca™*) tons accelerates both ventricular
depolarization and ventricular repolarization. This is
mramfested-as ashor QT : interval
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Digitalis
effect

Digiralis cupses 3 gradunl downward curve of the ST segment, to give it the
appearance of Salvador Dali’s mustache. Notice that the lowest portion of the
(l ST segment is depressed below the haseline,

Digitalis produces a unique, gradual downward curve of
the _ segment; this is the classical "digialis effect.” ST

Note: To identify the classical panern of digitalis effect, you should
ohserve a lead with no demonstrable § wave. The downward portion of
the R wave gradually thickens as it curves down into the ST sepment.
which is usually depressed. The downward limb of the R wave has.a
gentle, curving slope that gradually blends info the depressed ST
segment. Look for it the next time you have a patient on a digitalis

preparation.

Mote: Digitalis in therapeutic doses has a parasympathetic effect. Witha

Sinus Rhythm, digitahis slows the SA Node pacing rate, Conduction through
the AV Node is slowed, and digitalis also inhibits the AV Node's receptivenegss
1o multiple stimuli, allowing fewer stimuli to reach the ventricles (necessary
with Atrial Flutter and Atrial Fibrillation) o permit a more physiological and
muore efficient ventricular response rate, Digitalis has a very narrow range of
therapeutic effectiveness, and should this therapeutic rnge be excecded,

a multitude of undesirable effects can result. See the next two pages...
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Excess Digitalis
« atrial & Junctional premature beats
* PAT with block
» Sinus block

= AV blocks

Excess digitalis tends o cause AV Blocks of many varcties, and may éven induce
Sinus {5A) Block.

Note; Supraventricular (particularly atrial) foci are exceptionally
sensitive to digitilis, so premature atrial beats (PAB s} are often the
earliest wamning sign that your patient has elevated levels of digitahs,
Atrial automaticity foch are very effective digitalis sensors.

Digttalis in excess may cause transient Sinus " Biock

Digitalis retards conduction of depolarization through
the AV Node: and in excess, it can canse various types
of ___ Block, particularly rate-dependem AV Block. AV

Automaticity foci of the atria and the AV Junction can
become imitable when _ preparations are digitalis
present in ¢xcessive concentrations in your patient.

Note! Low serum potassinm can enhance the toxicity of digitalis,
so that digitalis; even in therapeutic concentrations, can produce
undesirable signs of toxicity if the serum potassium is low,
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Digitalis Toxicity

» atrial & Junctional tachy-arrhythmias
* PVC's

« Ventricular Bigeminy, Trigeminy

* Ventricular Tachycardia

» Ventricular Fibrillation

Atrial and Junctional antomaticity focd are very likely 1o become irritable in the
presence of excessive digitalis, In fact, marked digitadis foxiciry can even provoke
ventricular foch into rapid and dangerous chythms,

The foci of the atria and AV Junction are most Sensitive 1o

cxcessive digitalis, but with marked digitalis ; loXicily
even ventricular foc: may become so irritable that they

spontancousty emit PVC's,

Marked digitalis toxicity can make ventricular foci so irritable
that they may suddenly fire multiple discharges that initiate
dangerous tachy-arrhythmins. ventriculir

Note; Digitalis preparations have been used medicinally by civilized
people since the thirteenth century, But like most other cardiac
medications, in certain circumstances or in high concentrations,
digitalis can induce deadly arrhythmias.
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Quinidine Effects

I T T T

wide

vride,

long QT interval _

Quenidine causes widening of the P wave and widemng of the QRS complex. There
is often 8T depression with a prolonged QT. The presence of U waves js Iypical as
well.

Note: Quinidine retards depolarization and repolasization through
both the amral and the ventricular myocardium. Most of the effects
of quinidine that we see on EKG relate 1o its pharmacological effects
on sodium and potassium ion channels,

Quinidine causes a wide, notched _ wave on EKG, and the
QRS complex is also widened.

Quinidine prolongs the ___ interval, and depresses the
ST segment, Look for U waves (which represent delayed
repolanzation of the ventricolar conduction system).

Note: Episodes of Torsades de Pointes - a rapid and da RECTOUS
ventricular thythm can result from quinidine toxicity (see page 158),
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Artificial Pacemakers

[lead wire —

—a

- 4
| pulse generator/battery |

/

Purmsler cimasieen o Yiedemae: g

Artificial pacemakers have a pubse gescrator with a Jong-lasting lithium battery, The
piacemakmg stimuli are designed for ventricular or atrial (or bath) pacing modalities,
and o wide variety of sénsing features are aviilable.

Note: Artificial pacemakers are surgically implanted as a permanent
pacemaking source. Originally, they were designed o counter

the bradyeardia that attends Complete AV Block and Sick Sinus
Syndrome. Now, the uses and variety of pacemaker types s well
beyond the scope of this book, so we will review only basic principles
ol anilicial cardiac pacing. In most cases the electrode lead wire

15 passed transvenously into the right side of the hean; however,
-sometimes the stimulating electrode is surgscally attached o the
epicardial surface of the heart,

The pacemaker generator emits regular pacing stimuli, which
record on the as a narrow vertical spike. EKG

The pacemaker emits regular, paced electrical . stimuli
und each stimulus should “capture” (i.e., depolaniee) the

myocardial tissug in contact with the electrode. The depolarization

stimulus then conducts through the myocardium.
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Demand Pacemaker

TSimiry; just [Bean escaping focus

The dennand Teature of many antificial pacemakers is designed 10 imitate the.
physiclogical mechanisms of an automaticity focus (great idea!). The demand
pacemaker is programmed with an “inherent rate™ that ix overdrive-suppressed
by normal Sinus pacing,

Mote: The illustration depicts the EKG of a demand pacemaker with a
ventricular sensing electrode and a ventricular pacing electrode,

A demand pacemaker is overdrive-suppressed by normal Sinus pacing,
but should the Sinus rate drop below the pacemaker’s programmed
inherent rate, the pacemaker, no longer ovendrive-suppressed,

escapes to assume pacemaking responsibility at its imherent ;

Butif the SA Node resumes pacing at 4 normal rate (which is
Faster than the rate of the demand pacemaker) the
demand pacemaker 15 overdnve-suppressed and stops pacing.

The demand pacemaker is designed to reser just like an automaticity
focus. When the demand pacemuker senses a PVC, it resets its pacing
{at the cycle length of its inherent rate) in step with the ____ |

This provides for uninterrupted cardiac function

{clever engineers desizn (o imitate Nature).
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(ventricles paced)

G R
A-V sequential pacing gt Imbags
{aﬂ*ia&ventriﬂes paced) e

Cnnfcmpdr.:ry pacemakers offer many features that can be nsed (o trest many 1ypes
of cardiac dystunction and pathology,

With failure of the SA Node, Arrial Pacing van be used when the

M’ Node and ventricular conduction system function normally,

=0 the arntificially paced atrial stimuli are properly conducted

from the atria (o the : ventricles

A complete AV Block prevents normal Sinus pacing from
‘conducting o the ventricles and may require P wave teiggered pacing”.

(imitating normal AV condugtion) it generates a stimulus for
ventricular depolarization.

SA Nowde malfunction combined with complete AV block

sometimes necessitates A-V sequential pacing, which provides

4 stimulus for atnal depolarization followed by a brief pause,

ﬂmn the ventriches are . depolarized

‘Note: Modern pacemakers are computerized wonders that can detect
~and respond to physiological needs such as decredsed rate during sleep
and increased rate dunng exercise.

= Also called “arrial ?-}-m*!n-;uhmn" or “atrial tracking” pacing.

‘which senses the patient’s ___ wave, then after a brief pause P

323
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Possible pacemaker electrode
positions in the right ventricle

1 | v
below __ W‘ :I T '.3’-_ mid iniluw'tri-:'tl.
Pulm[-arhkaram I : _ {normal axis)
. il
-H'ir- leads 1, AVF
lead 1 \

R.V. a{mz DSI.duaj]l |

§  an

| lead1 lead AVF

Usually & right ventricular electrode is used for cardine pacemaking: the cléctrode tip
of the lead 15 positioned within the cavity of the right ventricke. Three possible
catheter lewd positions are shown with the way they record on EKG.

Note: The ideal location of the tip electrode of a right ventricular
pacemaker, is in the apex of the right ventricle. The resultant QRS
complex has a Left Bundle Branch Block pattern with Left Axis
Deviation,

When a paced QRS shows a LBEBB pattern with a
normal axis. the electrode tip is-in the mid-inflow tract _
of the right : ventricle

But if you notice a paced QRS with a LBEB pattern and
Right Axis Deviation, the tip of the 15 jus elecirode
below the pulmonic valves. 3

Note; Centain cardiac patients may have a surgically implanted
“pacemaker”, called an fmplamaiile Cardioverter Defibrillaror (1CD,

see nexl page ) that can pace. detect and interpret rhythm disturbances,
and treat tachyarchythmias by overdrive pacing or cardioversion, even
defibrillate in the event of ventricular fibrillation. Oh, Brave New Waorld!
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ICD

¥
;
L]
E
- pacing o1 formal Fte A
The Implantable Cardioverter Defibrillator (ICD) is a Self-contained, computerized
device that can instantly analyze and et mest dangerous curdiac arthythmins:
1t can siulate normal sinus pacing, institute overdrive (suppression) pacing 1o
treat ventnicular tachyeardia, provide cardioversion, and even defibrillate V.
The ICD can detect and treat certain arrhythmias with cardioversion
{a precisely timed electrical shock), and....
it cun diagnose ventricular tachycardia and respond with
averdrive pacing 1o suppress the causative ventricular ; focus
The ICD can detect ventricular fibrllation and instantly
defibrillate the heart, and. ..
should the SA Node perform sluggishly after defibrillation,
the 1CE will provide pacemaking stimuli at a physiological . e

Note: The 1CD is a technological masterpiece!
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pacing spike is wide with a

Chapaer 106 Miscellaneous

There is an external non-imasive pacemakimg device that effectively delivers pacing

stamuli 1o the heart through intect skin in emergency stualions.

Sophisiicated pacemukers are available that can painlessly

pace the heart through the intact . These external,

non-invasive pacemakers-are ideal for temporary pacing..

Pacing the heart through the body surface requires an impulse
of longer duration than that of intracardiac pacemakers so each
end.

Note: Another extemially applied emergency device, the Autemated
External Defthrillator { AED), records and analyses the patient’'s EKG,
and then automatically defibrillates the patient if a deadly arrhythmia is
detected. The AED is very accurate i its computerized recognition of
Ventricular Fibritlation and high rate Ventricalar Tachycardia; itis
easily operated by moderately trained personnel. Numerous trials and
studies have proven the AED to be a very effective method of
defibrittution in a non-hospital setting. See page 170.

skin

)
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Heart Transplant

P, — native P wave
- donor P wave

A heart tramsplant procedure leaves portions of the recipient patient’s “native™ atria
in place. These portions of atris contain the patient”s owd SA Node, so the transplant
patient has his mative SA Mode, plus the SA Node of the donor hear,

Note: To expedite these procedures. the portions of the native atria

thiat contain the Farge vessel orifices are left behind to be sutured to the
atria of the transplanted heart. So the recipient patient retains the native
SA Node, and the donor heart that the patient receives also has a
functioning SA Node.

Transplant patients therefore have two 5A Nodes,
edch producing __ waves. P

The native SA Node produces depolarizations (F,)
that do not pass beyond the suture line, so they do
not depolarize the donor _____, Atria

The transplanted “donor’ heart has its own functionl
SA Node that remains the dominam pacemaker, so all
of its PP waves (P,) are followed by complexes. QRS
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Heterotopic
Heart Transplant
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A heterotopic heant transplant is & procedure that leaves the sative keart inplace,
while a temporary, donor heart is surgically attached 1o assist the pumping effort,

In order wassist in pumping, a heterotopic heart transplant
gives the patient (temporarily) two

S0 the EKG in this temporary, emergency situation
displays the simultaneous recording of the electrical
activity of two separate

“Note; With great advances in medical technology and increasing
“sophistication of biomechanical engineering. attempts are constantly
being made to devise an efficient artificial heart, It is unlikely that a
totally artificial heart will ever approach the efficacy and safety of that
Designed by Nature,

Let me know if your understanding was a kind of ecstacy.
(It has been for me.) -DD



Cardiac Monitor Displays &

Lardioe mosatiors desplay the spme informastion - gs recorded on g seandasd 12 bead EKG, Some
mnitial apprehengion may afse beciuse of leck of famalianty watly ive display. The ERG tracing &5 i
bright green on a back backgroumd, amd the amglinubs of waves (hetghi ol depih] is sncrensed
Bocauke the “leaids™ of u candind monitor me rmodifcatioos of stmmdsnd beads withexiggerited ampli
tudes to aid i vismalizaton ol a distance, vodisge (height and depeth ) entena can not be atilized, Hor

o EAcspalr, thiis is jirst another fiethod of deplaying the heart's électrical activity. ., and familiario
evenially breeds content
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Ventricular Fibsrillation
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Electrocardiography was your challenge;
knowledge, vour achievement.

Now that you are certainly pleased with your understanding of basic electrocar-
diography, and proud of your ability to interpret the information on EKG's and
cardiae monitors, you realize how logical and marvelously Designed is the heart.

You're probably ready for fon Adventure in the Heartland, Dr. Dubin’s haghly-
acclaimed, entertaining text. For your giant leap into the 215t century, your
knowledge needs to be on a molecular level, so let Dr, Dubin be your guide and
simplify your understanding,

lon Adventire tn the Heartland is an exciting full-color expedition
deep into the secrer molécular wonderland of cardiae phystology
with a splash of biovhemistrv. We will explove the vivid tnner world
of the magnificent “ion movers, " a dynamic microcosm of exolic
ion channels, ion pumps, ion exchangers, the myiterions
connexons, and the fast moving fons that they control. You will be
immersed in this never-before-seen, fiving wonderland that gener-
atex the heart’s electrical energy and power in responce to physi-
ologicel demands, What a performance to behold, as we expose the
private activities of these ion movers, exquisitely orchestrated by
the autononic nervous system. The book is narrated in D, Dubin’s
entertaining, easy tounderstand style, Yowwill discover what really
makes the healthy heart tick, yet falter with stress amd disease,
Thaugh this adventure is not likely to become a great movie, it s an

-easy o understand, illusirated story of the intimate lifestvles of the
ions and their movers as recorded by the swrface EKG.

To learn more:

[\{h:_ww.lnnﬁﬂi}énture?ﬁﬁl_%
COVER Publishing Company

P.O. Box 1092, Tampa, FL 33601
L. 5. A,




lon Adventure in the Heartland, is an
exciting adventure in living color, providing
vital knowledge for the medical profession
in millennium 2000.

Scientists and researchers in the twentieth century found the micro-
structure of the cells of the heart to be an engineering wonder.
Research continues to reveal intriguing information, while raising
many new questions. Current concepts may seem complex—even
intimidating-to medical professionals, although, in reality, they are
easy to understand.

The key to cardiac function is at the ionic-molecular level, where
autonomic control occurs, and where medications work. All the
electrical and mechanical properties of the heart are due to the
movement of only three types of ions...yes, three little io ns!

Let me have them come forward to introduce them by name:

Sodium ion (Na*) Calcium ion (Ca**) Potassium ion (K*)




lon-moving (“ion-kinetic”) structures of the cell membrane (and cell
interior) produce ion movement. Most of these structures are sophisticated
molecular portals that employ precision mechanisms to control and
regulate the movement of Na’, Ca, and K* ions. Each variety of ion-kinetic
structure has its own unigue behavior.

open Ma* channal

®e
&
We are launching an expedition to explore this incredible ionic-molecular
microcosm to learn just how these mechanisms move Na', Ca*, and
K* ions to govern the heart's function. We would love to have you
join us on this fascinating adventure.

Our fantastic journey is narrated by a five year old boy named Dale,
so certainly anyone who has read Rapid Inferpretation of EKG's can
easily master this vital medical knowledge, which is so useful and
necessary in millennium 2000,

Hurry... your knowledge is needed! &
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The owner of this book may remove pages 333 through 346 w carry a8
a persopal quick referepce, The entire text and all illustrations of Rapid
Interpretation of EKG's are Tully protected by domestic United States
copyright as well a5 the Universal Copyright Convention. and all rights of
absolute imprimatur are enforced by COVER Publishing Co.

May humanity benefit from your knowledge.

?ﬁ. fbp-_ﬁ::ﬂ_

Leaming Web Sites:
Physicians and medical students; www.theMDsite.com
Nurses and nurses in training: www.CardiacMonitors.com

Emergency medical personnel: www.Emergency EKG.com
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Dubin’s Method
for
Reading EKG’s

1. BATE ipaged 659}
Say <300, 150, 100° .75, 60, 50°

= b for bradycardia:
raly = oyoless soc. sinp X 10

2. RHYTHM tpages 97208

Identity the basic rhythm; then scan racing lor prematity,
pauses, ireguldrity, and abnormal waves,

= Chack tor; P bafors each QRS.

QRS affer gach P
+ Chack: PR intpevals (lor AV Blocks).
QRS imerval (for BBE),
« I Axis Dovration, rule oul Homblock.

3 AXIS (pages 200242 _
« QRS above or balow baseiing lor Axis Quadrant
Afor Normal vs, R or L. Asis Devigtion).
For Axis in degraes. lindisoelectrc QRS in a Himb lead
of Axis Duadrand using the “Axts in Degreas” chart,

# Axiz rotation m the horzonial plams; (chest laads)
find “transitional” {isosiactric) GRS

4. HYPERTROPHY ipuzes 245251
P wave for atrial hypertrophy,
Check | o wave tor Right Venkricular Hypertrophy,
" SwavedepthinV,... _ _ _
+ R 'wanve height In 'V, for Lef Ventricutar Hypertrophy.

5. INFARCTION (pages 250 408,
Sean all laads for;
= O waves
* Inverted T waves
= 5T sagment elavation or depression
Find 1o [ncation of 1he pathatogy (in Iha Lalt vantnicle),
and then identity the occluded caronary artary,
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Rate {pages 65 to 96)
from: Rapid Intammmrgmmf EKG’s ]

B Dle Dudrin, |
COVER Publishing Co.. PO, Bos 1092, Tampa, F1. 33601, USA

Determine Rate by Obsérvation ipape 76435

F o T

“éﬁa{ﬁ hé . O i

JETEII HEﬂ“ p.suu

L B =1

SEEcEaainsaraansacece: iann

|
4
|1 o

NN NN ENEA EARRE SR
Using the iriples;
Mame the ines lolloweng ths “Stan” ling,

| SR BN 5.

Fine division/rate association: reference jpuge w9

+ 00 150 100 T5 G0
250 136 - M
214 i Fi -] BE [
18T 115 (35} B5
1T! 1.'? T B
MY b calcuiiod: 1500 = RATE

irm. Doy Sirndir waves

Bradycardias (slow rates) e w9

= Chve /s sicond sinp = 10 = Rate
= Whan thino ang 10 large sguanes batwean similar waves, the rate ks 30iminute,

Simux Rlyidom: origin is the SA Node (“Sinus Node™),
normial sinus rate is 60 (o MY minole,

= Rate more than 100/mmn, = Sinus Tachycardia ipige 65,
= Rate less than 6imin. = Smus Bracgyoardiapuge 67

Determine any co-existing, independent (atrisl/ventricular) rates:
* Diggockitod Bhylhens: ipspes 155, 157, 186 159)
A Sinus Rhwthm {or afrial thythms) may co-exist with an independent rhiythm
from an awlomaticity In@:us of a lower level Daterming rato of sach.

Irregular Rhythons: jpges (07010
» With Irregular Rythms {such as Atrial Fibrillation) always note the ganoral
{m{ﬂmgﬂ vantricular rate {ORS's per B-sec. strip X 10} of take the patieni's
Pl
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thhm [pagqs!?mm]

* ldentily basic rhythm...
codhen scan onfing taseyg lof pauses, premalung baats,
irragutanty, and abnormal weEives.

* Always:
» Check for: P before sach ORS
GRS alier gach P,
» Check: PR intervals (for AV Blocks).
QRS interval (tor BBB),
= Has GRS vacior shifled outside nomal range? (1o rule out Hemiblogk),

Irregular Rhythms om0

Sinus Arrhythmia (page 1060}
leregular mivEhm hal vanes
with respiration,

All P waves s enticnl,
Congidered normal,

Wandering Pacemaker page 106}
imegular thythm. Pwaves | | [ TP b g b E 0L T
pacamaker localion vanes. f i {
Fimte wndar 100/minute. ..

Loout if the rate excaeds
10V minte, then it B called

uunﬂmamz.rmrmms Iﬂ h ,||| |||,.|i |i, j\ ,L

pape 1R

Abrial Fibrillation pages 110, 104166
Irregular wanimcular rhythim, | | | | | '| |
Erratc atrinl spikes. | . !

{na P waves) from
multipfe atrial aulomaticity
toci, Atrial ms-:hmgu
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Rh ythrn nmﬂnuaﬂ{pagu 112 to 145)

[ EEI:HPE ipages 112121 — the heart's response 1o a pause In pacing

evoke an escapd baal from an
automaticity focus.

« An unheafty Sinus (SA) Node may
lail to emit a pacing stimulus
{"Sinus Block™): this pause may

D E.ud
= & E

1H]

312

it

& & m

%%sgﬁ

Eﬁg.é Ko G SRS ¥ S
) rmmw

Premature Beats e 1221451~ from an sritable automaticity focus

Sl B - T s WP T IUE SRR B Bt ettt T

E ; Premabee Al Bsal

ﬂ_ﬁ'g Nt e T Ipigen 124 1000

£8 ,

E E '
EE& ipapes TEE138)

B a

5 gg r [ | | Pepmalise Vordnouls Contragson
EE | = | E | e KN

* S "!"*-"-EH',_ = FPVCs may be

il muRosal, in runs, o
wonxid wilh rrmisl Cycles.
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Personal Quick Reference Sheets
Rhwﬂhm mmum (pages 146 to 172)

I'urﬂxmunl {sudden Tﬁch}!ﬂi‘l‘lﬂﬂ v FILEE: DS 2RO MmN, (pages 180 167)
R

¥ i.T g

i iFrtable Stiial fozas discharging
150-250/min, 'produces a romal wﬂl.ﬂB ; T 2
sequance, i P waves aro visible. (page 149y WERNTY {11

— T S T S S S . T S S i i e, i S e e i e

" [ BB T T Tl
%‘r%asP.A.T.mnnnrywm M Ay 'l.'_"!

second (of more) P wave : 5
produces o QRS (page 150 L TG

T m—— I D S T . . S Sl . i e - o e

&mﬂw . L“'Ll... q-,"h"u‘\_"hﬁ

sequenca of ORS-T cygles at 150-250/min,
ORS may be slightly widaned. (pepes 151-135 B B T BAEEER

e R TR e e e e e e e e S P 'S T—- E————

Paroxysmal Ventricular Tachycardia

rigutar focus produces a-raped
{150-250/min, ) sequence of (PVC-lika)
il wanfriculis complaxes. (papes 153 155

Flutter ...cate: 230-350/min,
ﬁmamrm1mh1mmdmw -DI%MWW

ol adrial complaxes from.a single rapid-fiing
mmmmmmumm
PEoRECE & VENIRCUIEE MESpOnss, (pages 159, 180}

. S — — . R i et st - [ e = TR S — — E—

Ventricular FIUHer ipap= 161, 1623 slka see “Toriades de Polnles" (pages 155, L5
A rapid seres ol smooth sine waves from-a ;
singie rapid-firing ventncular focus: usually in WWVWW}WM
o sher burst leading 1o Vendricalar Fibrsailon. ¥ ¥

LT L erratic (mudtifocal) mﬁdhhﬂmﬁﬂﬁﬂ to 4500min, ipnm 167-17h

e 158)

“Sripraventricular Tachycardis™

Atrial Fibrillation pages 110, 15k 16)
Muliiple atrial focl rapsdiy
produca 3 j& basabne of tiny spikes.
Veniricular (RS response ks regular,

—— —— — — T . R . . . i i . e i

%ﬂ@m {pages 167170y
iple venincular foci rapidiy discharging

produce a totally arrate ventneuiar thythim
without identifia Laﬂm Meeds immediate
ireatmant.

Copyright © 2000 COVER T,
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Rhythm (“hEHﬂI"} blucks (p.gan 17310202)

Siﬂ“-ﬂ {E‘A} Blmk ijmge 174

An unhaalihy Sinus (SA) Node misses one of More CyCles (Sinus pause)...

thit Sinus Hode usually tesumes pacing, but
| ihe pause may avoke an “gscape” responze
from an autematicity focus. ipapes [19-121]

i | m"“_ll i

1
- it

ﬁ\" BI‘D’CH Ipages | Mhe | 81K
Blocks that delay or pravent atral impulses rom reaching the vﬂntfhslas

1° AV Block .. peolonged PR isterval tpages FT6 1780
PR Interval is proionged to groater
tham .2 sac (one 1arge squar),

2° AV Block .. wome Pruaves without QRS response (page 170 1§5)

Wenckehach .. PR graduaily lengthens with sach
fpapes THETH2,  oyele until tha Last P wiave in the
18N CEares-dosg nol prodeca 8 QRS

Mobitz . somn P waves don't produce & QRS
[pepes-1Bl-180F  respanse. 1) “iiecmiltent,” an
sccasicnal QRS is dropad

e advanced Mobilz block may
produce & 311 (4} patiom or ovan
nighies AN ralia ipage 1511,

20 AV Block "’"r’i'” Mubizg or Wenckebach,
{pges FED, [EL) A and QRS widgth or
viagzel maneunans balp ditedertiole,

3° (“complefe”) AV Block . w P e paduces uQHS mpndﬁc (s 156 150)

3" Block: P owaves—5 Mode ofgin

(pape 8 QRSS—i napow, and I the
vaniricular rmie is 40 bo B0 par i,
tharn origin & a Junsbonal focs:

A Backc. Powives—S8 Mode ariging

fpage By QRS'S—i PYCAike, and il tha
weatieulal rEle |6 20 80 40 par min.,
then origen k5 & Veniriculas fobus.

Bundle Branch Block . find 8.8 in right of loft chast leads (e 191202
Right BBB ipages 195190 Lelt BBB ipages 194197

. nk . P .
® Abwinys Chock: With Bamdie Bianoh G
= b EYAS wehthify Block tha crderia fof Wilh Left BEE -
Al squarasT vERTECEAT Biypartadphy indpretion i difficod

by ynnglakie 1o dabarming gn EXG;

QRS In W, o Wy QRS in V¥, or Wy

Hemiblock . biock of Anterior o Posterior fascicle of the Left Bundie Branch.
(g 205-308)

Check: ;
:’m Anterior Hemiblock Pasterior Hemiblock

outside Mormal  Axis ghifts Leftward = LAD: Ao ghitta Rightward = RLAD.
NG ook for 05, lock for 5,0,

{pagss 1710 { papes M- 302
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Axis {pages 203 to 242)

from: Rapid Interpretation of EKG’s

by e Dubin M .
'COVER Publisting G, PO. “Bo 192, Timpa, FL 33601, USA

General Determination of Electrical Axis e w5000
Is QRS positive (- -} or negative (-1 in leads Tand AVF?
s Axis Normnl? (page 227) First Ucll:rm!:lgrr}_ﬂil letft‘anl

QRS Iy oo 1 cpages 215:222)

.M e ORS @ Postive (malnhy dbdve
Basihirsg), Than e Vesior poinls o
posiie [pabient's nfl) side.

Mormal: [ CIES-upeight i | dnd AYF

- S ihnhd-ap™ sign
‘ RS in lead AVF (papes 2232261
:' |; il H QRS & mainly Pesdive. then
L v Wi st poind cowmmwand B
iz posiiine hall ot sphare.

Axis in Degrees o 2oz (Frontal Plane)
Aler h:r.n.llng.-\x[_-t Cuadrant, ind Hmb lead where QRS is most Boclectrics

Extrorme Right Axis Desiation Laft Axis Deviatien
bead Axls T Auln
| — -0 I —= a0
AVL == <1307 AWH = A"
g —= 1507 Iy — -3
AVE —s =180 WF —= i
Right Axis Deviation ﬂ'k"‘ _ Normal Range
lead  Axis ' load  Axis
AVE == 27807 AVE ==
Il == 150" 15— F
AVR —= 120 AL — 2BF
[ == 480" | =3

Axis Rotation (left/right) in the Horizontal Plane juge2ie24m
Find transitional (isoclectric) OQYRS in a chest lead,

trarisitional DRS
is “lspasatric”

s,

a5
f‘a rﬂm
SR

i VE

Patient’s
Right

o
=
-

W0 2000 CHVER Lne,

8,

F

L) Suprris
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H}' pe rtro ph}' (pages 243 to 258)

from: Rapid Interpretation of EKG's

Dale Dy, Mﬂx,.
mw&nmm,gf B3 B 1002, Tampa, FL 33601, US4

ﬂ'l']‘iﬂ H]Fpﬂ'l"ll'nph}" {pages 2452400

Right Atrial Hypertrophy ipape 245

* large, diphasie P wave with tall initial componem

Left Atrial Hypertrophy (page 24
* large, diphasic P wave with widle lerminal component

Ventricular Hypertrophy e 2o

Right Ventricular Hypertrophy (paee 290152
= Rowave greater than 5 in YV, but R wave gets
progressively smaller from V-V,
« S wave persists in ¥, and V.
R.ALD. with slightly widened QRS
Rightward rotation in the honzontal plane.

M.REMM {jpages 253-257]

S OWIVE I 1||"| i [
+ B owave iV, {in mim. )
Suim i e, i more tian 35 mom. with LYH

o LLAD. with stightly widened QRS
» Leltward rotation in the horzontal pline.

Invericd T wave: L 11 1
slunts downward bt i rapiclly.
grpdunlly,

Fra
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|ﬂfﬂl"ﬂtlﬂl’l [pagn 555 to sua}

Q wave = Necrosis (significant s only) (papes 272 280

s Significant Crwave 15 one millimeter {one soull square)
wide, wlnch s T sec, in duration. ..
cen 0 5 Q) wiive 173 the amplitude (or maore) ]
of the QRS complex.

s Mg those beads (omil AVE) wlene significant OFs are present
E\._li 1 won S N page o determine infaret wation, and o identify
- the compaury, vessel involved,
= O Enfarcts: Signilicant O wavey (like infarel domage) reingin
For @ lifetime, Tus determime i an infarct is scute, see below,

ST (segment) elévation = (acute) Injur:,r fges 206, 2710 (S0 Deépression).
* Signifies an acule process, ST scgment refumms 1o

tusgline with time, '
= ST elevation associsbed with significint O waves

indicates an acute (or recenl ) infanct,

# A Thy "'nun_-;Q' wave nfarction”™ appears o sigaificant
ST-egment chevation without associated s, Locate by
dentifying leads in which ST ¢levation occurs (next page ).

* ST depression (persistent) may represent “subendocardial
infarction,” which involves a small shallow aren just bencath
the endocardium lining the left ventriche. This is also a variety
of “non-Q wave infarcion.” Locale n the same mianner 55 for
infirction location {nexl page).

T wave inversion = Ischemis upe 20 2068

o Inverted T wave (of ischemia) is synimetrical (eft half
and right half are mirror images ). Normally T wave is
upright when QRS is upright. and vice versa,

= Usisally in the smme beads thal demonstrate signs of
meue infhretipm (0 waves and 5T ¢levation),

inversion « Jeolated (non-infarction) ischemen oy also be locmed:
nede those léads where T wave inversion occurs, ihen
identify which coronary vessel is misrowed (next pagel

NOTE: Alwayxs obtain pitient’s previous EKG's for companson!
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Personal Quick Reference Sheels

Infarction Location
—and —

Coronary Vessel Involvement
(pages 259 to 308)

from: Eﬂpm‘ Iﬂ!ﬂij‘rﬂuﬂqﬂ of EKGS
e

Dale Ehibin, M
COVER mrmmﬂ&:_ PO Row 1062, Tamgss, mﬁ!ﬂmm

Gnrunarr Artery Anatomy g 2o

Right Coronary
Artery

Infarction Location/Coronary Vessel Involvement (e 2724

Posterior
+ laig B with Lateral
ETdmess-imln'ﬁ"I&'ﬂ'r s in lptacal ladds | and AVL
® [rnnoe fsl OF revened : (Ciecunmbiax Cononary Astany)
fennmsdfuminmbo dosl {pagped 2305 292y
{Ftight Coranary Asory)
pages-TEI-T80]
Anterior
Inferior CrsmnV,, V..V, and V,
Antarior Descending
{aphiagrialic) {
O in anferior leads Lotgnny Aoyl
IN. 1L, and AVF Rmegen 108, S0

A or L. Coronary Artery)
ipages R, 294)

43



Personal Quick Reference Sheels
Miscellaneuus (poges 309 t0.326)

Fulmmanr Embolism e 2w
QL — wide § in 1. large Q and inverted T in 111
5 acul: ﬁlghl BEB (transient. often incamplete)
* RAD. and clockwise rotation
*inverted T waves V, =V and ST depression in 1

Artificial Pacemakers 1150

Modern artificial pacemakers have sensing capabilities and-also provide &
regular pacing stimulus, This electrcal stimulus records on ERG as a tiny
vertical spike that appears just before the “capiused” r:an:hnc FESPONSE,

T » are “triggered” (activated ) when

the s own rhythm ceases
or shows markedly.

':;'l
are “inhibited” (cease pacing)
if the patient’s own rhythm

resumes 2l a reasonable e,

will “resel” pacing
t_-:_u sanme rakel o
synchronize with a

Pacemaker Impulse eiery modes) ¥ s
# A ':. fl ."\'
il S\ g i (i 1B
i’ T T Jia WO
{ebectrode i Lvmm w:iuhrhmﬁngm b trisd Activity,
7 s
'%hf“‘*"v’"‘*‘u"‘*h.r"
=gl i B Airial Synchonos Pacomake | g 2N
Atriad o e X2 P sive narsed, Ihm-fha‘ ntﬂulﬁqt.
E | L LT '|
k| 1I .“i. 'l I_ f
< | f\_iu ﬂ_lg 8 ~ |
| ¢ ¥ | y {1 o
Dol lsanmibesr {AY sequenial) Pacematos Extarnal Non-invasive Pacemaker

Tiege 323% i * dpage 326
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Personal Quick Reference Sheets
Miscellaneous continued

e ——
T,

Electrolytes

E T
i
Polassium ipages 314, 115) AL
Increased K- (page 2141 FryE :T i
{hyperkalemia) e Bl
extreme
SRR
Hi M
Decreased K (pages 315 2
i hypokalémin) i
an i R
sipa =p=fs
Buirame
Calgium jpage 316

Digitalis e 317500 | - f;ﬁl

EKG appearance with digitalis (“digialis effect™)

» yemember Salvaidor Dadi l ,-;‘5“
« Twaves depressed o inverel. ™
= T interval shorened, P
Digitalis Excess ————== Digitalis Tosicity

Bliocks) ibrrinhle foct firing mpislyl

» 54 Block = Atrial Fibrillation

» PAT. with Plock » Jumctional or Yentricular Tacliycardia

* AN Filocks = mabtiple PV.C '

= AW Dhissenation = Vemtricular Fibnilation

= EKG appearance with quiniding ipage 3207

« Excess quinidine or other medications
thist block potassium channels (or even (8
Jow: serem potassium) may imitiate
Torsades de Pointes (uge 1581

45
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‘Personal Quick Reference Sheets

ﬁuhin‘n nutciﬂu Conversion

Patient's Weight frum Pnunr.h to Hﬁngrnmu
Patient Wi in kg. = Half of | Pﬂtl‘!‘._!l_lt £ Wi (i I iy 1710 of that valoe,

Ex £ 150 b piticr 1601 I, i 1A B, paticre
T e o0 iy §) {besomes .s:‘fmm';a: (hecomes T0 prins 7)
is 81 ky is T2 kg is 63 ke,
Modified Leads
—for—
Cardiac Monitoring

Locayions are approximate. Some minor adjustment of electrode posi-
tions may be necessary 10 obtain the best tracing, ldmuﬁ,' the ﬁpeulﬁ-ﬂ
léad on each sirip placed in the patient's record,

Identification
Sensor Electrode Letter Color (inconsistent )
+ R{orRA) red
- L {or LAY} white
G i (or RL) variable
* Ciroundl, Weiitral or Réferenie
Medified Lendd | Meadified Lo 1
——— __p'—“.l
= o
Aj : ( H
Cranveadicese! Leand

ﬂ-l-ml-rl'ln WL
ml-fthIt_‘____J

)

”ﬁ(ﬁﬁf




EKG Tracings

This section contains EKG tracings {and their interpretation ) from vanons patients.
The tracings and interpretations are provided so that you can see how this method of
reading EKG's actunlly works, Try these few examples so that you grow accustomed
i this svsiematic appraach. Once vou learn how to read an EKG systematically, you
will soon become very skilled at muting EKG interpretations.

x4y



EKG Tracings
Patient D12, is & 29 year old white male known to be a hypochondriac with
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EKG Trcings
EKG Interpretation

Patient: .13
Rati: ahout T minute

Rbyihm: Repgular Sinus Rhythm
PR less than 2 sec. (No AV Block).
(RS less than .12 %éc. (No BBB).
_..but note the BB in 111 suggesting incomplete
Bundle Branch Block.

Axis: Normal Ruange (about +30°),
Rightward rotation in the horitontal plane.

Hypertrophy:  No atrial hypertrophy.
No ventricular hypertrophy.

Infarction: Mo significant {J wirves.
{Goranary ST seements: ot elevated, except for V, and V, where
"ﬂ}' ST is elevated 1/2 mm. due to “early repolarization.™
T waves: generally upright.

Comment:  This is an essentiolly normal wracing. This ks the author’s own ERG,
however he is no longer 29 years okl

* Larly repolarization bs characteribod by (minimal) ST ebevation i the lefl chedt beads, wften with
sightaand rotation (hareontal planel. It is @ normal fisding in young athletic moles.

0



EKG Tragings

Ma&hfﬂllnwup EKG on patient 1.1, 30 years after his last EKG (see previous.
page.); he has had Fabile hypertension for the last 25 vears, This EKG clearly demon-
strates the vadue of obtiining the patient’s prior EKG's for comparison,
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Fatient::
Fate:

Ehythm:

Axis:

Hypertrophy:

Infarciion:

LCERnATY
vassilir
LAEIITEY

Comment:

EKG Tracings
EKG Interpretation

Do,
about 38 minute

Sinus Briadyeardia

PR less than .2 see, (No AV Block)

RS greater than . 12 sec, reveals Bundle Branch Block.
Leads V and V, show B.R' complexes typical of Right Bundle
Branch Block.

Left Axis Deviation of about -257 (in lead 1 R wave areater
than § wave) and .S, indicate probable Antesior Hemiblock.

Axis rotation in the horizontal plane difficult 1o-assess due to RBBB.

Ll atrial enlargement.
Left ventricular hypertrophy venified by other tsts
{difficult to assess on EKG with RBBB presént).

Nao significant ¢ waves,

ST segmenis: depressed in ¥V and V., as relited o REBB

T waves: generally upright: some T inversion in inferior leads,
possihly distorted by RBBB.

Compared 1o his previous, normal EKG (see page 348), this paticnt has
developed significant changes, There is o sinus brsdycandin. The new
Right Bundle Branch Block (previously incomplete) and Anmnur
Hemiblock have occurred in the absense of infarction. After 25 years
of poorly compensated hypertension, the patient has developed left
ventricular hypertrophy, The associated feft atrial enlagement may
stretch irritable atrial Foci in the ostia of the Im!:nmmry veins, nitiating
atrial fibrillation. A lew days later, the patient’s chythm strip of lead |

{below), shows jist that. All EKG s are, unlortunately, autheéntic.

I ARSI el it IR e
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352 EKG Tracings-

Patient R.C. m 445 yeat old black male with & th-I-DlT of coronary vascular disense,
Blood pressure was 2100100 on admission,
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Patient:

Bae

Rhythim:

AXis:

Hypertrophy!

Infarction:
[onmary
yvaasular

BlALRY

Cowmrment:

ERG Traciigs 353
EKG Interpretation

R,

Atrial rate of 3N minute
Ventricolar rate gencrally 6(Mmin. but occasionally slower.

Adrial Flutter (with inconsistent ventncular response, i.e.,
no fixéd AV ratio).

PR 1= vanable.

RS s bess than .12 xec, (No BBB).

Left Axis Deviation (=307},
Lefrward rotation in the horizontal planc.

Atrial hypertrophy difficult 1o determine.

‘No ventricular hypertrophy.

£ waves: C) in lead | (also note large S in Lead THE).

ST xegments are sensrally isoetecinic.

T waves are inverted in [ and AVL ilook closely)
anidd the mid-to-lef chest feads.

The most obvious problem is Atrial Flutter with an atrial rate of
AMWmin. and a vanable imegular ventricular rate (average 6lmin, )
caused by the varipble AV conduction ratio béetween 331 and 7:1.
An old occlusion of the Lelt Circumilex Coronary artery 1s evidenced
by the old lateral infarction. New involvement of the Anterior
Descending Coronary artery 1 suggested by anteniorischemia (T wave
inversion in ¥V, V.. V_}, as well as by the probable-Anterior Hemiblock
{shift 1o Left Axis Deviation with QJS1 configuration; previousty R.AD.
with his old Laterul M.L). Note that if one scrutinizes the T wuve regions
{somewhat obscured by flutter waves) in the limb leads, the flutier
wives dip lower (suggestive of negative T waves) rather than higher
(if superimposed on upright T waves) in all but AVR, indicating o
generalized cardiac ischemia, as well as the obvious compromise of
hath branches of the Left coronary Ariery.



354 EKG Trocimas

Patient K. T.i5 a 61 year old obese, black male who was brought into the emergency
department by his fumily. This patient hid a sudiden episode of severe lefi chest pain.
Blood pressure was S5/65,
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Patiens:

Rhythm:

Axis:

Hypertrophy:

Infarcnon:

{eoomary
vascular
LR TLN

Comment;

ERG Trings
EKG Interpretation

E.T.
about TiMfmante

Cenerally regular Sinos Rhythm with occasional PVCs

PR s exactly 2 sec, 5o we will have to say there is a
borderline first degree AV Block,

RS is less than . 12 sec. (Mo BBE).

Left Axis Deviution (nearly -90%).
No rotation in the horizontal plane,

Probable lefi atrial hypertrophy,
Left ventricular hypertrophy.

Stgmificant Q wavesn | and AV,
ST segmens are elevated in 1and AVL, 5T segments
are depressed in V. VoV cand V,
T waves arc flat or inverted in 11, 11, and AVE and all chest leads,

This paticnt has a classical scute lateral infarction coused by an occlusion
of the Left Circumflex Coronary Artery. Cotncident with this is'a

probable occlusion of the Right Coronary Artery chamctenzed by

prominent B waves with 5T depression in the (V10 V) chest leads
Also, T wiave inversion in 11, 11, and AVF suggests-Right Coronary
compromise. T wave inversion in all chest leads is indicative of ischemia
af the Anterior Descending Coronary Artery. Note also the tall, peaked
T waves in | and AVL known as “hyperscute T waves.” which,

although uncommon, charscterize a very acute ML The Left Axis

Devigthon appeated in this patient’s previous EKG's ond ismost likely
related 1o his left ventricular hypertrophy rather than implicating
Anterior Hemiblock (also. the Bundle Branch System appéars to conduct
normally ). Ovcasional PYC's caused by the ischemia, depending on
frequency and multiplicity of ongin, may lorchode more serious
arrhyythmias.
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EKG Tracings

Patient G.G. 154 43 year old Asian make who was doing heavy work when be wis.
overcome by severe, crushing, anterior chest pain. Blood pressure wis 110040 on ud-

mission to the hospital,
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Patient:
Rare:

Rhvthm:

At

Hyperrophy:

Infarcrion:

[y
wascular
s )

Comment:

EKG Tracings 57
EKG Interpretation

i,
about [0 nute but vasiaiide,

Sy Rhythni, somewhat iregubar due 1o Sinos Archythmia.
PR less than .2 sec. (No AV Block),
(IRS less than 12 sec. (No BBB),

Left Axis Deviation (-30° to -60°).
Lefiward rotation in the horizontal planc,

Mo atrial hypertrophy,
No ventricular hy perirophy,

Stgmificant ) waves-in 1L 11, and AVE.

There are also very harge Q waves in V, V.V and ¥V,

ST segmeniy are clevated in o Y X, .u.ml Vi

T waves are difficult h:rd-tﬁlmgmﬁh But inverted T wiives
dre noted in V. V. and ¥V,

This patient has an acute antero-sepital infarction, probably representing
an occlision of the Anterior Descending branch of the Lelt Coronary,

Generalized ischemia of the myocardium is evident by the flat-to-
inverted T waves in ncarly every lead. The old inferior infarction
demaonstrated on this EKG was noted on the patient”s previous hospital

record and is the documented etislogy of his Left Axis Deviation (no

Hemiblock), Note thar the QRS becomes isoclectric between V, and
V, but this is ser within the normal (V. V) range; this mp-cum
munimal keftward rotation away from the septal infarction. Old EKG's
showed no anterlor invalvement on his previous admission,



Kht3 EKG Tracings:

Patient E-M. is o 65 vear old Hispanic female, She was admitted 10 the hospital
because of comstant feft chest piin for twelve hours: Blood pressure on admission was
LIWT3,




Patient:
Ftie:

Rhythm:

A

Hypertrophy:

Infarction:

Iy
wiseular
aLIflk |

Commicent:

EKG Tracings

EKG Interpretation

AN minute

Sinws Bradycandia

PR is about .2 sec, so there is-probably o
first degree AV Block.

(RS is.more than (12 sec, (it is. 10 sec, wide), KR s present in
V,and V_ sothere is a Left Bundle Branch Block.

Suggestive of Lefi Axis-Deviation, but not reliable because of the
presence of Bundle Branch Block,

No atrial hypertrophy.
Ventricular hypertrophy is difficult 1o determine
becasse of Bundle Branch Block,

{2 Wares: nota reliable criterion of infarction in the presénce of
Leht Bundle Branch Block.

ST segments: not reliable in the presence of Left Bundle
Branch Block.

T Waves are flat in V', V., and V_ but not rehiable with
Left Bundle Branch Block,

Enzyme studies confirmed o présumptive diagnosis of myocardial

infarction. The paticnt’s chest pain made us suspicious,

3549



6 EKG Tracings

Patient M.A, is a 75 year old black female with a long history of marked hyperten-
sion,
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Patient:
Eate:

Rhythin:

Axi4

Hyperrophy:

[nfaretion:

{poronany
ol
LR

Comment:

EKCG Tracings

EKG Interpretation

MLA.
about 125/minute

Sinus Tachycardia
PR s less than .2 sec. (No AV Block).
(RS s less than 12 sec, (No BBB),

Left Axis Deviation (mimmal amplitude of QRS in imb leads.
make exact axis determination dilficult),
Mo rotation in the horizonial plane,

Left atnal hvperirophy.
Left ventricular hypertrophy with strain.

{ waves are present in 11, 1, and AVF,
ST segmenes: generally isoelectric (on baseline),
but V, and V, show strain pattern.
T waves are inverted in L and AVL, and alson V,, V.

This patient has hyvpertrophy of both the left strium and left ventricle
with a left ventricular strain pattem. The patient also had an old inferior
infarction. The Lett Axis Deviation is caused by the Mean QRS Vector
painting away from the (old) inferior ML and wward the thickened
left ventricle. It does nor represent Hemiblock. There is currently
(tateral) ischemia in the distribution of the Left Cireumflex Coronary
Arery,

EIH



L[ ERCr Tracimgs

R.M.. an anxious, obese, 57 year old white male whose law practice was failing,
comphitited of “tight, squeezing” pam in his amenor chest, An clectrocardiogram was
guickly faken by an Emergency Medical Technician.
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Patgnr:
Bate:

Rhythm:

Axis:

Hypertrophy:

Infaretion:

{coninary
vl
AEaliin

Comment:

EKG Tracings 343

EKG Interpretation
EAML
T5/minute
Sinus Rhythm

PR 16 sec. (No AV Block).
QRS 08 sec. (No BBB),

about 445 { Normal ).
No retation in the horizontal plane.

Possibie minimal Jelt atrial hypertrophy.
No ventricular hyperrophy.

€ waves: no significam Q@ waves,
ST segments; elevated 24 mm. in | and AVL.
Fwaves: inveried in | and AVL.

It is interesting that in this innocuous appearing EKG there is a subtle
non-Q wave infarction in the lateral left ventdcle, which very §oon
developed intoa serious lateral infarction, Sympromatology suggestive
of MLL always must be investigated and scrutinized,



Aberran Ventricalar Conduction, 124, B30, 15
Accelernted Idiojanctional Rhythin, 155
Accelermed ldioventricular Rhythm, 117
Aceiylehwiling, 56, 5%
Aatamns-Saokes Symidiome, 117, 1%
Adrenaline = Eptneplnime ), S6. 57, 123 -
Anewrysm, venbriculor, 267
Amgive, 270
Prinemetal's, 266
Angpioplasty, J7H
Aaita, 18
Apaad, 107, 139, 303
Aurrest, cardiae. |60
Arrest, Sinuis, 113117
Murhyibumias, 57189
Escape. 112-£21. 337
Escape Bears, 11%-121
Adral, 119
Junetlomal, 130
YWenlmcular, 121
Esiape Rhyefomz, 114117
Adrisl, TX 114, 115, 119
Innctional, TO-75, BS, 105, 116, 130, 158
acveberaiod impncibomal, 115
w, rettograde anal condugtion, 116
Vinirteular, 72, 117, 120, 189
avceleraied wllo-, |17
Lrregolar Rbgiloms, 107111
Adria] Febeillaiion, 110, 164- 156, 136
Multifoval Atreal Tachyeandin 109, 311
Wandéreng Pacemakes, 108, 111
Premmatiere Beals, 132. |45, 357
Adrial, 11, 133:530
higeminy, trigeminy, 129, 130
mon-conducted, 138, 130
reselting, SANode, 135, 126
ye. abserrant wenimtewlar conduetion, |27
Tnnctionad, 131-153. 145
bigeminy, trigemeny, 133
w, retrograde strial canduction, [ 12
. aberant wenincwiar condoction, |31
Yentricular {PVCE, 135144
coupled [bigeniny, ingeminy 135
imerpoksed. F37
amilgifoval, 142
mualiphe funifosali, 138 14), 143
parpsvasale, 140
“Hon T, 144
s, 141, 143
Tachyarrhythmias, [46-172
Puroxyamal Tachycacdin, 147- 158, 338
Al 14%, 1463
PAT with Black, 130
Junctbinal. 151-153
w. aberraid ventncalar condustion, 151
w, retrsprade alrial cosductiom, 15]

Index

Faroxysmal Tichycaidin, commsed:

AY Node Reeniry Tachycandia {AYNET) £52
Seproventricular Tachycanbia, 155
Toreades de Poinies, | 56
Venimicular Tachyeardia, 134, 154-158, 1%, 326

eassmorphic, 154

palvnwirphie, 154

Flutet )
agrial, B, V5% 160, 338, 855
vendricmlur, FOZ b1 138
Fibrillstian, Fid-1 70, 338
urnal, 110, |od- 1b
_ wemricular, DET-170, 319, D25, 326

aoata, |8
gy, fiec Coronary Arery
pubnionry, 17, 22291
Anyaiohe, |60
Arhigie's bezni, |75
Arrtal Canduoetion Sysem, 14, &4, 7L |00
Adriain
RefL, T, 1%
right, 7, 17
Anbmaled External Defibaillator, 170, 324
Aubpmabiciay, 13, 68, 6873
cerige. 7Y, 105
i, {se Foeh, putopabeiy b

“Amsmmis Nervgue Syaem, 3303011, 126

AV Nade, (vee Node, AV
AN Valves, (see Valves, AV}
Ak 200242 10 _
candlae positim and, 2E0-113%
desrecs, D09, 213, 233, 234, 340
Dieviation, 231, 222, 223,104, 340
Lo, 330, T30, 208,290
Right, 220, 722, M, 30302312, 312
watreine, 231
fronzal plane. 215-234
biotizontal plane, 236-347
moisten, X0, 24340
iranvsilsmal vone, 341
hiperioaphy snd, 210,213
infasction and, 212, 213
nonmal, 23T I, 200 NS D
veeiar, (s Ve
Anbscromma (plauel, Bl
B
Bachmssnn's Bondle, (0]
Biroreeplons, &1
Basic Principles, 1-54
ik l:“HE.h'I._HiMI_H-"'r
AV block, 176: 1590 303- 38
Complete, (see Thind degrec)
First degree, 176-178
Secomd degree, 1TH-185, 301
201 AN block, 61 151-183



AN block, continued;
hiobiee, 179, 181~ 154, 305, "I-"i"lI
advanced. 181, 305 }
kntermivieni, |90, 303305

Wenehehach, 130k 155, 330

Third degree (Compheicy, 75,-186- 150, 308, 3530
umpending. 304, 305
wiith Junetidmal pacemaker, 1RE
wilh veniricular pacemuker, 159

Bifuscicular, frifascicular, MM, 305
Hundle Branch Block, 191-202, ik S, 139

bilateral, 305

enibival e 19R5, 1

iapmisis, 191193, T98- 202

inedmiplete; 198, 313

Left, 194, 195, 197

mechundai 192

precantions, KL 202

rute dependond, |95, |98

Right, 194=11H5, 206, 205, 300

Entrance Blogk, 107, 104, 115, 140, 164, 163,
67, 168
Faecigular Block, 263%- 103
Hendblock, Hi5-18, 139 )
amicri, 205, I949, W12 805, 353
Intermittent Block, 296, 303.305
Sk Sansts Syndrome, 175
Simus (Node) Awest, 113-117
Sinus {Node§ Block, 11120, 174, 3349
Blood Flow, 5961, 63
Elewnd Preisuse, 59, &0, 62, 63
Bowon, 33-57
Brandycandin, i, &7, 006
Hralyvandas-Tachycardia syndrome, 173
rale deteriminalson, Wi
Sick S Syndrome, 175
Sinus Brodyeardis, 67
with klisuaciinnal rhyilim, 74, 75, 77, 188
weith silaventricalas rhyikam, Th, |50
Bl Syndiroans, J68, 310
Hunadle:
Beachmann's; 146
Bugsdic Branch, _

Liefk, 20, 21, 52, 9748, 295, 296
amiecir divikion, Y5, 207, M5
pnterkor dividion, 294, 296, 300, 3

Right, 20021, 52,07, 205, 290

Baundbe of Kem. 171

lasghele. 295304

His Hundle, 20, 21, 157,293, 296
Tames Bosdde, 172

[ +]

Cafieine, E23, [M)

Calciam bons, 1930, b, 295, 145
Capillary ehowomeier, }

Cagimre, 155, 371-326

Index 65

Candiac cyele: 219
Cardinc simndsill, 169
Carvid sims masdage. 61
Cluaners, heat, 7
Cleeuis reenary 132, 1640
Cocxine, 123, 134
Coanplex, QRS, T1-21, 19, B
sberramt, |27, 13, 151187
Condactiong
abeprant vesimenlar, 127,131, 151 157
retrograde atrfal, | be, L3I0, 138133, 133, 151
speed of, 19, 20
COPD, 109, 311
Cogonary Artery, 20304, 206, 301
“Aaterior Desgending. 291, 292, 196, 295, 299
Cirenmitex Hramch, 201, 393; 104
Ly Commary, Aoy, 201, 292, 104, 296
“Rilght Copomary Artéay, 200, 205, 200, 20
Corcnary Care Uni. 306
Coronary Declusion, 259263, 172-308
Coranary Shaus, 101, 132
Corsnary Slatus, 348-163
Cowpiing with premature beats 129, 130, 133,139
C.PR (Candis-Palmonary Resaseiiation, 169
Cyebe, Carding, 39
2] !
Diabi, Salvmdor, 317
Digfibeilatbon, 10%-1T0L 325, 32&
DeNection. 31, 52
Depolareation, 815, 1524, 98, 100
Deisertenne. F.. 158
Diglaakis, 109, 123, 150, 370, 343
antibmbics, 150
lTexn, 317
exeesn. 123, 305, |8
tosbeity, |23, 3153140 )
Dissociation, AN, 154157, 156190
Daeninami Coronary Artory, 194
Dvumiianl Pacenalier, 7377, 104, 1i4-118
“Pnshle { Twod ThambsLip™ Siga, 227, 316
Downwand Dikplocement of Pacemakor. 190
Diopped QRS, 150, FRS, 199, 204, J05
Tribin, Dale, 307
Dysrhyitbimia (= Arfivthmia), see Arhyibimia
E
Esrly Bepolarizsidon, 3459
Ectopio focd (= Auomatbeity foci, see Fos
Eiuthoven, W4, 5,37, 30 '
Electrobardingram (EKG), 5, 6
Eleotrode, 4, 11, 12, 14,37
Elfﬂm]ﬂl:nlw,ﬁl, R B
Endocardivm, 21, 104, 276, 282
Entrance Block, 107, 109, 110, 140, 164, 165
Epicaddium, 21, 264
Epinephrine (= Adrenaline); 57, [23
Escaped vee Arrhihimios, Escapel
Exercing Tesd t=Berens Test), #4, 270
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Iniex

F

Faksafe Backup Paving, T2-T7, 105, 118120
Faschubat Bhocks, (sec wndeor Blocks), 295-308
Fibariltlom, (vee unsder Arrhyifimias)

IFlistber, (eoe whider Arrhy thimias

Foct, smjonmibciy, Ly, 57, 58, 61, G877, 105

armial, 57, 55, 61, 6573, 100, 105, W6-1 10, 112114,

g, ll&;_l'.’-l:l 149, 1500, 153,159, 16d)
Tunetbonal, 57, 58,060, 6972, 775, 115, LIa, 120,
PR 130 15 R L5153
venimicular, 627, 76, |05, 117, 121, 135044, | 54
58, BG1, 162, 14T, 168
Focas, (see Foos abose)
Fuslon, i35

a

Cialvami, [ 1 )
Ganplion, ipheral, Canglhia), 35, %6, 60, 61, 63
(holdberger, 40
Caajph, H
Cirotsp Beating, 120, 10, 133, 150, VEI- 183
H
Hean Aitack. 250-38
Heart Bliscks, (e Blocks)
Heart transplam. ¥27, 338
hetenotopic. 328
Hemiblock: isee msder Block)
s Bundle, 20, 87, 293
Hoaeostas. 349
Hioripommul bearr. 200, 797
Hypemcute: T Wave, 24, 355
Hypercalcemia, 316; 345
Hyperkalemia, 314, 1590
Hyperhyroldism, 123
Haperirophy. 210, 243355 31
atedal, J45-240, 248
b, 244, 361
right, 248
vemimcudar,
e, 351 25T, 258, 07 36
righi, 253356, 204, 31§
Hypocaloemix 36 )
Hypoknlemin, |34, |44, E50, (58, 315
Hypotession, 60, 240
Hypathiyroidism: 311
Mypoxia, 123, 134- 140
I
Iihiojunciional Bhyvibm, 74, 75, 77
tdioventricular Rhythm, 76, 77
Ienplandsble Cardioverter Dhefibailatae (10T, 170,
A0, A2, 328
Infarcibon; mydcandiofl, 239308, 342, 343
ooy, Jeds . _
umierior, 378, 381244, 2901, 792, 393, 794, 209,357
anterifaeral, 230
antemsepral, I8-3EY
diaphragmaisc; 281, 2, 207
sxtenson of, 271 '
inferior, 24, 394, 207
Intewal, 280, 250, 355

Isfarcinmn, continued:
locating., I75-204
nin-0) wave, 67, 271, 2090, 363
posterion, 240, 282-280, 293
) wave, 2T1-364
right ventricular, 260k 351
sepdal, I8
ablgrt, MM
suberslocandial, TH, 271
iramsmursl, 271
with Lely BER, 250
Dnbscient B, FiT7, 102021, Bht-150, 322, 337
Inpury, 263, 2b6, 6T
Intermittent Blocks, 296, 113-30%
Inpzrnicelil Tracts, atiak, 140 )
Interpretsime {pmplified inethodelogy), 334
kneerval,
PROITI, 179,201
DT 28, 1, 116, 120
Loag OT, 28
Qe 28
brridnble foci, 77, 108, 108, 116, 122071, 250
atrial, AN Junctional, B0, BO0S, JOS 0 0L [i4-0116,
1% B0, 123033, 145140553, 139, 160,
Fird ] by
ventricalar, I35 144, |56-155, 161, 162, 167, i
bacliemia, 204, 265, 175
K
Kollicker and Muetier, 2
L
Leads; M
chest, Rt 48501, 51
leit, 51
dght, 51
Thrby, 5635, 43, 44, !ﬂ
atgiented (unipalas™y, 4643
bipilar, 38, M
imferiar, &7
lateral. 47
mwadifeedd. 34, Fa6
mvilboring, $4, B .
precondaal, 3, 4530, 53,378
Truifik, 54 )
Lomg OFT Interval, 28
Laichwi and Waller, 3
M
Marks, Ysecomil 71
Meaiwremen, 31, 32
Mirror Test. 287
Miscellaneons effects, 289, 306
Wfivial Sdgnos, 240
Mitral Valve Prolapee, |14
Maobits, (seo. Biock, AV, 1790 151184, W05
Momivosed Archythindas iexamplesi, M7
Maubifocal Atris]l Tachyeantia (MAT), 108, 108, 50
Myoeandeis. 134
Myocanlinm. 7,21
Myocyte, 10, 13, 20:22



H
Medrois 272,274, 276, 277
Newrocanbiopenic Syncope, 63
Woumdransniiler, 56
Mode, AY, D621, 30, 37,60, 04,75, 16, 1720,
1M1 -F3L, 169
sode, 5k, T3 BS TR0 63 95, 100, 100, 327, 328

Koeepinephring, 56, ¥7, 123

[+ ]
Ciccam, W, of, 63
Cinbagiatly Hypodensbom, (2
Owerdrive Sippiesdon, 7177, 105, 146
emsrpency fnibafe mechankm, 7173
P
Pacemaker:
Antiflcial, 321526, 344
akrial, 323
AV sequential, 323
demand, 322
elecirede lication. 124
epacandial, 121
cufernal, non-fnvasive, 3
imvenilrve nq‘lp’ﬂ.ril;h, 3X2
P wave-miggered, 123
resetibig, 125, 126, 138, 139332
DPomiinami, 7377
Pabeniaal (sursmanicay foci)
wirkal, 65-72
Nunetional, 67-71, 74, 75,77
vieniricilar, 673, T2 )
Parnsymipatheris, 26, S8-61, 83, 101, 126 175
Parasyatode, venirculer, 140
Parasystodic Focl, 107, 109, § 10, 140, 164, 165,
167, Fh
Paronysnaal Tachycardia, 147- 158
(e under Arrhythmias)
Panse, Compensutary, §5%
Pericunditin, 268, 269
wonungtive, 31|
Planes (i Axisy
fromral, £2, 553, 242
hortzantal. 43, 53, 242
Plalcan Phaie (of Repolarization), 26
Preumaibors, 134
Potassoim lons, 37, W5 134, 144, P58 394, 315, M5
Pounds 1o Kilod (kibograns), 496
Practice Tracings, 85, K7, 96, 111, 163, 155, 247-3473
Pre-aicitsiiin, 171
Prinzimeial”s Amgim b
“Prosectiva”, 107, 106, 110, 140, 164, 65, 167, 168
Pulirionary Embolnz 154, 312, 313, 144
Pulseless Electrical Activiny, 169
Purkinje filers, 20-22, 60, 7377, 100, 303
PV 135-144
coupled, | 3%
Imneepuelaled, 137
nauliifocal, 142

imiltiple (ienifocaly 138, 141, 142

I

PYC. comtinued:
MY Prelated, 142
parsysile; [0
"Ron T 144
s, 141

Q
QRS (voe Comgles, QRS
Crindrigentiny, vertricular, 139
Chiniling. 330, 145
;]
R 192098
“Roan T, 144
Rapid Phisg o Bepolorization, 37
“Raie, 65.06
bnjhezremi. O
Sim, f, B 49
taeHyarhytlunias, 46072
Beveprors, 55653
alphaone, 38
bets mbrencrgic, 56, 57
cholinergic, 56
mevhanorecepiin, b3
pressude (laro-), 6
Kepolarizaton, 10, 2 37
plageai phase, 36
id phase, 17
Ite;'ﬂi-flﬂ.lm F2E.130, 33
Roversed Trapsillumination, 387
Fotation (oF Veaor in hortzontal plone),
e Tiwand, 243
_ rightwand, 242
s
i Adenal Nowde isee Mive, SA)
Seoptum, imerventricelar, 20, 52
Segmend, 5T, 26, 27,257
depiesaion. 26, 257, 170, 271, 285 TH8:
elevation. 26, 266-200, 378, 280, 241, 243,244,
A0E, 200
Bhick,

hypovlemic, |5
vardiogenic, 134
Hiek Sinus Symdronse, 175
S Arrest, 113-117
Simus Arthyibimla, L 111,336
Sinus Black, 119, 120, 174
Simies Bradycardia, 67
Simis-fan Block! 174
Simis Node, (ser Node, 54}
E_i-u:.-lihﬂhm. T3, 6 BT, 57, [
Simus Tachycandia, 68, 147
R Second Sarip, 42
Socdion Bomso R, 1313, 22,80, 108
5T Segmacnt, (voe Segment, 5T, 26, 27, 257
Snanchaill, Cardinc, [id
Stan Line, 79-84
Stenosis, Coronary, 265
Stodies-Adlamx Syndrome, 117. 189, 353
Strain, Ventrigulas, 357

kL1



Streds Tent (= Exercise Temh, 534, 270
Seegich, 125, 134
Suode, latrdponit, bl
Supsaventiicalar Tachyenndia 133
Symjpathetic Nervous System, 5650, 62, 63
Svncope, 60, 3,67, 151, 304, 305
“Mlercifil.” 60
Neurocardiogenic (= Nesrodepresiorh, 63
Wasa-vagal, tlb
Stk Adanms, LT, 1Eg. 3035
Synelrome:
Barioow {mitzal vabve prolapaei, 134
Bisdycandia-Tockycardio, |75
Hrigala. 268, 310
Long T, 28; E58, 310
Liwn-Clamong-Levens (LGLY, 172
Sick Simm, 175
Stokes-Adam, 117, (8%
Wellems, 265, 310
Wolil- Mackimson-Whete (WFW) 171
Svmole
atrinl, 29. 102
venlsicular, 27, 39, 104, 145
T
Tuichysirehy thinias, 146-172
isee under Arrhythmias
Tochycardin, Paronysmal. (see Arrhythmian)
Tachycurdin, Sinns, 68
Tachycatdia, Supraveniricular, 147-153
Tochyardin, wede ORS, 154 184 191 195
Thiee Scoond Mark, 91
Thrombabytics, 278
Thumderbind, 435, 44
Toln iHUTS Tesl. 63
Thine mepsardment, 34, 35
Toruades de Poiged, 198, 320
Tramsient Sinus Block, 119121
Tramsplanl, Heast, 317
heteroaopic, 1328
Trilsecicular Mbeck, WS
Trigeminy
atrinl, 129
Junctimaal, 133
semlneilar, 1%
Triplels, 8084
Twelve Lesd BB, M, 53
“Twm Thambs Up" Sign, 227
L
Wogal Mancuvers, B
Vagus Werve, 5§ 61
Wasi-vagal Syncope, 6l
Valve:
abMR valve, 18
AV Valves, 15 M 19, 20
Mitral valve, 16 15
Tricuspid valve, I, 17
puibmnnary valyve, 17

Imbe

Vet (Mean QRS), 203242
deicrminarion, J0H-242
doviation (in fronil paneh, 221, 122, 238204,
4 e L
locnzing: 26H-243
pormal, 227230, 34|
rotation {im horigomtal planel. 236242, 353, 253
with Infarcticin, 212, 203, 242276, 277
with Vemiricubsr Hypertrophy, 211, 212, 242,
252, 352
Yeoor, P wave, 137
Ventrigle, 7. 21, 22, 208242
Lefr, 7. 14, 233, 250, 261, 263
Kaghi, 7, 17 251,143, 241, 253
Ventricular Condibclon Sysem. 20, 21, 103
Veriscal Heart, 210, 31
Valinge, 32
Vulnerable Pened, 144
w
Wandering Pacemaker, 108, 111
Wavis!
dela, 171
Mutter, 159, 160
name origin, 5
P wawe, 14,15, 19,29
diphiizac, 247
Mag, 314
rciched, 330
Powave, 104, (LT BES g -2 110 E20-1234. K230,
149, 150, 305
imverted P wave (refrogeade’ 116, 120, 128, 732,
133, 151 )
o wave (inshgmificanty, 23 273, 275 -
Do, 38, 25, 387, ITT284, TR, 207, 300, 312
05 wave, 25
B wave, T3-35, 79, 334, 245
& wave; 34, 35, 283-753 197, W
T wavg, 26-29, 144
Maz, 315
hypenguie, 3548355
inverted, 204, 266, 312, 313
sy mmetrical, 256
symimelnical. M4
perakod. 314
L wave, 104, 315, 320
Wellens Syndrome. 265, 310
Wenckebach, |82, 185
W, B3, 171, 307
Wilgon, F.N,, 44
Wolll-Parkinson-White (S¥ndromel, 171



YES! You do have the right book.
RAPID INTERPRETATION OF EKG's, now

classic, is the most popular and most referenced of
all EKG (ECG) texts. For over thirty-five (35!) years
it has remained the world’s best seller {printed in
46 languages).

Now it ig the most current text of its kind, since it is
updated with each printing. Extensively illustrated in
vivid color, the simplified, interactive format assures
rapid comprehension. An entire chapter is easily
consumed and mastered in a brief sitting.

In the process of learning EKG interpretation, the
reader gains a deeper understanding of cardiac
physiology. Emphasis is on UNDERSTANDING
rather than memorizing, so readers quickly acquire
a lifetime of practical knowledge.

But beware... success spawns imitations.

Numerous imitators have switched the title words,
used synonyms for RAPID and INTERPRETATION,
and even substituted “ECG's” for EKG's. Don't be
deceived by the numerous imitations with enticing
titles. There is only one...

RAPID INTERPRETATION OF EKGs.

There are books that vou buy for a course...
...this is the reference that you keep for life.
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