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Pref ace 

New content! New cases! New color! New clinical pearls! Yet even as we 
keep adding, changing, and improving, the fundamentals remain. It's 
been about 25 years since the first edition of this little book, and we have 
remained resolute to the principles outlined in that very first preface: 

This book is about learning. It's about keeping simple things simple and 
complicated things clear, concise and, yes, simple, too. It's about gettingftom 
here to there without scaring you to death, boring you to tears, or intimidating 
your socks off It's about turning ignorance into knowledge, knowledge into 
wisdom, and all with a bit of fun. 

We must be doing something right, because each year The Only EKG 
Book You Will Ever Need becomes more popular, more widely translated, 
and adopted and used in more medical and other professional schools. 
This edition offers a host of revisions and refinements : 

A whole new palette of colors to make the models, illustrations, and 
tracings clearer than ever 

New clinical cases to expand on one of the most important distinctions 
of the book: to put everything into its proper clinical context (you are 
put right into the middle of real-life clinical situations) and to make 
the information usable 

Expanded sections on subjects where new developments have made 
deeper understanding possible, including atrial fibrillation, long QT 
syndrome, apical ballooning syndrome, and others 

Greater clarity where it is called for, new tracings where they help 
illuminate the points we are trying to make, and-wherever possible­
shortening and simplifying 

vi 



�Preface 
As ever, hats off to Glenn Harper, M .D . ,  the world's greatest 

cardiologist, whose help was invaluable in ensuring the text is up -to­
date, clear, and accurate. And remove two more hats for Kerry Barrett 
and Sonya Seigafuse, who continue to lead the Lippincott Williams 
& Wilkins team that-year after year, edition after edition-produces 
the best -looking, most readable EKG book that one could hope for. 

To those of you who are picking up this book for the first time and 
for those of you who are making a return visit, I hope The Only EKG 
Book You Will Ever Need will provide you with everything you need to 
read EKGs quickly and accurately. 

Malcolm Thaler, M.D. 
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Getting Started 

In this chapter you will learn: 

not a th i n g ,  but  don 't worry.  There i s  p lenty to come .  He re i s  you r  

J I cha nce to turn  a few pages and  get you rse lf  sett led and  ready to ro l l .
Re lax .  Pou r  some tea . Beg i n .  

1 I 
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aVR V1 V4 

· ·, 

aVL V2 V5 

Ill a VF V3 V6 



Getting Started � 
On the opposite page is a normal electrocardiogram, or EKG.  By the 
time you have finished this book-and it won't take very much time 
at all-you will be able to recognize a normal EKG almost instantly. 
Perhaps even more importantly, you will have learned to spot all of 
the common abnormalities that can occur on an EKG, and you will 
be good at it! 

--�r:...-------------------------



�Getting Started 

Some people have compared learning to read EKGs with learning 
to read music. In both instances, one is faced with a completely new 
notational system not rooted in conventional language and full of 
unfamiliar shapes and symbols. 

But there really is no comparison. The simple lub -dub of the 
heart cannot approach the subtle complexity of a Beethoven string 
quartet (especially one of the late ones!) , the multiplying tonalities 
and rhythms of Stravinsky's Rite of Spring, or the extraordinary jazz 
interplay of Keith Jarrett's Standards trio. 

There's just not that much going on. 



Getting Started � 
The EKG is a tool of remarkable clinical power, remarkable both 

for the ease with which it can be mastered and for the extraordinary 
range of situations in which it can provide helpful and even critical 
information. One glance at an EKG can diagnose an evolving 
myocardial infarction, identify a potentially life -threatening 
arrhythmia, pinpoint the chronic effects of sustained hypertension or 
the acute effects of a massive pulmonary embolus, or simply provide 
a measure of reassurance to someone who wants to begin an exercise 
program. 

Remember, however, that the EKG is only a tool and, like any 
tool, is only as capable as its user. Put a chisel in my hand and you are 
unlikely to get Michelangelo's David. 



�Getting Started 

The n i ne cha pters of th i s  book wi l l  ta ke you on a n  e lectrify i ng  

voyage from i g no rance to  dazzl i n g  com petence .  You w i l l  a maze 

you r  fr iends  (a nd ,  more i m porta nt ly, you rse lf) .  The road map you 

wi l l  fo l l ow looks l i ke th i s :  

C hapter 1 :  You  wi l l  lea rn about  the e lectr ica l events that  generate 

the d ifferent waves on the EKG ,  and-a rmed with th i s  knowl­

edge-you w i l l  be able to recogn ize and u n derstand  the norma l  

1 2 - lead E KG .  

C hapter 2 :  You w i l l  see how s imp le  and  pred ictab le  a lterat ions i n  

certa i n  waves permit the d iag nos is of en l a rgement and  hypertro­

phy of the atria and  ventr ic les .  

C hapter 3 :  You wi l l  become fa m i l ia r  with the most common 

d istu rbances i n  ca rd iac rhythm and  wi l l  l ea rn  why some a re l ife 

th reaten i ng  wh i l e  others a re merely n u isances.  

C hapter 4: You wi l l  learn to identify i nterruptions i n  the norma l  

pathways of card iac conduction and wi l l  be i ntroduced to pacemakers. 

C hapter 5 :  As a com p lement to C ha pter 4, you wi l l  learn what 

happens when the e lectr ica l  cu rrent bypasses the usual  channe l s  

of  conduct ion and  a rrives more q u ick ly at its desti nat io n .  

C hapter 6 :  You w i l l  learn t o  d i agnose ischem ic  heart d isease : myo­

ca rd i a l  i nfa rct ions (heart attacks) and  ang i na  ( ischemic  heart pa i n ) .  

C hapter 7 :  You  wi l l  see how va r ious noncard iac phenomena can 

a lter the E KG .  

C hapter 8 :  You w i l l  put a l l  you r  newfound  knowledge together 

i nto a s imple 1 1 -step method for read i ng  a l l  E KGs .  

C hapter 9 :  A few practice str ips w i l l  l e t  you  test you r  knowledge 

and reve l in you r  aston i sh i ng  inte l l ectua l  g rowth . 



Getting Started � 
The whole process is straightforward and should not be the 

least bit intimidating. Intricacies of thought and great leaps of 
creative logic are not required. 

This is not the time for deep thinking. 





The Basics 

In this chapter you will learn: 

J I how the e l ectri ca l cu rrent  i n  the heart is generated 

2 I how th i s  cu rrent is  p ropagated through  the fou r  cham bers of the heart 

3 
4 
5 

I that the movement  of e lectr i c ity th ro u g h  the heart prod uces 

p red ictab l e  wave patterns on  the E KG 

I how the E KG mach i n e  detects a n d  records these waves 

I that the E KG l ooks at the heart from 1 2  d i ffe rent  perspectives 

6 I that you a re now ab l e  to recog n ize a n d  understand a l l  the l i nes a n d  

waves on  t h e  1 2- lead E KG .  

91 



� 1 The Basics 

Electricity and the Heart 

Electricity, an innate biologic electricity, is what makes the heart go. 
The EKG is nothing more than a recording of the heart's electrical 
activity, and it is through perturbations in the normal electrical 
patterns that we are able to diagnose many different cardiac disorders . 

All You Need to Know About Cellular 
Electrophysiology in Two Pages 

Cardiac cells, in their resting state, are electrically polarized; that is, 
their insides are negatively charged with respect to their outsides . This 
electrical polarity is maintained by membrane pumps that ensure 
the appropriate distribution of ions (primarily potassium, sodium, 
chloride, and calcium) necessary to keep the insides of these cells 
relatively electronegative. These ions pass into and out of the cell 
through special ion channels in the cell membrane. 

(±) (±) 

' C) - (±) -- �  
=- ' 

(±) Cf) (±) 
The rest i ng  card i ac  ce l l  m a i nta i n s  its e l ectr ica l po la r i ty by means  of a 
membra n e  p u m p .  Th is  p u m p  req u i res a consta nt supp ly of energy, 
and  the gent leman  a bove, were he  rea l  rather  than  a v isua l  metap hor,  
wou l d  soon be f lat on h is back .  

Cardiac cells can lose their internal negativity in a process called 
depolarization. Depolarization is the fundamental electrical 
event of the heart. In some cells, known as pacemaker cells, it 



Electricity and the Heart � 
occurs spontaneously. In others , it is initiated by the arrival of an 
electrical impulse that causes positively charged ions to cross the cell 
membrane. 

Depolarization is propagated from cell to cell, producing a wave 
of depolarization that can be transmitted across the entire heart. This 
wave of depolarization represents a flow of electricity, an electrical 
current, that can be detected by electrodes placed on the surface of 
the body. 

After depolarization is complete, the cardiac cells restore their 
resting polarity through a process called repolarization. Repolarization 
is accomplished by the membrane pumps, which reverse the flow of 
ions . This process can also be detected by recording electrodes . 

All of the different waves that we see on an EKG are manifestations 
of these two processes: depolarization and repolarization. 

A 

B 

c 

D 

- -

_ o _ 0 0 
+ 

+ + 
0 

+ + + + 

+ !o + + 0 0 0 + + + 

I n  A, a s i ng l e  ce l l  has depo la r ized . A wave of depo la r izat ion  then 
p ropagates from ce l l  to ce l l  (B)  u nt i l a l l  a re depo la r ized 
(C). Repo la r izat ion (O) then restores each ce l l ' s resti ng  po la r ity .  

_ o _ 



� 1 The Basics 

The Cells of the Heart 

From the standpoint of the electrocardiographer, the heart consists of 
three types of cells : 

• Pacemaker cells-under normal circumstances, the electrical 
power source of the heart 

• Electrical conducting cells-the hard wiring of the heart 

• Myocardial cells-the contractile machinery of the heart. 

conduct ion pathway 

myoca rd i a l  ce l l s 

Pacemaker Cells 

Pacemaker cells are small cells approximately 5 to 1 0  µm long. 
These cells are able to depolarize spontaneously over and over again .  
The rate of depolarization is determined by the innate electrical 
characteristics of the cell and by external neurohormonal input. 
Each spontaneous depolarization serves as the source of a wave of 
depolarization that initiates one complete cycle of cardiac contraction 
and relaxation. 



The Cells of the Heart � 

+ 

A pacemaker  ce l l  depo la r i z i ng  sponta neous ly .  

If we record one electrical cycle of depolarization and repolarization 
from a single cell, we get an electrical tracing called an action 
potential. With each spontaneous depolarization, a new action 
potential is generated, which in turn stimulates neighboring cells to 
depolarize and generate their own action potential, and so on and on, 
until the entire heart has been depolarized. 

A typ ica l  act ion potent ia l .  

The action potential of  a cardiac pacemaker cell looks a little 
different from the generic action potential shown here. A pacemaker 
cell does not have a true resting potential . Its electrical charge drops to 
a minimal negative potential, which it maintains for just a moment 
(it does not rest there) , and then rises gradually until it reaches the 
threshold for the sudden depolarization that is an action potential . 
These events are illustrated on the following tracing. 
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c 

The e lectrica l depo la r izat ion-repo la r izat ion cycle of a ca rd iac pacemaker  
cel l .  Po int  A i s  the m i n i m a l  negat ive potentia l .  The gent le  r i s i ng s lope 
between poi nts A and  B represents a s low, g radua l  depo la r izat ion . At 
po int  B, the th resho ld  is crossed and  the ce l l  d ramatica l ly depo la rizes (as 
seen between poi nts B and  C); that is ,  an action potent ia l  i s  p rod uced . 
The downs lope between po i nts C and  D represents repo la r izat ion . Th is  
cyc le  wi l l  repeat over and  over for ,  l et us  hope, many, many yea rs .  

The dominant pacemaker cells in the heart are located high up in the 
right atrium. This group of cells is called the sinoatrial (SA) node, or 
sinus node for short. These cells typically fire at a rate of 60 to 1 00 times 
per minute, but the rate can vary tremendously depending upon the 
activity of the autonomic nervous system (e.g. , sympathetic stimulation 
from adrenalin accelerates the sinus node, whereas vagal stimulation 
slows it) and the demands of the body for increased cardiac output 
(exercise raises the heart rate, whereas a restful afternoon nap lowers it) . 

Pacemaker ce l l s  a re rea l ly good at what they do .  They wi l l  conti nue  

f i r i ng  i n  a dono r  hea rt even after i t  ha s  been ha rvested for transp lant  

and  before it has been con nected to the new recip ient .  

I n  a rest i ng  i n d iv i dua l ,  the s i nus  node typ ica l ly f i res 60 to 1 00 t imes per  
m i n ute, p rod uc ing  a reg u l a r  ser ies  of act ion potent ia l s ,  each of wh ich 
i n it i ates a wave of depo la r izat ion that wi l l  sp read through the heart .  



The Cells of the Heart � 

Actua l ly, every ce l l  i n  the heart has the ab i l ity to behave l i ke a pace­

maker  cel l .  This so-ca l led automatic ability i s  norma l ly suppressed 

u n less the dom inant ce l l s  of the s i nus  node fa i l  or if someth i ng  in the 

i nterna l  o r  externa l  envi ron ment of a ce l l  (sym pathetic sti m u lat ion ,  

ca rd iac  d isease, etc) sti m u lates i ts  a utomatic behav ior .  Th is  top ic  

assu mes g reater i m porta nce later on  and  is d iscussed under  Ectopic 

Rhythms i n  C ha pter 3 .  

Electrical Conducting Cells 

Electrical conducting cells are long, thin cells . Like the wires of an 
electrical circuit, these cells carry current rapidly and efficiently 
to distant regions of the heart. The electrical conducting cells of 
the ventricles form distinct electrical pathways . The ventricular 
conducting fibers comprise the Purkinje system. 

The conducting pathways in the atria have more anatomic 
variability; prominent among these are fibers at the top of the intra­
atrial septum in a region called Bachman's bundle that allow for rapid 
activation of the left atrium from the right. 

Atrial 
conducting 

system 

Ventricular """""='---' 
conducting 

system 

The ha rd w i r i ng  of the heart .  
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Myocardial Cells 

The myocardial cells constitute by far the largest part of the heart 
tissue. They are responsible for the heavy labor of repeatedly 
contracting and relaxing, thereby delivering blood to the rest of the 
body. These cells are about 50  to 1 00 µm in length and contain an 
abundance of the contractile proteins actin and myosin. 

When a wave of depolarization reaches a myocardial cell, calcium 
is released within the cell, causing the cell to contract. This process, 
in which calcium plays the key intermediary role, is called excitation­
contraction coupling. 

A 

,---+ Ca 
=-- C) I 0 I ==---

L __ _. ca++ : B 

act i n  myos i n  

0 0 0 
+ + + 

lml 
+ + + 

0 0 0 

ca++ +---I 
0 I + I 

-=- I 
Ca++ +---, 

I 
I 

Depo la r izat ion causes ca l c i um to be released with i n  a myoca rd i a l  ce l l .  
Th i s  i nf lux  o f  ca lc i u m  a l lows acti n a n d  myos i n ,  the contract i l e  p rote i ns ,  
to i nteract, ca us i ng  the ce l l  to contract .  (A) A rest ing  myoca rd i a l  cel l .  
(B) A depo la r ized,  contracted myoca rd i a l  cel l .  

Myocardial cells can transmit an  electrical current just like 
electrical conducting cells , but they do so far less efficiently. Thus, 
a wave of depolarization, upon reaching the myocardial cells , will 
spread slowly across the entire myocardium. 



Time and Voltage � 

Time and Voltage 

The waves that appear on an EKG primarily reflect the electrical 
activity of the myocardial cells, which compose the vast bulk of the 
heart. Pacemaker activity and transmission by the conducting system 
are generally not seen on the EKG; these events simply do not 
generate sufficient voltage to be recorded by surface electrodes . 

The waves produced by myocardial depolarization and 
repolarization are recorded on EKG paper and, like any simple wave, 
have three chief characteristics : 

1 .  Duration, measured in fractions of a second 

2. Amplitude, measured in millivolts (m V) 

3. Con.figuration, a more subjective criterion referring to the shape 
and appearance of a wave. 

ampl;tudJ 
(m;l l ;vol1 .... 

� 
� ' ' Iii. 

' 
" 

durat ion 
(fract ions of a second) 

A typ ica l  wave that m i g ht be seen on any E KG .  It i s  two l a rge sq ua res 
(or 1 0  sma l l  squa res) in a m p l i tude,  th ree l a rge squa res (or 1 5  sma l l  
sq ua res) i n  d u rat ion ,  and  s l i g ht ly asym metr ic i n  confi g u rat io n .  

EKG Paper 

EKG paper is a long, continuous roll of graph paper, usually pink 
(but any color will do) , with light and dark lines running vertically 
and horizontally. The light lines circumscribe small squares of 
1 x 1 mm; the dark lines delineate large squares of 5 x 5 mm. 

The horizontal axis measures time. The distance across one small 
square represents 0 .04 seconds . The distance across one large square is 
five times greater, or 0 .2  seconds . 
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The vertical axis measures voltage. The distance along one small 
square represents 0 . 1 m V, and along one large square, 0 . 5  m V. 

You will need to memorize these numbers at some point, so you 
might as well do it now. 

ve
a
�:�al � 1 11111 11111 1111111111 1 1 111 11111 11111 1111• }�f��

de 

(m1ll1volts) 1. d f ...._____. ...._____. amp 1tu e o ---,-- ---,--
0.5 mV 0.2 seconds 0.2 seconds 

1 second 

horizontal axis (seconds) 

Both waves a re one l a rge square i n  d u rat ion (0 . 2  seconds), but the 
second wave i s  twice the voltage of  the fi rst ( 1  mV com pared with  
0 .5  mV) .  The f lat segment con nect i ng  the two waves i s  f ive l a rge 
squares (5  x 0.2 seconds  = 1 second)  i n  d u rat i on .  



P Waves, QRS Complexes, T Waves, and Some Straigh t  Lines � 
P Waves, QRS Complexes, T Waves, 
and Some Straight lines 

Let's follow one cycle of cardiac contraction (systole) and relaxation 
(diastole) , focusing on the electrical events that produce the basic waves 
and lines of the standard EKG.  

Atrial Depolariza tion 

The sinus node fires spontaneously (an event not visible on the 
EKG) , and a wave of depolarization begins to spread outward into 
the atrial myocardium, much as if a pebble were dropped into a calm 
lake . Depolarization of the atrial myocardial cells results in atrial 
contraction. 

Each cyc l e  of norma l  card iac contract ion and re laxation  beg i n s  when the 
s inus node depo la r izes spontaneous ly .  The wave of depo la r izat ion then 
propagates through  both atr ia ,  ca us i ng  them to contract. 

During atrial depolarization and contraction, electrodes placed on 
the surface of the body record a small burst of electrical activity lasting 
a fraction of a second. This is the P wave. It is a recording of the spread 
of depolarization through the atrial myocardium from start to finish. 
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The EKG records a s m a l l  def lect ion ,  the P wave . 

Because the sinus node is located in the right atrium, the right 
atrium begins to depolarize before the left atrium and finishes 
earlier as well. Therefore, the first part of the P wave predominantly 
represents right atrial depolarization, and the second part left atrial 
depolarization. 

Once atrial depolarization is complete, the EKG again becomes 
electrically silent. 

I 
I 
I 
* 

_ .. 'll� .. -
right atrial component I left atrial component 

The com ponents of the P wave . 

A Pa use Separa tes Conduction From the Atria 
to the Ven tricles 

In healthy hearts , there is an electrical gate at the junction of the atria 
and the ventricles . The wave of depolarization, having completed its 
journey through the atria, is prevented from communicating with 
the ventricles by the heart valves that separate the atria and ventricles . 
Electrical conduction must be funneled along the interventricular 
septum, the wall that separates the right and left ventricles . Here, a 
structure called the atrioventricular (AV) node slows conduction to a 
crawl. This pause lasts only a fraction of a second. 
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This physiologic delay in conduction is essential to allow the atria 

to finish contracting before the ventricles begin to contract. This 
clever electrical wiring of the heart permits the atria to empty their 
volume of blood completely into the ventricles before the ventricles 
contract. 

Like the sinus node, the AV node is also under the influence of the 
autonomic nervous system. Vagal stimulation slows the current even 
further, whereas sympathetic stimulation accelerates the current. 

B 

y 
conduction pause 
at the AV node 

(A) The wave of depo la r izat ion  i s  br ief ly he ld  u p  at the AV node .  
(B) D u r i ng  th i s  pa use, the E KG fa l l s s i l ent; there i s  no detectab le  
e lectri ca l  act iv ity .  
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Ventricular Depolariza tion 

After about one -tenth of a second, the depolarizing wave escapes the 
AV node and is swept rapidly down the ventricles along specialized 
electrical conducting cells . 

This ventricular conducting system has a complex anatomy but 
essentially consists of three parts : 

1 .  Bundle of His 

2. Bundle branches 

3. Terminal Purkinje fibers. 

l eft bund l e  branch 

r ight bund l e  branch 

Pu rk i nje fibers 

The bundle of His emerges from the AV node and almost 
immediately divides into right and left bundle branches . The 
right bundle branch carries the current down the right side of the 
interventricular septum all the way to the apex of the right ventricle. 
The left bundle branch is more complicated. It divides into three 
major fascicles: 

1 .  Septa! fascicle, which depolarizes the interventricular septum 
(the wall of muscle separating the right and left ventricles) in a 
left-to -right direction 

2. Anterior fascicle, which runs along the anterior wall of the left 
ventricle 
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3. Posterior fascicle, which sweeps over the posterior wall of the left 

ventricle. 

The right bundle branch and the left bundle branch and its 
fascicles terminate in countless tiny Purkinje fibers, which resemble 
little twigs coming off the branches of a tree. These fibers deliver the 
electrical current into the ventricular myocardium. 

+----- AV node 
.,__ ____ bund l e  of His 

r ight bund l e  b ranch 

"____.,...,__ __ septa I fasc i c le  
l eft a nter ior fasc i c le  

Pu rk inje f ibers 

The ventr icu l a r  cond uct ion system ,  shown i n  deta i l .  Be low the b u nd le  
of  H i s ,  the conduct ion system d iv ides i nto r ight  and  l eft b u nd l e  
branches .  The  r i gh t  b u nd l e  b r anch  rem a i n s  i ntact, whereas the left 
d iv ides i nto th ree sepa rate fasc ic les .  

Ventricular myocardial depolarization causes ventricular 
contraction. It is marked by a large deflection on the EKG called the 
QRS complex. The amplitude of the QRS complex is much greater 
than that of the atrial P wave because the ventricles have so much 
more muscle mass than the atria. The QRS complex is also more 
complicated and variable in shape, reflecting the greater intricacy of 
the pathway of ventricular depolarization. 
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y 
ORS complex 

(A) Ventr i c u l a r  depo la r izat ion generates (B) a com p l icated waveform on 
the E KG ca l led the Q RS com p l ex. 

The Parts of the QRS Complex 

The QRS complex consists of several distinct waves, each of which 
has a name. Because the precise configuration of the QRS complex 
can vary so greatly, a standard format for naming each component 
has been devised. It may seem a bit arbitrary to you right now, but it 
actually makes good sense. 

1 .  If the first deflection is downward, it is called a Q wave. 

2 .  The first upward deflection is called an R wave. 

3. If there is a second upward deflection, it is called R' ("R-prime") .  
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4 .  The first downward deflection following an upward deflection 

is called an S wave. Therefore, if the first wave of the complex 
is an R wave, the ensuing downward deflection is called an 
S wave, not a Q wave. A downward deflection can only be 
called a Q wave if it is the first wave of the complex. Any other 
downward deflection is called an S wave. 

5 .  If the entire configuration consists solely of one downward 
deflection, the wave is called a QS wave. 

Here are several of the most common QRS configurations, with 
each wave component named. 

I 

v I 
ll l l l l WN lll l l l 

QRS RSR1 

' I 11 1 111�1 11111 1 1 
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v 
QS R 

The earliest part of the QRS complex represents depolarization of 
the interventricular septum by the septal fascicle of the left bundle 
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branch. The right and left ventricles then depolarize at about the 
same time, but most of what we see on the EKG represents left 
ventricular activation because the muscle mass of the left ventricle is 
about three times that of the right ventricle. 

� 

I I 
Depola r ization  of the septum 

The i n i t i a l  part o f  the QRS com p lex represents septal  depo la r izat ion . 
Somet i mes, th i s  septa l depo la r izat ion may appear  as a sma l l ,  d i screte, 
negative deflect ion ,  a Q wave . 

Repo/ariza tion 

After myocardial cells depolarize, they pass through a brief refractory 
period during which they are resistant to further stimulation. They 
then repolarize; that is, they restore the electronegativity of their 
interiors so that they can be restimulated. 

Just as there is a wave of depolarization, there is also a wave of 
repolarization. This, too, can be seen on the EKG.  Ventricular 
repolarization inscribes a third wave on the EKG, the T wave. 

Note: There is a wave of atr i a l  repo la rizat ion as we l l ,  but it co i nc ides 

with ventricu l a r  depo la rization and  is h idden by the m uch more 

p rom i nent QRS com p lex. 
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Ventricular repolarization is a much slower process than ventricular 

depolarization. Therefore, the T wave is broader than the QRS 
complex. Its configuration is also simpler and more rounded, like the 
silhouette of a gentle hill compared to the sharp, jagged, and often 
intricate contour of the QRS complex. 

I 
T wave 

(A) Ventr i cu l a r  repo la r izat ion generates (B) a T wave on the E KG .  
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Naming the Straight lines 

The different straight lines connecting the various waves have also 
been given names . Thus, we speak of the PR interval, the ST segment, 
the QT interval, and so on. 

What differentiates a segment from an interval? A segment is a 
straight line connecting two waves ,  whereas an interval encompasses 
at least one wave plus the connecting straight line. 

segment 
I 

interval 

interval 

The PR interval includes the P wave and the straight line 
connecting it to the QRS complex. It therefore measures the time 
from the start of atrial depolarization to the start of ventricular 
depolarization. 

The PR segment is the straight line running from the end of the 
P wave to the start of the QRS complex. It therefore measures the 
time from the end of atrial depolarization to the start of ventricular 
depolarization. 

DQ 
segm �nt] 

-I r--
' 

1---j 
PR 

i nterva l 

/ v-........ ' 
I 
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The ST segment is the straight line connecting the end of the QRS 

complex with the beginning of the T wave. It measures the time 
from the end of ventricular depolarization to the start of ventricular 
repolarization.  

The QT interval includes the QRS complex, the ST segment, and 
the T wave. It therefore measures the time from the beginning of 
ventricular depolarization to the end of ventricular repolarization.  

The term QRS interval is used to describe the duration of the 
QRS complex alone without any connecting segments . Obviously, it 
measures the duration of ventricular depolarization. 

:J, __ 
S

_
T

_ , 

i nterva l segment 

QT i nterva l 
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The Waves a n d  Stra i g ht Li nes of the E KG 

1 .  Each cycle of cardiac contraction and relaxation is initiated by 
spontaneous depolarization of the sinus node. This event is not 
seen on the EKG. 

2 .  The P wave records atrial depolarization and contraction. The 
first part of the P wave reflects right atrial activity; the second 
part reflects left atrial activity. 

3. There is a brief pause when the electrical current reaches the AV 
node and the EKG falls silent (the PR segment) . 

4 .  The wave of depolarization then spreads along the ventricular 
conducting system (bundle of His, bundle branches, and 
Purkinje fibers) and out into the ventricular myocardium. 
The first part of the ventricles to be depolarized is the 
interventricular septum. Ventricular depolarization generates the 
QRS complex. 

5. The T wave records ventricular repolarization.  Atrial 
repolarization is not seen. 

6 .  Various segments and intervals describe the time between these 
events : 

a. The PR interval measures the time from the start of atrial 
depolarization to the start of ventricular depolarization. 

b. The PR segment measures the time from the end of atrial 
depolarization to the start of ventricular depolarization. 

c.  The ST segment records the time from the end of ventricular 
depolarization to the start of ventricular repolarization. 
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d. The QT interval measures the time from the start of 

ventricular depolarization to the end of ventricular 
repolarization. 

e.  The QRS interval measures the time of ventricular 
depolarization. 

P wave 

QRS com p lex 

PR 
segment 

I I 

1_
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_
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_
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interva l segment 

QT interva l 

T wave 
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Making Waves 

Electrodes can be placed an ywhere on the surface of the body to 
record the heart's electrical activity. If we do this, we quickly discover 
that the waves recorded by a positive electrode on the left arm look 
very different from those recorded by a positive electrode on the right 
arm (or right leg, left leg, etc. ) .  

It's easy to see why. A wave of depolarization moving toward a 
positive electrode causes a positive deflection on the EKG. A wave 
of depolarization moving away from a positive electrode causes a 
negative deflection. 

Look at the figure below. The wave of depolarization is moving left 
to right, toward the electrode. The EKG records a positive deflection. 

A 
0 
+ 

0 + 

0 0 8 <B <B <B <B �ositive 
+ + - - e lectrode � -----:--(£) .  
---=-----

+ + + + 
0 0 0 0 <B 
�e_p� l���t!9� - ... 

A wave of depo la r izat ion movi ng  towa rd a pos it ive e lectrode records a 
posit ive deflect ion  on the EKG . 

Now look at the following figure. The wave of depolarization is 
moving right to left, away from the electrode. The EKG therefore 
records a negative deflection. 
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B 

0 
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e e 0 G G 
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� � � � �e. 
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© © 0 e o O G � 0 depo larization 
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A wave of depo la r izat ion movi ng  away from a pos itive e lectrode 
records a negat ive def lect ion on the E K G .  

What will the EKG record if  the positive electrode i s  placed in  the 
middle of the cell? 

Initially, as the wavefront approaches the electrode, the EKG 
records a positive deflection. 

A - - - _. depo la rizat ion  
G G 8 EB  EB EB 

0c��® 
G o  EB EB EB EB 7pos itive e lectrode 

_J 
EKG 

Depo la r izat ion  beg ins ,  generat i ng  a pos it ive def lect ion on the E KG .  

Then, at the precise moment that the wave reaches the electrode, 
the positive and negative charges are balanced and essentially cancel 
each other out. The EKG recording returns to baseline. 

B ______ _. 
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8 
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+ + 
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_/\ 
EKG 

The wavefront reaches the e lectrode .  The pos it ive a n d  negat ive 
cha rges a re ba l anced ,  a n d  the EKG retu rns to base l i ne .  
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As the wave of depolarization recedes, a negative deflection is 
inscribed. 

c ------------ -+ 0 0 0 0 r:B 0 + + + + 
+ ----=cs � + 0 0 + ------=-----
+ + + � + + r:B 0 0 0 />0 0 

The wave of depo la r izat ion beg i n s  to recede from the e lectrode, 
generat i ng  a negative def lect ion . 

The EKG finally returns to baseline once again when 
depolarization is complete . 

D 0 0 0 0 0 0 + + + + + + ----=cs � 0 + 0 + ------=----- + !v-+ + + + + 0 0 0 0 />0 0 
The ce l l  is fu l ly depo la r ized, and  the E KG once aga i n  retu rns  to 
base l i n e .  

The final inscription of a depolarizing wave moving 
perpendicularly to a positive electrode is therefore a biphasic wave. 

What wou ld  the trac ing  look l i ke if the record i ng  e lectrode were 

p laced over a reg ion of pacemaker  ce l l s  suffic ient to generate a 

detectab le  cu rrent? The traci ng  wou ld  show a downwa rd , negative 

deflect ion ,  s i nce a l l  the cu rrent is movi ng  away from the or ig i n  where 

you a re record i n g .  
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The effects of repolarization on the EKG are similar to those 

of depolarization, except that the charges are reversed. A wave of 
repolarization moving toward a positive electrode inscribes a negative 
deflection on the EKG. A wave of repolarization moving away from 
a positive electrode produces a positive deflection on the EKG. A 
perpendicular wave produces a biphasic wave; however, the negative 
deflection of the biphasic wave now precedes the positive deflection. 

A --+ repo la r i zation 

+ + + + + 

� � -=::::::::::::_----:-
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B -------+ 
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� � -=::::::::::::_----:-
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_A_ fJ y + 
A wave of repola r izat ion movi ng  th rough  m usc le t issue is recorded 
by th ree d ifferent pos it ive e lectrodes :  (A) Ea r ly repo la r izat io n .  (B) Late 
repo la r izat i on .  (C) Repola r izat ion is com p l ete . 
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We can easily apply these concepts to the entire heart. Electrodes 
placed on the surface of the body will record waves of depolarization 
and repolarization as they sweep through the heart . 

If a wave of depolarization passing through the heart is moving 
toward a surface electrode, that electrode will record a positive 
deflection (electrode A) . If the wave of depolarization is moving away 
from the electrode, the electrode will record a negative deflection 
(electrode B) . If the wave of depolarization is moving perpendicularly 
to the electrode, the electrode will record a biphasic wave (electrode 
C) .  The effects of repolarization are precisely the opposite of those of 
depolarization, as you would expect. 

c 

A wave of depo la r izat ion movi n g  th rough  the heart (large arrow) . 
E lectrode A records a pos it ive def lection ,  e lectrode B records a 
negat ive deflect ion ,  and  e lectrode C records a b i phas ic  wave . 
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The 12 Views of the Heart 

If the heart were as simple as a single myocardial cell, a couple of 
recording electrodes would give us all the information we need to 
describe its electrical activity. However, as we have already seen, the heart 
is not so simple-a burden to you, a boon to authors of EKG books. 

The heart is a three -dimensional organ, and its electrical 
activity must be understood in three dimensions as well . A couple 
of electrodes are not adequate to do this, a fact that the original 
electrocardiographers recognized well over a century ago when they 
devised the first limb leads . Today, the standard EKG consists of 1 2  
leads, with each lead determined by the placement and orientation of 
various electrodes on the body. Each lead views the heart at a unique 
angle, enhancing its sensitivity to a particular region of the heart at the 
expense of others . The more views, the more information provided. 

To read an EKG and extract as much information as possible, you 
need to understand the 1 2 -lead system. 

'� � . • 

Th ree observers get th ree very d i fferent i m p ress ions  of th i s  
cons u m m ate exa m p l e  of  the Loxodonta africana. One  observer sees 
the tru nk ,  another sees the body, and the th i rd sees the ta i l .  If you 
wa nted the best descr ipt ion  of the e lephant, who wou l d  you ask?  A l l  
th ree, o f  cou rse .  
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To prepare a patient for a 1 2-lead EKG, two electrodes are placed on 
the arms and two on the legs . These provide the basis for the six limb 
leads, which include the three standard leads and the three augmented 
leads (these terms will make more sense in a moment) . Six electrodes 
are also placed across the chest, forming the six precordial leads. 

The electrical recordings will vary depending on the precise 
placement of the electrodes . Therefore, adherence to standard 
positioning protocols is very important to allow comparison 
between EKGs taken at different times in different settings . 

The Six Limb Leads 

The limb leads view the heart in a vertical plane called the 
frontal plane. The frontal plane can be envisioned as a giant circle 
superimposed on the patient's body. This circle is then marked 



The 12 Views of the Heart � 
off in degrees . The limb leads view electrical forces (waves of 
depolarization and repolarization) moving up and down and left and 
right through this circle. 

The fronta l p lane i s  a corona l  p l ane .  The l i m b  leads v iew e lectr ica l  
forces m ovi ng  up and  down and  left and  r ight  on the fronta l p l ane .  

To produce the six leads of the frontal plane, each of the 
electrodes is variably designated as positive or negative (this is done 
automatically by circuitry inside the EKG machine) . 

Each lead has its own specific view of the heart, or angle of 
orientation. The angle of each lead can be determined by drawing a 
line from the negative electrode(s) to the positive electrode(s) . The 
resultant angle is then expressed in degrees by superimposing it on the 
360° circle of the frontal plane. 
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The three standard limb leads are defined as follows : 

1 .  Lead I is created by making the left arm positive and the right 
arm negative. Its angle of orientation is 0° .  

2 .  Lead II i s  created by making the legs positive and the right arm 
negative. Its angle of orientation is 60° .  

3 .  Lead III is created by making the legs positive and the left arm 
negative. Its angle of orientation is 1 20° .  

l ead I l ead I I  l ead I l l  

The three augmented limb leads are created somewhat differently. 
A single lead is chosen to be positive, and all the others are made 
negative, with their average essentially serving as the negative electrode 
(common ground) . They are called augmented leads because the EKG 
machinery must amplify the tracings to get an adequate recording. 

1 .  Lead a VL is created by making the left arm positive and the 
other limbs negative. Its angle of orientation is -30° .  

2 .  Lead a VR is  created by making the right arm positive and the 
other limbs negative . Its angle of orientation is - 1 50° .  

3 .  Lead a VF is created by making the legs positive and the other 
limbs negative. Its angle of orientation is +90° .  



l ead aVL 

The 1 2  Views of the Heart � 

l ead aVR 

In the next figure, all six leads of the frontal plane are indicated 
with their appropriate angles of orientation. Just as our three observers 
each looked at the elephant from his or her own unique perspective, 
each lead perceives the heart from its own unique point of view. 

-90° 

aVF (+90 ° ) 
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Leads II ,  III ,  and a VF are called the inferior leads because they most 
effectively view the inferior surface of the heart. The inferior surface, 
or wall, of the heart is an anatomic term for the bottom of the heart, 
the portion that rests on the diaphragm. 

Leads I and a VL are often called the left lateral leads because they 
have the best view of the left lateral wall of the heart. 

a VR is pretty much a loner. It is considered the only true right­
sided limb lead. Memorize these six leads and their angles . 

Lead 

Inferior Leads 

Lead I I  
Lead I l l  
Lead aVF 

Left Lateral Leads 

Lead I 
Lead aVL 

Right-sided Lead 

Lead aVR 

Ang le  

+60° 

+ 1 20° 

+90° 

+oo 

-30° 

- 1 50° 

Of s ix l i m b  leads,  th ree a re standa rd ( I ,  I I ,  and I l l ) ,  and th ree a re 
a u g mented (aVR, aVL, and  aVF) . Each lead views the hea rt from i ts 
own part icu l a r  ang l e  of or i entat ion . 
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The six precordial leads, or chest leads, are even easier to understand. 
They are arranged across the chest in a horizontal plane as illustrated 
below. Whereas the leads of the frontal plane view electrical forces 
moving up and down and left and right, the precordial leads record 
forces moving anteriorly and posteriorly. 

To create the six precordial leads, each chest electrode is made 
positive in turn, and the whole body is taken as the common ground. 
The six positive electrodes, creating the precordial leads Vl through 
V6, are positioned as follows : 

• Vl is placed in the fourth intercostal space to the right of the 
sternum. 

• V2 is placed in the fourth intercostal space to the left of the 
sternum. 

• V3 is placed between V2 and V4. 

• V 4 is placed in the fifth intercostal space in the midclavicular line. 

• VS is placed between V4 and V6. 

• V6 is placed in the fifth intercostal space in the midaxillary line . 

postenor � V6 

V1  V2 V3 V4 VS 
anterior 

The p record i a l  leads def i ne  a hor izonta l or tra nsverse p l ane  and  v iew 
e lectr ica l forces movi ng  a nter io r ly and  poster io r ly .  
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Just like the limb leads, each precordial lead has its own particular 
line of sight and region of the heart that it views best. 

V1 V2 

Note that the right ventricle lies anteriorly and medially within 
the body cavity, and the left ventricle lies posteriorly and laterally. 
Lead Vl lies directly over the right ventricle, V2 and V3 over the 
interventricular septum, V 4 over the apex of the left ventricle, and 
VS and V6 over the lateral left ventricle. 

Leads V2 through V 4 are often referred to as the anterior leads, 
VS and V6 join I and a VL as left lateral leads, and leads a VR and Vl 
are the right ventricular leads. 

Lea d s  

V2, V3 , V4 

I ,  aVL, VS ,V6 

II ,  III , aVF 

aVR, Vl 

G rou p 

Anterior 

Left lateral 

Inferior 

Right ventricular 
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A Word About Vectors � 

It is important to recognize that each EKG electrode records only the 
average current flow at any given moment. Thus, although tiny swirls 
of current may simultaneously be going off in every direction, each 
lead records only the instantaneous average of these forces . In this 
way, out of chaos, some very simple patterns emerge. 

This concept is really quite simple; an analogy may be helpful. 
During the course of a soccer match, a goalie may kick the ball many 
different times to various members of his team (or, if our hypothetical 
goalie is not very good, the other team) . Some balls will go left, others 
right, still others straight down the field. However, by the end of 
the game, the average direction of all of the goalie's kicks and tosses 
is likely to be straight ahead, toward the opposing net. This average 
movement can be represented by a single arrow, or vector. 

A 

B 

(A) The d i rections  of each of the goa l i e ' s  k icks d u r i n g  the cou rse of the 
game.  (B)  A s i ng l e  vector rep resents the ave rage d i rect ion  and  d i stance 
of a l l  of these k icks .  
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This vector is precisely what our EKG electrodes record when 
measuring the electrical flow within the heart. The vector's angle of 
orientation represents the average direction of current flow, and its 
length represents the voltage (amplitude) attained. 

At any given moment, the electrical forces moving within the heart 
can be represented by a single vector (corresponding to a single kick 
by the goalie) . Furthermore, over any particular period of time during 
the cardiac cycle (e.g. , atrial depolarization) , these individual vectors 
can be summed into a kind of vector of vectors, which describes the 
average direction and magnitude of current flow during that time 
(i. e. , during atrial depolarization, corresponding, let us say, to all the 
goalie's kicks over the first half of the game) . Thus, a particular wave 
(in this case, the wave of atrial depolarization) can be described by a 
single vector of given direction and magnitude. You will see how this 
works and how it simplifies our understanding of the 1 2-lead EKG in 
the following section. 



The Normal 12-lead EKG 

The Normal 1 2-Lea d EKG � 

You now know the three things necessary to derive the normal 
1 2-lead EKG:  

1 .  The normal pathway of  cardiac electrical activation and the 
names of the segments, waves, and intervals that are generated 

2. The orientation of all 1 2  leads, six in the frontal plane and six 
in the horizontal plane 

3. The simple concept that each lead records the average current 
flow at any given moment 

All we need to do now is to take what you already know and figure 
out what each wave looks like in each of the 1 2  leads . 

The P Wa ve 

Atrial depolarization begins at the sinus node, high up in the right 
atrium. The right atrium depolarizes first, then the left atrium. The 
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vector of current flow for atrial depolarization, therefore, points from 
right to left and slightly inferiorly (large arrow) . 

Any lead that views the wave of atrial depolarization as moving 
toward it will record a positive deflection on the EKG paper. The 
left lateral and inferior leads clearly fit this description. In the frontal 
plane, these leads include the left lateral leads I and a VL and the 
inferior leads II and a VF. 

Lead III ,  which is also one of the inferior leads, is positioned a bit 
differently. It is the most rightward (orientation + 1 20°) of the inferior 
leads and actually lies nearly perpendicular to the atrial current. 
Predictably, lead III frequently records a biphasic P wave. 

Lead a VR, the most rightward of all the leads of the frontal plane 
(orientation - 1 50°) ,  sees the electrical current as moving away; hence, 
it records a purely negative deflection. 

l ead aVR 

__/\_ lead I 

l ead I l l � 
The vector of atr i a l  depo la r izat ion po i nts leftward and  i nfer ior ly .  
Therefore, lead I records a posit ive wave, aVR records a negative wave, 
and  lead I l l  records a b i phas ic  wave . 

In the horizontal plane, the left lateral leads VS and V6 record a 
positive deflection, just as leads I and a VL did in the frontal plane. 
Lead Vl , lying over the right heart, is oriented perpendicularly to the 
direction of current flow and records a biphasic wave, just like lead 
III .  Leads V2 through V 4 are variable. 
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Atr i a l  depo la r izat ion  i n  the horizonta l p l ane .  V 1  reco rds a b i phas ic  
wave, and  V6 records a posit ive wave . 

Because the atria are small, the voltage they can generate is also 
small . The amplitude of the P wave does not normally exceed 0 .25  
m V (2 . 5  mm, or two and one-half small squares) in  any lead. The P 
wave amplitude is usually most positive in lead II and most negative 
in lead aVR. 

But People Are Individuals 

A word of caution is needed. Variations in anatomy and orientation 
of the heart from person to person make absolute rules impossible. 
For example, although the P wave in lead III is usually biphasic, it is 
not uncommon for it to be negative in perfectly normal hearts . All it 
takes is a change of a few degrees in the vector of current Bow to turn 
a biphasic wave into a negative one. This can happen, for instance, if 
the patient's heart is angled slightly differently in the chest cavity. For 
this reason, the normal angle of orientation of current vectors is given 
in ranges, not precise numbers . For example, the normal range of the 
P wave vector is 0° to 70° .  
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-90° 

oo -90° 

lead I l l  +90° 

� 

+90° 

Rotat ion of the heart with i n  the chest cavity red i rects the perceived d i rect ion of 
cu rrent f low. Lead I l l  i s  norm a l ly or iented perpend i cu l a r ly to atr i a l  depo la r izat i on .  
W i th  the a pex o f  the heart tu rned leftwa rd, l e ad  I l l  wi l l  v iew atri a l  depo la r izat ion  as  
reced i n g  and  wi l l  record a wave that i s  l a rge ly negat ive.  

The PR In terva l  

The PR interval represents the time from the start of  atrial 
depolarization to the start of ventricular depolarization. It includes 
the delay in conduction that occurs at the AV node. The PR interval 
normally lasts from 0 . 1 2  to 0 .2 seconds (3 to 5 mm on the EKG paper) . 



PR interval 

The Normal 1 2-Lea d EKG � 

The norma l  PR i nterva l l asts 0 . 1 2  to 0 . 2  seconds .  

The PR Segment 

The PR segment represents the time from the end of atrial 
depolarization to the beginning of ventricular depolarization. The PR 
segment is usually horizontal and runs along the same baseline as the 
start of the P wave. 

r � 
PR 

segment 

' 

The PR seg ment is hor izonta l .  
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The QRS Complex Is Complex, But Not Complica ted 

Our wave of electrical depolarization, emerging from the AV node, is 
now ready to enter the ventricles . 

Septa/ Q Wa ves 

The interventricular septum, the wall of muscle separating the right 
and left ventricles, is the first to depolarize, and it does so in a left­
to-right direction. The tiny septal fascicle of the left bundle branch 
is responsible for rapidly delivering the wave of depolarization to this 
region of the heart. 

Septal depolarization is not always visible on the EKG, but when 
it is, this small left-to-right depolarization inscribes a tiny negative 
deflection in one or several of the left lateral leads . This initial 
negative deflection, or Q wave, may therefore be seen in leads I ,  
aVL, V5 , and V6. Sometimes, small Q waves may also be seen in the 
inferior leads and in V3 and V 4 .  

Normal septal Q waves have an amplitude of  not greater than 0. 1 m V 

-J 
l ead  I 

The left l atera l leads v iew left-to-r i g ht septal depo la r izat ion  as movi n g  
away; therefore, they record a sma l l  i n it i a l  negative deflect ion ,  o r  
Q wave . S m a l l  Q waves a re a lso someti mes seen i n  the i nfer io r  leads;  
these a re norm a l .  
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The Rest of the Ven tricular Myocardium Depolarizes 

The remainder of the ventricles , the vast bulk of the myocardium, 
depolarizes next. Because the left ventricle is so much more massive 
than the right ventricle, it dominates the remainder of the QRS 
complex, and the average vector of current flow swings leftward. 
Normally, this vector points anywhere from 0° to +90° .  In the frontal 
plane, therefore, large positive deflections (R waves) may be seen in 
many of the left lateral and inferior leads . Lead a VR, lying rightward, 
records a deep negative deflection (S wave) . 

-90° 

lead aVR 

oor++-+-++++++++-fft-+-+-H-+-H 

lead I 

+90° 

lead I I  

Ventr icu l a r  depo la r izat ion as  seen i n  leads I ,  I I ,  a n d  aVR. Lead I records 
a sma l l  Q wave due to septa l depo la r izat ion and a ta l l  R wave . Lead 
I I  a lso records a ta l l  R wave and ,  less often ,  a sma l l  Q wave . The QRS 
com p l ex i n  lead aVR i s  a lso deep ly  negative . 
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In the horizontal plane, lead VI , which overlies the right ventricle, 
usually records a deep S wave because the current is moving leftward, 
away from it. Conversely, leads VS and V6, lying over the left 
ventricle, record tall positive R waves .  Leads V3 and V 4 represent a 
transition zone, and usually, one of these leads records a biphasic wave, 
that is, an R wave and an S wave of nearly equal amplitude. 

This pattern of progressively increasing R wave amplitude moving 
right to left in the precordial leads is called R wave progression. Lead 
VI has the smallest R wave; lead VS , the largest (the R wave in lead 
V6 is usually a little smaller than that in lead VS) .  We also speak 
of a transition zone, the precordial lead or leads in which the QRS 
complex goes from being predominantly negative to predominantly 
positive. The normal transition zone occurs at leads V3 and V 4 .  

The amplitude of the QRS complex i s  much greater than that of 
the P wave because the ventricles, having so much more muscle mass 
than the atria, can generate a much greater electrical potential . 

v1 llBIJ V4 111MI 

V3 11111 

Ventr i cu l a r  depo la r izat ion i n  the precord i a l  leads .  Note the norm a l  pattern of R 
wave p rog ress ion . The wave i n  lead V3 is b i phas i c .  



The QRS In terval 

The Normal 1 2-Lea d EKG � 

A normal QRS interval, representing the duration of the QRS 
complex, is 0 .06 to 0 . 1 seconds in duration. 

I/"" ' 

The ST Segment 

� � �I 
QRS 

i nterva l 

I/' '""" 

The ST segment is usually horizontal or gently upsloping in all leads . 
It represents the time from the end of ventricular depolarization to 
the start of ventricular repolarization. 

-t I 
I 

i I 
If ' / N 

� � LJ 
ST segment 

The T Wa ve 

The T wave represents ventricular repolarization. 
Unlike depolarization, which is largely passive, repolarization 

requires the expenditure of a great deal of cellular energy (remember 
the membrane pump) . The T wave is highly susceptible to all kinds of 
influences, both cardiac and noncardiac (e.g. , hormonal, neurologic) , 
and is therefore variable in its appearance . 
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Nevertheless, certain general statements can be made. In the 
normal heart, repolarization usually begins in the last area of the heart 
to have been depolarized, and then travels backward, in a direction 
opposite that of the wave of depolarization (large arrow) . Because 
both an approaching wave of depolarization and a receding wave of 
repolarization generate a positive deflection on the EKG, the same 
electrodes that recorded a positive deflection during depolarization 
(appearing as a tall R wave) will also generally record a positive 
deflection during repolarization (appearing as a positive T wave) . It is 
therefore typical and normal to find positive T waves in the same 
leads that have tall R waves. 

The amplitude, or height, of a normal T wave is one-third to two­
thirds that of the corresponding R wave. 

V6 1-++-++1r-a-+++++-r++++-+++t-+++-1 

Ventr i cu l a r  repo la r izat ion  generates a T wave on the E K G .  The T wave 
i s  usua l ly posit ive in leads with ta l l  R waves .  

The QT Interval 

The QT interval encompasses the time from the beginning of 
ventricular depolarization to the end of ventricular repolarization. 
It therefore includes all of the electrical events that take place in the 
ventricles . From the standpoint of time, more of the QT interval is 
devoted to ventricular repolarization than depolarization (i. e. , the 
T wave is wider than the QRS complex) . 
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The duration of the QT interval is proportionate to the heart rate. 

The faster the heart beats , the faster it must repolarize to prepare for 
the next contraction; thus, the shorter the QT interval . Conversely, 
when the heart is beating slowly, there is little urgency to repolarize, 
and the QT interval is long. In general, the QT interval comprises 
about 40% of the normal cardiac cycle, as measured from one R wave 
to the next. 

A 

B 

..... � I� ..... A / "' " A 
' " 

1 QT I nterva l 

R-R I nterva l (1 cyc l e) 

..... � 'i\ , ... A (' "' ) (\ -
v ' v 

I QT I nterva l 
R-R I nterva l 

The QT i nte rva l com poses a bout 40 % of each ca rd iac cyc le  
(R-R i nterva l ) .  The faster the heart beats, the shorter the QT i n terva l .  
T h e  heart rate i n  B i s  cons iderab ly  faster t h a n  that i n  A ,  and  t h e  QT 
i n terva l is correspo n d i n g ly much  shorter ( l ess than  one  a n d  one-ha l f  
boxes versus two fu l l  boxes) . 
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Orie ntat ion of the Waves of the Norma l E KG 

1 .  The P wave is small and usually positive in the left lateral and 
inferior leads . It is often biphasic in leads III and Vl . It is 
usually most positive in lead II and most negative in lead a VR. 

2. The QRS complex is large, and tall R waves (positive 
deflections) are usually seen in most left lateral and inferior 
leads . R wave progression refers to the sequential enlargement of 
R waves as one proceeds across the precordial leads from Vl to 
VS . A small initial Q wave, representing septal depolarization, 
can often be seen in one or several of the left lateral leads, and 
sometimes in the inferior leads . 

3 .  The T wave is variable, but it is usually positive in leads with 
tall R waves .  

4 .  Now, take a good look at the following EKG. Does it seem 
familiar? 

aVR V1  V4 

T : :.)..;_ .:.. ;.�: -

aVL V2 vs 

. - 1  

a VF V3 V6 



The Normal 1 2-Lea d EKG � 
Of course it seems familiar. It's a normal 1 2-lead EKG, identical to 

the one that began the book. 

T H E 
1 2 L E A D 

E K G 

w--.e 
Congratulations! You have successfully traversed the most difficult 
terrain in this book. Everything that follows builds logically from the 
few basic principles you have just mastered. 
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Coming A ttractions 

You are now ready to use the EKG to diagnose an extraordinary 
variety of cardiac and noncardiac disorders . We shall group these 
disorders into five categories . 

Hypertrophy and Enlargement (Chapter 2) . The EKG 
can reveal whether a particular atrial or ventricular chamber 
is enlarged or hypertrophied. Valvular diseases, sustained 
hypertension, and both inherited and acquired cardiac muscle 
disorders can affect the heart in this way, and the EKG can 
therefore help to recognize and evaluate these disorders . 
Abnormalities of Rhythm (Chapter 3) . The heart can beat 
too fast or too slow, fibrillate chaotically, or come to a sudden 
standstill. The EKG is still the best means to assess such rhythm 
disturbances, which, at their most severe, can lead to sudden death. 
Abnormalities of Conduction (Chapters 4 and 5) . If the 
normal pathways of cardiac electrical conduction become blocked, 
the heart rate can fall precipitously. The result can be syncope, a 
faint caused by a sudden decrease in cardiac output. Syncope is 
one of the leading causes of hospital admission. Conduction can 
also be accelerated along short circuits that bypass the normal 
delay in the AV node; we will look at these, too. 
Myocardial Ischemia and Infarction (Chapter 6) . The 
diagnosis of myocardial ischemia and infarction is one of the 
most important roles for the EKG. There are many reasons why a 
patient may have chest pain, and the EKG can help sort these out. 
Electrolyte Disturbances, Drug Effects, and Miscellaneous 
Disorders (Chapter 7) . Because all of the electrical events 
of the heart are dependent on electrolytes, it stands to reason 
that various electrolyte disorders can affect cardiac conduction 
and even lead to sudden death if untreated. Medications such 
as digitalis, antidepressants , antiarrhythmic agents, and even 
antibiotics can profoundly alter the EKG.  A number of cardiac 
and noncardiac diseases can also cause dramatic shifts in the 
EKG.  In each of these instances, a timely glance at an EKG 
may be diagnostic and sometimes lifesaving. 



Hypertrophy 
and En largement 
of the H eart 

In this chapter you will !earn: 

J I what ha ppens to a wave on  the E KG when a n  atr i u m  e n l a rges or a 

ventr i c le  hypertroph ies 

2 I the mea n i n g  of e lectr ica l axis and its i m porta nce in d i ag nos i ng  

hypertrophy a n d  en l a rgement 

3 
4 
5 

I the cr iter ia  for the E KG d i agnos is  of r i ght  a n d  l eft atr i a l  en l a rgement 

I the criter ia for  the EKG d iagnosis of  r ight  and  left ventricu lar  hypertrophy 

I a bout the cases of M i l d red W.  and Tom L. ,  wh ich  w i l l  test you r  a b i l i ty 

to recog n ize the E KG changes of hypertrophy and  e n l a rgement .  

6 1  I 
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Definitions 

The term hypertrophy refers to an increase in muscle mass. The wall 
of a hypertrophied ventricle is thick and powerful. Most hypertrophy 
is caused by pressure overload, in which the heart is forced to pump 
blood against an increased resistance, as in patients with systemic 
hypertension or aortic stenosis . Just as weight lifters develop powerful 
pectoral muscles as they bench press progressively heavier and heavier 
weights, so the heart muscle grows thicker and stronger as it is called 
on to eject blood against increasing resistance. 

Enlargement refers to dilatation of a particular chamber. An 
enlarged ventricle can hold more blood than a normal ventricle. 
Enlargement is typically caused by volume overload: the chamber 
dilates to accommodate an increased amount of blood. Enlargement 
is most often seen with certain valvular diseases. Aortic insufficiency, 
for example, may cause left ventricular enlargement, and mitral 
insufficiency may result in left atrial enlargement. 

Enlargement and hypertrophy frequently coexist. This is not 
surprising because both represent ways in which the heart tries to 
increase its cardiac output. 

(A) A hypertroph ied left ventr ic le caused by aort ic stenos i s .  The wa l l  is 
so thick that the cham ber s i ze i s  actua l ly d i m i n ished .  (B) An e n l a rged 
left ventr ic le .  The chamber  i s  b igger, but  the wa l l  th i ckness i s  norm a l .  



Definitions � 
The EKG is not very good at distinguishing between hypertrophy 

and enlargement. However, it is traditional to speak of atrial 
enlargement and ventricular hypertrophy when reading EKGs. * 

Because the P wave represents atrial depolarization, we look at the 
P wave to assess atrial enlargement. Similarly, we examine the Q RS 
complex to determine whether there is ventricular hypertrophy. 

*The te rm atri a l  en l a rgement has been supp lanted i n  the m i nds of 

some by the term atria l  abnorma l it ies .  Th is  change in term ino logy 

reflects the recog n it ion that a va r iety of e lectr ica l abnorma l it ies can 

cause the changes on the E KG cha racter ist ica l ly associated with 

atr i a l  en l a rgement .  However, we wi l l  conti nue  to use the term atria l  

en l a rgement i n  t h i s  book, both because t h e  te rm is  more rooted 

in trad it ion (and trad it iona l  va l ues sti l l  matter  as we race head long 

through  the new m i l le n n i u m) and  beca use the vast majority of  cases 

of P wave changes a re due  to en l a rgement of the atr ia . 
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How the EKG Can Change 

Three things can happen to a wave on the EKG when a chamber 
hypertrophies or enlarges : 

1 .  The chamber can take longer to depolarize . The EKG wave may 
therefore increase in duration. 

2 .  The chamber can generate more current and thus a larger 
voltage. The wave may therefore increase in amplitude. 

3 .  A larger percentage of the total electrical current can move 
through the expanded chamber. The mean electrical vector, or 
what we call the electrical axis, of the EKG wave may therefore 
shift. 

Because the concept of axis is so important for diagnosing 
hypertrophy and enlargement, we need to digress for just a moment 
to elaborate on this idea. 

a m p  I itude 1 ___ µ_J__. ____ _ 

A 1.--.1 
d u ration 

am pHtudeT I 

B I� 
d u rat ion 

(A) A norm a l  wave . (B) The same wave when the chamber  has  
en l a rged or  hypertroph i ed .  The a m p l itude and  d u rat ion of the wave 
h ave i ncreased . A th i rd a lterat ion ,  a sh ift in the e l ectr i ca l  ax is ,  is 
d i scussed in the fo l lowi n g  pages .  
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Axis 65 

Earlier, we discussed how the EKG records the instantaneous vector 
of electrical forces at any given moment. Using this idea, we can 
represent the complete depolarization (or repolarization) of a chamber 
by drawing a series of sequential vectors , each vector representing the 
sum of all the electrical forces at a given moment. 

Because it is easier to visualize, let's first look at ventricular 
depolarization (the QRS complex) before turning to atrial 
depolarization (the P wave) and ventricular repolarization (the T wave) . 

, , •, 
' 1 \ o� r 
�YJ . . 

Ventricu la r  depola rization is represented by e ight seq uent ia l  i n stantaneous 
vectors, i l l ustrating how the e lectrica l forces norma l ly move prog ress ively 
leftward . Although ,  for the sake of c la rity, we have shown only e ight  
i nstantaneous vectors, we could just as wel l  have shown 1 8  or 8,000 . 

The first vector represents septal depolarization, and each successive 
vector represents progressive depolarization of the ventricles. The 
vectors swing progressively leftward because the electrical activity of 
the much larger left ventricle increasingly dominates the EKG.  

The average vector of  all of  the instantaneous vectors i s  called the 
mean vector. 

The direction of the mean vector is called the mean electrical axis. 

A s i ng l e  vector s u m m a rizes a l l  of the i n stanta neous vecto rs . Th i s  
s u m mat ion vector i s  ca l l ed the mean vector, a n d  i ts d i rect ion i s  the ax is 
of ventr i cu l a r  depo la r izat i on .  Ax i s  i s  def i ned in the fronta l p l ane  on ly .  
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The mean QRS vector points leftward and inferiorly, 
representing the average direction of current flow during ventricular 
depolarization. The normal QRS axis-the direction of this mean 
vector-thus lies between +90° and 0° .  (Actually, most cardiologists 
extend the range of normal from +90° to -30° .  In time, as you 
become more comfortable with the concept of axis ,  you should add 
this refinement to your electrical analysis, but for now +90° to 0° is 
satisfactory.) 

-90° 

+90° 

If the QRS axis l i es with i n  the shaded quad ra nt, between 0° and 90°,  i t  
is  norm a l .  

We can quickly determine whether the QRS axis on any EKG is 
normal by looking only at leads I and a VF. If the QRS complex is 
positive in leads I and a VF, the QRS axis must be normal. 

Why is this ? 



Determining Whether the QRS Axis Is Normal 

Axis 67 

We know that any lead will record a positive deflection if the wave of 
depolarization is moving toward it. Lead I is oriented at 0°. Thus, if 
the mean QRS vector is directed anywhere between -90° and +90° ,  
lead I will record a predominantly positive QRS complex. 

1 80° 

-90° !..A_ 

+90° 

Any mean Q RS vecto r or iented between -90° and +90° wi l l  p roduce 
a p redo m i n a ntly pos it ive QRS comp lex i n  lead I .  Th ree d ifferent QRS 
mean vectors a re shown . A l l  th ree a re or iented between -90°  and  
+90°; hence,  they w i l l  a l l  p roduce a p redom inant ly pos itive QRS  
com p l ex .  The  th ree QRS comp lexes dep icted he re i l l ustrate what  lead 
I wou l d  record for each of the th ree vecto rs . 

Lead a VF is oriented at +90° .  If the mean QRS vector is directed 
anywhere between 0° and 1 80° ,  lead a VF will record a predominantly 
positive QRS complex. 

-90° 

+90° 
lead aVF 

� 
Any mean QRS vector or i ented between 0° and  1 80° wi l l  produce a 
p redom inantly positive QRS comp lex i n  lead aVF.  Th ree d ifferent mean 
QRS vectors a re shown , a l l  o r iented so that lead aVF w i l l  record a 
p redom inantly positive def lect ion as i l l u strated .  
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If the QRS complex is predominantly positive in both lead I and 
lead a VF, then the QRS axis must lie in the quadrant where both are 
positive, that is, between 0° and +90° .  This is the normal QRS axis. 

Another way to look at this is to take the converse approach: if the 
QRS complex in either lead I or lead a VF is not predominantly 
positive, then the QRS axis does not lie between 0° and +90°, and 
it is not normal. 

A 

1 80° 

B 

2 

3 

4 

5 
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-90° 

0° lead I 

+90° 

lead aVF 

Lead I Lead aVF 

_fl_ --'\r-
_J\__ _J\__ 

� _fl_ 
---v-- __J\__ 

---v ---v 
_J\__ ---v 

S ix  d ifferent Q RS axes a re shown (A) . O n ly a n  ax is d i rected between 
0° and +90° (shaded quadrant) wi l l  p roduce a p redom inant ly pos it ive 
QRS comp lex in both lead I and lead aVF. (B) The QRS com p l exes in 
leads I and aVF associated with each of the s ix axes a re shown . O n ly 
ax is 2 is norma l  and  associated with a p red o m i na ntly posit ive QRS 
com p lex i n  both  l eads ,  a l though  m ost ca rd io log i sts wou l d  cons ider  ax is 
1 and ax is 3 to be norma l  as  we l l .  



Defining the Axis Precisely 

Axis 69 

Although it is usually sufficient to note whether the axis is normal or 
not, it is possible to be more rigorous and to define the actual angle 
of the axis with fair precision.  All you need to do is look for the limb 
lead in which the QRS complex is most nearly biphasic, that is, with 
equal positive and negative deflections (sometimes the deflections 
are so small that the wave appears flat, or isoelectric) . The axis must 
then be oriented approximately perpendicular to this lead because an 
electrode oriented perpendicularly to the mean direction of current 
flow records a biphasic wave. 

Thus, for example, if the Q RS complex in lead III (orientation, + 1 20°) 
is biphasic, then the axis must be oriented at right angles (90°) to this 
lead, at either + 30° or - 1 50°. And, if we already know that the axis is 
normal-that is, if the QRS complex is positive in leads I and aVF­
then the axis cannot be - 1 50°, but must be +30°. 

1 80° 

+ 1 20° �ad I l l  

-90° 

lead l __A_ 

+90° 

lead aVF 

_f\_ 
QRS com p l exes a re shown for leads I, I l l ,  and  aVF. Determ i n i n g  the ax is 
i s  easy.  The QRS comp lex i n  lead I l l  i s  b i phas ic .  The axis therefore m u st 
be e i ther  +30° or - 1 50° .  H owever, because the QRS com p lex is positive 
in both leads I and  aVF, the axis m u st be norm a l ;  that is ,  it must l i e  
with i n  the shaded quadrant .  The ax i s  therefore can o n ly be +30° .  
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Axis Devia tion: Getting More Specific 
About Defining Abnormal Axes 

The normal QRS axis is between 0° and 90° .  If the axis lies between 
90° and 1 80°, we speak of right axis deviation. Will the QRS complex 
in leads I and a VF be positive or negative in a patient with right axis 
deviation? 

The QRS complex in lead a VF will still be positive, but it will be 
negative in lead I . 

1 80° 

-90° 

+90° 

lead aVF _A_ 

0° lead l v-

R ight  ax is  deviat io n .  The QRS com p lex is negat ive i n  lead I, whereas it 
i s  pos it ive in aVF. 
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If the axis lies between 0° and -90° ,  we speak of left axis deviation. 
In this case, the QRS complex in lead I will be positive, but it will be 
negative in lead a VF. 

1 80° 

-90° 

+90° 
lead aVF 

T 
Left ax is dev iat ion . 

l ead I 
oo _[\_ 

In rare instances, the axis becomes totally disoriented and lies 
between -90° and 1 80° .  This is called extreme right axis deviation. The 
QRS complex in both lead a VF and lead I will be negative. 

1 80° 

-90° 

+90° 
lead aVF 

T 

oo 

lead I 

The axis of extreme r ight axis 
deviat ion is  somet imes ca l l ed a 
super ior axis or a northwest axis 

Extreme r ight  ax is deviat io n .  
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Axis  

1 .  The term axis refers to the direction of the mean electrical 
vector, representing the average direction of current flow. It is 
defined in the frontal plane only. 

2 .  To determine the axis ,  find the lead in which the QRS complex 
is most nearly biphasic. The QRS axis must lie approximately 
perpendicular to the axis .  

3 .  A quick estimate of the axis can be made by looking at leads 
I and aVF : 

Axis Lead I Lead a VF 

Normal axis Positive Positive 

Left axis deviation Positive Negative 

Right axis deviation Negative Positive 

Extreme right axis deviation Negative Negative 

- 90 ° 

\) ___fl.__ 
extreme left 

a VF -v- right axis axis 
a VF deviation deviation Ir-

1 80° oo 
right normal 
axis axis 

deviation ___fl_ -....r-
a VF ___/\__ __/\._ a VF 

+ 9QO  



Axis 73 

On the EKG below, the waves recorded by the six leads of the 
frontal plane are shown. Is the QRS axis normal, or is there axis 
deviation? 

1 1 1 1 1•111 1 1 
aVR 

aVL 

I I  

I l l  a VF 

This patient has left axis deviation; the QRS complex is 
predominantly positive in lead I and negative in lead a VF. 

Now, can you define the axis more precisely by finding the lead 
with a biphasic QRS complex? 

The QRS complex in lead aVR is approximately biphasic; 
therefore, the electrical axis must lie nearly perpendicular to it, that 
is, at either -60° or + 1 20° .  Because we already know that the axis falls 
within the zone of left axis deviation (i. e. , between 0° and -90°) , the 
correct axis must be -60° .  
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Just as we have done for the QRS complex, so we can define an axis 
for the P wave and T wave on every EKG.  The normal P wave axis 
lies approximately between 0° and 70° in adults (between 0° and 90° 
in children) . The T wave axis is variable, but it should approximate 
the QRS axis ,  lying within 50° to 60° of the QRS axis. 

Can you identify the axis of the QRS complex, P wave, and T wave 
on the following EKG? 

aVR 

I I  aVL 

I l l  a VF 

(A) The QRS ax is i s  a bout 0° .  It is  near ly b i phas ic  i n  aVF,  i m p ly i ng  an 
ax is  of 0° or  1 80° .  Because the Q RS comp lex i n  lead I has  a ta l l  R wave, 
the axis m u st be 0°. (B) Lead aVL i s  nea r ly isoe l ectr ic  for the P wave, 
so the P wave axis m u st be e i ther  60° or  - 1 20° .  S i nce the P wave is 
positive i n  leads I and aVF, the ax is m u st be 60° .  (C) Al l  of the leads 
with ta l l  R waves have posit ive T waves . The T waves a re f lat i n  lead 
I l l ,  i n d i cati n g  a n  ax is perpend icu l a r  to lead I l l  (e i ther + 30° o r  - 1 50°) .  
Beca use there i s  a ta l l  T wave i n  lead I ,  the axis m u st be about +30° .  



Axis Deviation, Hypertrophy, and Enlargement � 
Axis Deviation, Hypertrophy, 
and Enlargement 

Why does axis deviation have anything to do with hypertrophy 
and enlargement? Because the concept of axis deviation is most 
successfully applied to ventricular hypertrophy, let's consider what 
happens to the flow of electricity when a ventricle hypertrophies . 

In the normal heart, the QRS axis lies between 0° and +90°, 
reflecting the electrical dominance of the much larger left ventricle over 
the right ventricle. Imagine, now, a 65-year-old man who has allowed 
his hypertension to go untreated for many years. He comes to see 
you for headaches and shortness of breath, and you discover a greatly 
elevated blood pressure of 1 90/ 1 1 5 mm Hg. This sustained and severe 
hypertension has forced the left ventricle to work too hard for too 
long, and it has hypertrophied. Its electrical dominance over the right 
ventricle has therefore become even more profound. The mean electrical 
vector is drawn even further leftward, and the result is left axis deviation. 

-90° 

+90° 

With l eft ventr icu l a r  hypertrop hy, the e lectri ca l ax is moves further  
leftward, resu l t i ng  i n  l eft ax i s  deviat io n .  
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Right ventricular hypertrophy is far less common and requires 
a huge change in the proportions of the right ventricle in order to 
overcome the electrical forces generated by the normally dominant 
left ventricle. It can occur, however, in patients with chronic 
obstructive pulmonary disease sufficiently severe to cause pulmonary 
artery hypertension or in patients with uncorrected congenital heart 
disease associated with profound volume or pressure overload of the 
right ventricle . If the right ventricle greatly hypertrophies, it can be 
detected on the EKG as a shift in the QRS axis . The mean electrical 
axis of current flow is drawn rightward, and the result is right axis 
deviation. 

-90° 

oo 

+90° 

With r ight  ventr i cu l a r  hypertrophy, the e lectr ica l  ax is m oves r ig htwa rd , 
resu l t i ng  i n  r ight  axis deviat ion . 
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This is a good time to restate the three things that can happen to a 

wave on the EKG with enlargement or hypertrophy: 

1 .  The wave ca n i n crease in d u rat ion . 

2 .  The wave ca n i n crease i n  a m p l itude .  

3 .  The e lectrica l axis of  the  wave can deviate from norma l .  

Specific EKG criteria for  the diagnosis of  atrial enlargement and 
ventricular hypertrophy have been devised, and these are discussed in 
the following pages . 
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A 

A trial Enlargement 

The normal P wave is less than 0 . 1 2  second in duration, and the 
largest deflection, whether positive or negative, should not exceed 
2 . 5  mm. The first part of the P wave represents right atrial 
depolarization and the second part left atrial depolarization. 

Virtually all of the information you need to assess atrial 
enlargement can be found in leads II and Vl . Lead II is useful 
because it is oriented nearly parallel to the flow of current through the 
atria (i. e. , parallel to the mean P wave vector) . It therefore records the 
largest positive deflection and is very sensitive to any perturbations 
in atrial depolarization. Lead Vl is useful because it is oriented 
perpendicularly to the flow of electricity and is therefore biphasic, 
allowing easy separation of the right and left atrial components . 

B 
. -

. 

l e a d  I I  

• I 

.. 

. 
. 

r i g ht atr i a l  left atr i a l  
co m po n e nt co m ponent 

. 
. 

l e a d  VI  

· . 

r i g ht atr i a l  l eft atr i a l  
co m po n e n t  co m ponent 

(A) Normal  atr i a l  depo la r izat i on .  (B) The normal  P wave i n  leads I I  and V 1 . The 
f i rst part of the P wave represents r ight  atr i a l  depo la r izat ion ,  and  the second part 
represents left atr i a l  depo la r izat io n .  
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Right Atrial Enlargement 

With right atrial enlargement, the amplitude of the first portion of the 
P wave increases. The width does not change because the terminal 
component of the P wave is left atrial in origin, and this remains 
unchanged. 

Enlargement of the right atrium may also cause the right 
atrium to dominate the left atrium electrically. The vector of atrial 
depolarization may swing rightward, and the P wave axis may move 
rightward toward or even beyond +90° .  The tallest P wave may 
therefore no longer appear in lead II ,  but in lead a VF or lead III .  

The classic picture of right atrial enlargement is illustrated in leads 
II and VI , below, and has been called P pulmonale because it is often 
caused by severe lung disease. 

l ead I I  lead I I  

" 
/\ \ 

l ead VI lead VI 

r\ 
I I 

u J 

A B 

(A) The norma l  P wave i n  leads I I  a n d  V 1 . (B) R ight  atr i a l  en l a rgement .  
Note the i ncreased a m p l itude of the ea rly, r i ght  atr i a l  com ponent of  
the P wave . The term i n a l  l eft atr ia l  com ponent, and  hence the overa l l  
d u rat ion o f  t h e  P wave, a re essent ia l ly unchanged . 

Right atrial enlargement is diagnosed by the presence of P waves with 
an amplitude exceeding 2 . 5  mm in the inferior leads II, III, and a VF. 
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Left Atrial Enlargement 

With left atrial enlargement, the second portion of the P wave may 
increase in amplitude . The diagnosis of left atrial enlargement 
requires that the terminal (left atrial) portion of the P wave should 
drop more than 1 mm below the isoelectric line in lead VI . 

However, a more prominent change in the P wave is an increase in 
its duration .  This occurs because left atrial depolarization represents 
the terminal portion of the P wave, and prolonged depolarization 
can be readily seen (with right atrial enlargement, prolonged 
depolarization of the right atrium is hidden by the left atrial portion 
of the P wave) . The diagnosis of left atrial enlargement, therefore, also 
requires that the terminal portion of the P wave should be at least 1 
small block (0 .04 second) in width. 

The electrocardiographic picture of left atrial enlargement has been 
called P mitrale because mitral valve disease is a common cause of left 
atrial enlargement. 

lead I I  lead I I  

/\ J\ ., ' � ' 

l ead VI lead VI 

n 
u "'" I/ 

"" 

A B 

(A) Aga i n ,  the norma l  P wave i n  leads I I  and  V 1 . (B) Left atr i a l  
en l a rgement .  Note t h e  i n creased a m p l i tude and  d u rat ion o f  the 
te rm i na l ,  l eft atr i a l  component  of the P wave . 
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Atr ial  E n l a rgement 

To diagnose a trial enlargemen t, look a t  leads II and V1 . 

Right atrial enlargement is characterized by the following: 

1 .  P waves with an amplitude exceeding 2 . 5  mm in the inferior 
leads 

2. No change in the duration of the P wave 

3 .  Possible right axis deviation of the P wave. 

Left atrial enlargement is characterized by the following: 

1 .  The amplitude of the terminal (negative) component of the P 
wave may be increased and must descend at least 1 mm below 
the isoelectric line in lead VI . 

2 .  The duration of the P wave is increased, and the terminal 
(negative) portion of the P wave must be at least 1 small block 
(0.04 second) in width. 

3 .  No significant axis deviation is seen because the left atrium is 
normally electrically dominant. 

It shou ld  be stressed aga in  that e lectrocard iograph i c  evidence of atr i a l  

en l a rgement (espec ia l ly left atria l  en l a rgement) often has no patho­

logic correlate and may in some cases merely reflect some nonspecif ic 

conduct ion abnorma l ity. Abnorma l it ies of the P wave axis can a lso 

be seen when the heart rhythm a rises from a sou rce other than the 

s inus node, someth i ng  we sha l l  d iscuss later .  I nterpretat ion of atr ia l  

en l a rgement on t h e  EKG m ust therefore b e  tem pered b y  knowledge 

of the c l i n ica l  sett ing (a good idea i n  any c i rcumstance ! ) . 
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I l l  

aVL 

Ventricular Hypertrophy 

The diagnosis of ventricular hypertrophy requires a careful assessment 
of the QRS complex in many leads . 

Right Ven tricular  Hypertrophy 

Looking at the Limb Leads 

In the limb leads, the most common feature associated with right 
ventricular hypertrophy is right axis deviation; that is, the electrical 
axis of the QRS complex, normally between 0° and +90° ,  veers off 
between +90° and + 1 80° .  This reflects the new electrical dominance 
of the usually electrically submissive right ventricle. 

Many cardiologists feel that the QRS axis must exceed + 1 00° 
in order to make the diagnosis of right ventricular hypertrophy. 
Therefore, the QRS complex in lead I (oriented at 0°) must be more 
negative than positive. 

aVR 

a VF 

-90° 

1 80° 0° � 

+90° 

_[\_ 
l ead aVF 

Right ventr icu l a r  hypertrophy sh ifts the 
ax is of the QRS com p l ex to the r ig ht .  The 
E KG traci ngs  conf i rm r ight  ax is deviat ion . 
I n  add it ion ,  the QRS com p lex i n  lead I i s  
s l i g ht ly negative, a cr iter ion that many be l i eve 
is essent ia l  for proper ly esta b l i s h i n g  the 
d i ag nos is  of r ight  ventr i cu l a r  hypertrophy .  

l ead I 



Ventricular Hypertrophy � 
Looking a t  the Precordial Leads 

The precordial leads can also be helpful in diagnosing right 
ventricular hypertrophy. As you might expect, the normal pattern 
of R wave progression, whereby the R wave amplitude enlarges as 
you proceed from lead VI to VS , is disrupted. Instead of the R wave 
amplitude increasing as the leads move closer to the left ventricle, the 
reverse may occur. There may be a large R wave in lead VI , which lies 
over the hypertrophied right ventricle, and a small R wave in leads VS 
and V6, which lies over the normal, but now electrically humble, left 
ventricle. Similarly, the S wave in lead VI is small, whereas the S wave 
in lead V 6 is large. 

These criteria have been expressed in the simplest possible 
mathematics : 

• In lead VI , the R wave is larger than the S wave. 

• In lead V6, the S wave is larger than the R wave. 

V1  V2 V3 

V4 vs V6 

I n  lead V 1 , the R wave i s  l a rger  than  the S wave . I n  lead V6, the 
S wave i s  l a rger  than  the R wave . 

The most common causes of right ventricular hypertrophy are 
pulmonary disease and congenital heart disease. 
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Left Ventricular Hypertrophy 

The diagnosis of left ventricular hypertrophy is somewhat more 
complicated. Left axis deviation beyond - 1 5 ° is often seen, but by and 
large this is not a very useful diagnostic feature. Instead, increased R 
wave amplitude in those leads overlying the left ventricle forms 
the basis for the EKG diagnosis of left ventricular hypertrophy. 

Unfortunately, there are almost as many criteria for diagnosing left 
ventricular hypertrophy on the EKG as there are books about EKGs. 
Nevertheless ,  all the criteria reflect a common theme: there should 
be increased R wave amplitude in leads overlying the left ventricle 
and increased S wave amplitude in leads overlying the right 
ventricle. The various criteria vary in their sensitivity and specificity. 
Those listed here are not the only ones, but they will serve you well. 

Looking a t  the Precordial Leads 

In general, the precordial leads are more sensitive than the limb leads 
for the diagnosis of left ventricular hypertrophy. The most useful 
criteria in the precordial leads are as follows : 

1 .  The R wave amplitude in lead V5 or V6 plus the S wave 
amplitude in lead Vl or V2 exceeds 35  mm. 

2 .  The R wave amplitude in lead V5 exceeds 26 mm. 

3 .  The R wave amplitude in lead V6 exceeds 1 8  mm. 

4 .  The R wave amplitude in lead V6 exceeds the R wave 
amplitude in lead V5 . 

The more criteria that are positive, the greater the likelihood that the 
patient has left ventricular hypertrophy. 

It is, sadly, worth your while to memorize all of these criteria, but 
if you want to be selective, choose the first because it probably has the 
best predictive value. 

Note: These cr iter ia a re of l i tt l e  va l u e  in i n d ivi d u a l s younge r  than  

35  yea rs of  age ,  who freq uent ly have i ncreased voltage d ue,  i n  

many cases, to  a re l at ively th i n  chest wa l l .  They a re part icu la r ly 

u n re l i ab l e  in you n g  c h i l d re n .  
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V1 V2 

V3 V4 

V5 V6 

Left ventr icu l a r  hypertrophy i n  the p record i a l  leads .  Th ree of the fou r  
cr iter ia a re met:  t h e  R wave a m p l itude i n  VS p l u s  t h e  S wave a m p l itude 
i n  V 1  exceeds 3S mm, the R wave a m p l i tude i n  V6 exceeds 1 8  m m ,  
and  t h e  R wave a m p l i tude i n  lead V 6  s l i g ht ly exceeds t h e  R wave 
a m p l itude in lead VS .  The o n ly cr iter ion not met i s  for the R wave i n  
lead VS t o  exceed 2 6  m m .  
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Looking a t  the Limb Leads 

The most useful criteria in the limb leads are as follows : 

1 .  The R wave amplitude in lead aVL exceeds 1 3  mm. 

2 .  The R wave amplitude in lead a VF exceeds 21 mm. 

3 .  The R wave amplitude in lead I exceeds 14 mm. 

4 .  The R wave amplitude in lead I plus the S wave amplitude in 
lead III exceeds 25 mm. 

Again, if you aspire to electrocardiographic nirvana, learn them all . If 
you must pick one, pick the first. However, although it has excellent 
specificity for left ventricular hypertrophy, it is not very sensitive. 

aVR 

I I  aVL 

I l l  

Left ventr i cu l a r  hypertrophy i n  t h e  l i m b  leads .  C r iter ia 1 ,  3 ,  a n d  4 a re 
met; o n ly cr i ter ion 2 ,  rega rd i n g  the R wave a m p l i tude i n  lead aVF, i s  
not met .  
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Ventricular Hypertrophy � 
The leading causes of left ventricular hypertrophy are systemic 

hypertension and valvular disease. 
You may have noticed that, in our discussion of ventricular 

hypertrophy, no comment has been made about the duration of 
the QRS complex. Both right and left ventricular hypertrophy may 
slightly prolong the QRS complex, but rarely beyond 0 . 1 second. 

When Both Ven tricles Are Hypertrophied 

What happens when both the right ventricle and left ventricle are 
hypertrophied? As you might expect, there may be a combination of 
features (e.g. , criteria for left ventricular hypertrophy in the precordial 
leads with right axis deviation in the limb leads) , but in most cases, 
the effects of the usually dominant left ventricle obscure those of the 
right ventricle. 

Is there ventricular hypertrophy in the tracing below? 

aVR V1 V4 

aVL V2 VS 

a VF V3 V6 

Yes. Th i s  pat ient has  aort ic  stenos is  and  has l eft ventr i cu l a r  hypertrophy on the 
EKG.  H e  meets the cr i ter ia  i n  both the preco rd i a l  and  l i m b  leads .  
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Secondary Repolarization Abnormalities 
of Ventricular Hypertrophy 

Something else may happen with hypertrophy of a ventricle that can 
dramatically alter the EKG, specifically the ST segment and the T 
wave. These changes are called secondary repolarization abnormalities 
and include the following: 

1 .  Down-sloping ST segment depression 

2. T wave inversion (i. e. , the T wave changes its axis so that it is 
no longer aligned with the QRS axis) . 

I ' 

-
.... � 

!"'II ... �- , 
"' j 

' I ' -
Note how the depressed ST seg ment and  the i nverted T wave appear  
to  b lend  together  to  form a s i ng le  asym metr ic wave . The downwa rd 
s lope is g radua l ;  the u pward s lope is ab rupt .  

Several theories have been advanced to explain the cause of these 
abnormalities, ranging from inadequate blood flow in the capillary 
beds of the subendocardium (the inner layer of the myocardium lying 
just beneath the endocardial lining of the ventricle) to an overlapping 
of depolarization and repolarization forces in the region of thickened 
muscle. No one knows for sure. Until recently, these changes were 
referred to as strain, but the implication that these changes necessarily 
reflect the straining of an overworked and hypoxic muscle has proven to 
be more simplistic than true, and the term should rightly be discarded. 

Repolarization abnormalities are not at all uncommon. They are 
most evident in those leads with tall R waves (reasonably so, because 
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these leads lie over, and most directly reflect, the electrical forces of 
the hypertrophied ventricle) . Thus, right ventricular repolarization 
abnormalities will be seen in leads VI and V2, and left ventricular 
repolarization abnormalities will be most evident in leads I, aVL, VS , 
and V6. Left ventricular secondary repolarization abnormalities are 
far more common than right ventricular abnormalities. 

Repolarization abnormalities usually accompany severe 
hypertrophy and may even herald the onset of ventricular dilatation. 
For example, a patient with aortic stenosis and no clinical symptoms 
may show a stable pattern of left ventricular hypertrophy for years . 
Eventually, however, the left ventricle may fail, and the patient will 
develop severe shortness of breath and other symptoms of congestive 
heart failure. The EKG may then show left ventricular hypertrophy 
with secondary repolarization abnormalities. This progression is 
illustrated in the two EKGs below. 

A 

-

' \. , 1 
' \. 

... � � ... � 
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' ' 
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lit. J . 
B 

(A) Lead aVL i n  a pat ient with aort ic  stenos i s  and  l eft ventr i cu l a r  
hypertrophy .  Note the ta l l  R wave, meet i ng  the cr iter ia fo r  left 
ventr icu l a r  hypertrophy .  The ST seg ment is f lat ,  and  the T wave i s  
u p r ight .  (B) One  yea r  later ,  the sa me lead shows the deve lopment  
of  seconda ry repo la r izat ion abnorma l it ies, ref lect i ng  the onset of  l eft 
ventr i cu l a r  fa i l u re .  The ST seg ment is depressed ,  and  the T wave i s  
i nverted . Note, too,  that the a m p l itude of the R wave has  i ncreased . 
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Ventricu l a r  Hypertrophy 

Right ventricular hypertrophy is characterized by the following: 

1 .  Right axis deviation is present, with the QRS axis exceeding + 1 00°. 

2 .  The R wave is larger than the S wave in Vl , whereas the S wave 
is larger than the R wave in V6. 

Left ventricular hypertrophy is characterized by voltage criteria and, not 
infrequently, secondary repolarization abnormalities. The two most 
useful voltage criteria are the following: 

1 .  The R wave in V5 or V6 plus the S wave in Vl or V2 exceeds 
35 mm. 

2 .  The R wave in aVL exceeds 13 mm. 

3. Left axis deviation exceeding - 1 5  ° is also present. 

Secondary repolarization abnormalities include asymmetric, T wave 
inversion and down-sloping ST segment depression. 

Although  the E KG pattern of left ventr icu l a r  hypertrophy is eas i ly 

recog n ized, it i s  p resent in on ly a bout 50% of patients whose echo­

ca rd iograms demonstrate a th ickened left ventr ic le .  The sens it iv ity 

of the E KG cr iter ia for left ventr icu la r  hypertrophy is thus  fa i r ly low. 

However, when the E KG pattern of left ventri cu l a r  hypertrophy does 

appear, there i s  a 90% l i ke l i hood that a th ickened ventr ic le wi l l  be 

seen on a n  echoca rd iogra m .  The specif ic ity of the E KG cr iter ia for left 

ventr icu l a r  hypertrophy is thus  q u ite h i g h .  
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Secondary Repolariza tion Abnormalities of Ventricular Hypertrophy � 

M i ld red W. ,  a 53-yea r-o ld  widow (her h usband d ied of cerebra l  a noxia i n ­
d uced by  h is futi l e  efforts to  memorize a l l  o f  the  E KG cr iter ia for left ventr ic­
u l a r  hypertrophy), comes to you r  offi ce for a routi ne checkup .  She is  new to 
you r  p ractice and has not seen a doctor s i nce her l ast ch i l d  was born, wh ich 
was more than 20  yea rs ago .  She has no specif ic com p la i nts other  than an 
occas iona l  s inus  headache .  Routi ne physica l exa m i nat ion is u n rema rka b le ,  
except that you fi nd  her  b lood pressu re i s  1 70/1 1 0  m m  Hg .  She  is  unawa re 
of be i ng  hypertens ive .  You wou ld  l i ke to know if her  hypertens ion is long­
stand i ng  or of  recent onset. You r  laboratory assessment i nc l udes measu re­
ment of seru m e lectro lytes, creati n i ne, and  b lood u rea n itrogen ;  u r i na lys is ;  
chest x-ray; and the E KG shown be low. Is  the EKG he lpfu l ?  

aVR Vl V4 

a VF V2 vs 

aVL V3 V6 

M i l d red's E KG is essenti a l ly norma l ,  which is not at a l l  su rpr is i ng .  Most 
patients with hypertens ion have norma l E KGs .  Nevertheless, had you found  
left ventricu la r  hypertrophy, with or without repola rization abnormal it ies, you 
wou ld  have had at least one p iece of evidence suggesti ng  that her hyper­
tens ion is long-stand i ng .  I n  th is  particu l a r  case, a ca rd iac echog ram cou ld  
be done to  exc lude hypertrophy, but it is certa i n ly not necessary i n  order to 
decide that M i ld red shou ld  be treated .  
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I l l  

Tom L .  i s  a 2 3 -yea r-o ld  ma rathon runne r .  Topp i ng  Heartbreak H i l l  at about  
the 20-m i le  m a rk of  the New York M a rathon ,  he  sudden ly turns  pa le ,  
c l utches h i s  chest, and d rops to the g ro u n d .  Another  ru n ner, a l though  on 
pace for  a persona l  best, stops to  he lp .  F i n d i n g  Tom pu lse less and  apne ic, 
he  beg i n s  ca rd i opu lmona ry resusc itat ion . The t ime ly  i ntervent ion proves 
l ifesavi n g .  Tom responds ,  a n d  moments later the fo l l owi ng  E KG is  taken as 
he is be i ng  rushed to the nea rest hosp ita l .  Why d i d  Tom col l apse? 

aVR V1 V4 

aVL V2 V5 

a VF V3 V6 

H i nt: If you get th i s ,  you a l ready know too m uch . 
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Tom L. co l l a psed beca use of a hypertroph i c  d i sease of h i s  heart m usc l e .  

A l ea d i n g  ca use o f  s udden  death i n  you n g ,  hea lthy ath l etes i s  hypertroph i c  

ca rd iomyopathy, o f  wh ich  one  va r iant  i s  hypertrophic  obstructive 

ca rd iomyopathy, or H O C M  (a l so ca l l ed id iopath i c  hypertroph i c  su baort ic  

stenos is ,  o r  I H SS) .  I n  th i s  genet ic d isorder,  d i sorgan ized pro l i ferat ion of 

m usc le fi bers i n  the i n te rventr icu l a r  septu m ca n cause s i gn if ica nt septa l 

hypertrophy .  The resu lta nt c l i n i ca l  repercuss ions ca n ra nge  from severe a n d  

l i fe th reate n i n g  t o  v i rtua l ly n o n e .  Death ca n resu l t  from ( 1 ) obstruct ion to 

l eft ventr icu l a r  outfl ow by the hypertroph ied m usc le ;  (2) i m pa i red fi l l i n g  of 

the stiff, hypertroph ied left ventr ic le d u r i n g  d iasto le ;  or (3) an abnorma l  

ventr icu l a r  rhythm (see the next chapter) . The c lass ic  featu res on  the 

rest i ng  E KG a re the fo l l owi n g :  

1 .  Ventr i cu l a r  hypertrophy 

2 .  Repo la r izat ion  abnorma l i t ies i n  those leads with the ta l lest R waves 

3 .  Q waves, of u n certa i n  etio logy, in the i nfe r ior  and  latera l l eads .  

A lthough  th i s  case was patent ly u nfa i r, you may have recogn ized some 

of  the featu res we have been ta l k i n g  a bout i n  th i s  cha pter, n a me ly, the 

p resence of cr iter ia  for l eft ventr i cu l a r  hypertrop hy, espec ia l ly i n  the 

p record i a l  leads .  Repo la r izat ion  abnorma l i t ies a re evident i n  a l l  the l eft 

latera l  leads ( I ,  aVL, VS ,  a n d  V6) .  Note, too, the deep Q waves i n  leads I I ,  

I l l ,  a n d  aVF, typ ica l  o f  t h i s  d i sorder .  

The t ime ly  i n te rvent ion of  h i s  fe l l ow runner  saved Tom 's l i fe . It tu rned out 

that Tom had exper ienced s i m i l a r, a l be i t  l ess severe, ep isodes i n  the past, 

cha racter ized by l i g ht-headed ness a n d  chest pa i n .  He was su bseq uent ly 

advised to avo id  strenuous  and com petit ive exercise (m i l d  to moderate 

aerob ic  act iv ity i s  f i ne), and  was p l aced on verapa m i l ,  a ca l c i um-cha n ne l  

b locker,  wh ich  p revented any recu rrence of h i s  sym ptoms .  Vera pa m i l  

red u ces t h e  stren gth o f  ventr icu l a r  contractio n ,  thereby decreas i n g  the 

obstruct ion from the hypertroph ied m u sc le ,  and i m p roves the comp l i ance 

of the stiffened ventr i c le .  Beta-blockers a re a l so used i n  th i s  cond i t ion ;  

they a l so l essen the r i sk for s i gn if icant ischem ia  and  may p revent  

a rrhyth m ias .  P lacement of  an  i m p l a nta b l e  ca rd i overte r-def i b r i l l ator ( ICD)  is  

a l so a strong  cons ideration . 





Arrhythmias 

In this chapter you will learn: 

J I what a n  a rrhyth m ia  i s ,  a nd  what it does (a nd  doesn 't) do to people 

2 I a bout  rhyth m str ips ,  Ho lter mon itors, a n d  event mon itors 

3 I how to determ i ne  the heart rate from the E KG 

4 I the five bas ic  types of a rrhyth m ias 

5 I how to recogn ize the fou r  com mon s i nu s  a r rhyth m ias 

6 I what an ectop ic  rhythm is ,  and the mecha n i sms of its format ion 

to ask The Fou r  Questions  that wi l l  l et you recogn ize and d i ag nose 7 I the common  ectop i c  a rrhyth m ias that or i g i nate in the atr ia ,  the 
atr ioventr i cu l a r  (AV) node ,  and the ventr ic les 

8 I how to d i st i n g u i sh  sup raventr i cu l a r  a rrhyth m ias from ventricu l a r  
a rrhyth m ias ,  both c l i n i ca l ly and  on the E KG 

9 I how Prog ram m ed E l ectr ica l St i m u lat ion and  othe r  tech n i q ues have 

revo l ut ion ized the d i ag nos is  a n d  treatment of certa i n  a rrhyth m ias 

1 0  about the cases of Lo la  deB . ,  George M . ,  a n d  Freder ick vanZ . ,  I which  w i l l  l eave you  fee l i n g  aston i shed by  how eas i ly  you have 

mastered mater i a l  that has  cowed the h i g h  a n d  m i g hty .  

9 5  I 



� 3 Arrhythmias 

The resting heart normally beats with a regular rhythm, 60 to 1 00 
times per minute . Because each beat originates with depolarization 
of the sinus node, the usual, everyday cardiac rhythm is called 
normal sinus rhythm. Anything else is called an arrhythmia (or, 
more accurately, a dysrhythmia, but let's stick to the conventional 
terminology in the discussion to follow) . The term arrhythmia 
refers to any disturbance in the rate, regularity, site of origin, or 
conduction of the cardiac electrical impulse. An arrhythmia can be a 
single aberrant beat (or even a prolonged pause between beats) or a 
sustained rhythm disturbance that can persist for the lifetime of the 
patient. 

Not every arrhythmia is abnormal or dangerous. For example, 
heart rates as low as 35 to 40 beats per minute are common and quite 
normal in well-trained athletes . Single abnormal beats , originating 
elsewhere in the heart than the sinus node, frequently occur in the 
majority of healthy individuals. 

Many arrhythmias, however, can be dangerous, and some require 
immediate therapy to prevent sudden death. The diagnosis of an 
arrhythmia is one of the most important things an EKG can do, and 
nothing yet has been found that can do it better. 



The Clinical Manifesta tions of Arrhythmias � 

The Clinical Manifestations of Arrhythmias 

When should you suspect that someone had or is having an 
arrhythmia? 

Many arrhythmias go unnoticed by the patient and are picked up 
incidentally on a routine physical examination or EKG. Frequently, 
however, arrhythmias elicit one of several characteristic symptoms. 

First and foremost are palpitations, an awareness of one's own 
heartbeat. Patients may describe intermittent accelerations or 
decelerations of their heartbeat, or a sustained rapid heartbeat that 
may be regular or irregular. The sensation may be no more than a 
mild nuisance or a truly terrifying experience. 

More serious are symptoms of decreased cardiac output, which can 
occur when the arrhythmia compromises cardiac function.  Among 
these are light-headedness and syncope (a sudden faint) . 

Rapid arrhythmias can increase the oxygen demands of the 
myocardium and cause angina (chest pain) . The sudden onset of 
an arrhythmia in a patient with underlying cardiac disease can also 
precipitate congestive heart failure. 

Sometimes, the first clinical manifestation of an arrhythmia is 
sudden death. Patients in the throes of an acute myocardial infarction 
are at a greatly increased risk for arrhythmic sudden death, which is 
why they are hospitalized in cardiac care units (CCUs) where their 
heart rate and rhythm can be continuously monitored. 

Increasingly, the EKG has become helpful in identifying conditions 
that predispose to malignant arrhythmias and sudden death and 
thereby allow the initiation of lifesaving intervention before the 
catastrophic event. These conditions can be inherited or acquired. 
Most common among these are repolarization abnormalities that 
prolong the QT interval, a dangerous substrate for potentially lethal 
arrhythmias (more on this later) . 
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Why Arrhythmias Happen 

It is often impossible to identify the underlying cause of an 
arrhythmia, but a careful search for treatable precipitating factors 
must always be made. The mnemonic, HIS DEBS,  should help you 
remember those arrhythmogenic factors that should be considered 
whenever you encounter a patient with an arrhythmia. 

H-Hypoxia: A myocardium deprived of oxygen is an irritable 
myocardium. Pulmonary disorders, whether severe chronic lung 
disease or an acute pulmonary embolus, are major precipitants of 
cardiac arrhythmias .  

1-Ischemia and Irritability: We have already mentioned that 
myocardial infarctions are a common setting for arrhythmias . 
Angina, even without the actual death of myocardial cells 
associated with infarction, is also a major precipitant. Occasionally, 
myocarditis , an inflammation of the heart muscle often caused by 
routine viral infections, can induce an arrhythmia. 

S-Sympathetic Stimulation: Enhanced sympathetic tone from any 
cause (e.g. , hyperthyroidism, congestive heart failure, nervousness, 
exercise) can elicit arrhythmias . 

D-Drugs: Many drugs can cause arrhythmias .  Ironically, the 
antiarrhythmic drugs themselves, such as quinidine, are among the 
leading culprits . 

E-Electrolyte Disturbances: Hypokalemia is notorious for its 
ability to induce arrhythmias, but imbalances of calcium and 
magnesium can also be responsible. 

B-Bradycardia: A very slow heart rate seems to predispose to 
arrhythmias . One could include the bradytachycardia syndrome 
(also called the sick sinus syndrome) in this category. 

S-Stretch: Enlargement and hypertrophy of the atria and 
ventricles can produce arrhythmias . This is one way in which 
congestive heart failure and valvular disease can cause arrhythmias . 



Rhythm Strips � 

Rhythm Strips 

In order to identify an arrhythmia correctly, it is often necessary 
to view the heart rhythm over a much longer period of time than 
the few complexes present on the standard 1 2-lead EKG.  When an 
arrhythmia is suspected, either clinically or electrocardiographically, 
it is standard practice to run a rhythm strip, a long tracing of a single 
lead or multiple leads . Any lead can be chosen, but it obviously makes 
sense to choose the lead that provides you with the most information. 
The rhythm strip makes it much easier to identify any irregularities or 
intermittent bursts of unusual electrical activity. 

A typ ica l  rhyth m str i p .  It can be as short or  as  long as you need to dec i pher  
the rhyth m .  Th i s  part icu l a r  str i p  rep resents a cont i n uous  record i ng  of  l ead  I I  
i n  a pat ient with norma l  s i nu s  rhyth m ,  t h e  norma l  rhythm o f  t h e  heart .  
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Holter Monitors and Event Monitors 

The ultimate rhythm strip is provided by the Holter monitor, or 
ambulatory monitor. The Holter monitor is essentially a portable EKG 
machine with a memory. The patient wears it for 24 to 48 hours ,  and 
a complete record of the patient's heart rhythm is stored and later 
analyzed for any arrhythmic activity. The monitor can employ one or, 
more often, two leads (one precordial lead and one limb lead) . 

Holter monitoring is especially valuable when the suspected 
arrhythmia is an infrequent occurrence and is therefore unlikely to 
be captured on a random 1 2-lead EKG. Clearly, the longer one can 
monitor the patient, the better the chance that the arrhythmia will 
be detected. Further information can be obtained if the patient is 
instructed to write down the precise times when he or she experiences 
symptoms . The patient's diary can then be compared with the Holter 
recording to determine whether there is a correlation between the 
patient's symptoms and any underlying cardiac arrhythmia. 

Some rhythm disturbances or symptoms suspicious for arrhythmias 
happen so infrequently that even a Holter monitor is likely to miss 
them. For these patients, an event monitor may provide a solution. An 
event monitor records only 3 to 5 minutes of a rhythm strip, but it is 
initiated by the patient when he or she experiences palpitations . The 
resultant EKG recording is sent out over the phone lines for evaluation. 
In this manner, multiple recordings can be made over the course of the 
several months during which the patient has rented the monitor. 

Still other abnormal rhythms are so short-lived or infrequent that 
they are missed by any standard type of patient-activated mechanism. 
Two technologies are available for use in this situation. The first is a 
cell phone-based monitor that provides hospital-level telemetry in 
the ambulatory setting at home for up to 4 weeks . The second is a 
surgically implanted event recorder that is inserted under the skin 
of the patient with a small ( I -inch) incision. These event recorders 
can be safely left in place for over a year and can automatically 
record and store in their memory rapid or slow heart rates (the rates 
that trigger the recorder are programmable) . The patient can also 
activate the recorder whenever symptoms occur. The recorded data 
can be easily downloaded, typically every few months, by telemetry 
communication. 



Rhythm Strips � 
1 2 .5 mm/sec, 25.0 m m/mV _. = Activation point 

02:08:33 

02:08:43 

02:08:53 

02 :09:03 

02 :09 : 1 3  

02:09:23 

02:09:33 

02:09:43 

A su rg i ca l ly i m p la nted event mon itor record i n g  in a patient with syncope .  The sma l l  
vert ica l dashes mark  off i nterva ls  o f  1 second .  The  3 -second pause near  the bottom 
of the str i p  activates the mon itor, wh ich  then stores the EKG trac ing  from seve ra l 
m i n utes before to severa l m i n utes after the activat ion  po int .  The stored record i ng  
i s  t hen  down loaded and  pr i nted a t  a later t ime .  I n  th i s  pat ient, the long pause  was 
associated with a nea r-syncopa l  ep isode.  
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How to Determine the Heart Rate 
From the EKG 

The first step in determining the heart's rhythm is to determine the 
heart rate. It is easily calculated from the EKG.  

The horizontal axis on an EKG represents time. The distance 
between each light line (one small square or 1 mm) equals 
0 .04 seconds, and the distance between each heavy line (one large 
square or 5 mm) equals 0 .2  seconds . Five large squares therefore 
constitute 1 second. A cycle that repeats itself every five large squares 
represents 1 beat per second, or a heart rate of 60 beats per minute . 

Every QRS com p l ex is sepa rated by five l a rge sq ua res ( 1  second) .  A rhythm 
occurr i ng  once every secon d  occu rs 60 t imes eve ry m i n ute.  



How to Determine the Heart Rate From the EKG � 
A Simple Three-Step Method for Calcula ting the Heart Ra te 

1 .  Find an R wave that falls on, or nearly on, one of the heavy 
lines . 

2 .  Count the number of large squares until the next R wave. 

3 .  Determine the rate in beats per minute as follows : 

• If there is one large square between successive R waves, then 
each R wave is separated by 0 .2  seconds . Therefore, over 
the course of 1 full second, there will be 5 cycles of cardiac 
activity ( 1  second divided by 0 .2  seconds) , and over 1 minute, 
300 cycles (5 x 60 seconds) . The heart rate is therefore 300 
beats per minute. 

• If there are two large squares between successive R waves ,  
then each R wave is separated by 0 .4 seconds . Therefore, over 
the course of 1 full second, there will be 2 . 5  cycles of cardiac 
activity ( 1  second divided by 0 .4 seconds) , and over 1 minute, 
1 50 cycles (2 . 5  x 60 seconds) . The heart rate is therefore 1 50 
beats per minute. 

By similar logic: 

• Three large squares = 1 00 beats per minute 

• Four large squares = 75 beats per minute 

• Five large squares = 60 beats per minute 

• Six large squares = 50 beats per minute 

Notice that you can get the same answers by dividing 300 by the 
number of large squares between R waves (e.g. , 300 divided by 
4 squares = 75) . Even greater accuracy can be achieved by counting 
the total number of small squares between R waves and dividing 
1 , 500 by this total . 
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What is the heart rate of the following strips?  

A B 

c 

. .  
��· 

(A) About 7 5  beats per m i n ute; (B) about  60 beats per  m i n ute; 
(C) a bout 1 50 beats per  m i n ute . 

If the second R wave falls between heavy lines, you can estimate 
that the rate falls between the two extremes on either side. 

What is the rate of the following strip? 

The R waves a re s l i g ht ly more than  fou r  sq ua res apa rt-let's say fou r  and  
one-q ua rter .  The  rate m ust therefore be between 60 and  7 5  beats pe r  
m i n ute . If you  guess 70 ,  you ' l l  be c lose .  Alternatively, d iv ide 300 by  fou r  a n d  
one-q ua rter and  g e t  70 . 6  beats p e r  m i n ute.  



How to Determine the Heart Rate From the EKG � 
If the heart rate is very slow, you can still use this system; simply 

divide 300 by the number of large squares between complexes to get 
your answer. However, there is another method that some prefer. 
Every EKG strip is marked at 3-second intervals , usually with a series 
of little lines (or slashes or dots) at the top or bottom of the strip . 
Count the number of cycles within two of these intervals (6 seconds) 
and multiply by 1 0  ( 1 0  x 6 seconds = 60 seconds) to get the heart 
rate in beats per minute. Try it both ways on the example below: 

There a re about f ive and  one-ha l f  cyc les with i n  two of the 3-second i n terva l s .  
The rate i s  therefore about  5 5  beats per  m i n ute.  
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The Five Basic Types of Arrhythmias 

Of all of the subjects in electrocardiography, none is guaranteed to 
cause more anxiety (and palpitations) than the study of arrhythmias . 
There is no reason for this . First, once you have learned to 
recognize the basic patterns, nothing is easier than recognizing a 
classic arrhythmia. Second, the difficult arrhythmias are difficult 
for everyone, including expert electrocardiographers . Sometimes, 
in fact, it is impossible to identify what a particular rhythm is. 
Nothing gladdens one's heart more than the sight of two venerable 
cardiologists going at it over an insoluble rhythm disturbance. 

The heart is capable of only five basic types of rhythm 
disturbances : 

1 .  The electrical activity follows the usual conduction pathways 
we have already outlined, but it is either too fast, too slow, or 
irregular. These are arrhythmias of sinus origin . 

2 .  The electrical activity originates from a focus other than the 
sinus node. These are called ectopic rhythms. 

3. The electrical activity is trapped within an electrical racetrack 
whose shape and boundaries are determined by various 
anatomic or electrical myocardial features. These are called 
reentrant arrhythmias. They can occur anywhere in the heart. 

4 .  The electrical activity originates in the sinus node and follows 
the usual pathways but encounters unexpected blocks and 
delays . These conduction blocks are discussed in Chapter 4 .  

5 .  The electrical activity follows accessory conduction pathways 
that bypass the normal ones, providing an electrical shortcut, 
or short circuit. These arrhythmias are termed preexcitation 
syndromes, and they are discussed in Chapter 5 .  



Arrhythmias of Sinus Origin � 

Arrhythmias of Sinus Origin 

Sinus Tachycardia and Sinus Bradycardia 

Normal sinus rhythm is the normal rhythm of the heart. 
Depolarization originates spontaneously within the sinus node. 
The rate is regular and between 60 and 1 00 beats per minute. If the 
rhythm speeds up beyond 1 00 ,  it is called sinus tachycardia; if it slows 
down below 60, it is called sinus bradycardia. 

Sinus tachycardia and sinus bradycardia can be normal or 
pathologic. Strenuous exercise, for example, can accelerate the heart 
rate well over 1 00 beats per minute, whereas resting heart rates below 
60 beats per minute are typical in well-conditioned athletes. On the 
other hand, alterations in the rate at which the sinus node fires can 
accompany significant heart disease. Sinus tachycardia can occur in 
patients with congestive heart failure or severe lung disease, or it can 
be the only presenting sign of hyperthyroidism. Sinus bradycardia is 
the most common rhythm disturbance seen in the early stages of an 
acute myocardial infarction; in otherwise healthy individuals, it can 
result from enhanced vagal tone and cause fainting. 

A 

B 
(A) S i n us tachyca rd i a .  Each beat is separated by two and one-ha l f  l a rge 
sq uares for a rate of 1 20 beats per m i n ute . (B) S i nus  bradyca rd i a .  More 
than seven la rge squares sepa rate each beat, and  the rate is 40 to 45 
beats per m i n ute.  
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Sin us Arrhythmia 

Often, the EKG will reveal a rhythm that appears in all respects to 
be normal sinus rhythm except that it is slightly irregular. This is 
called sinus arrhythmia. Most often, it is a normal phenomenon, 
reflecting the variation in heart rate that accompanies inspiration and 
expiration. Inspiration accelerates the heart rate, and expiration slows 
it down. 

I n h a l at ion Exha lat ion 

S inus  a rrhyth m i a .  The heart rate acce le rates with  i n sp i rat ion and  s lows 
with exp i ratio n .  

A beaut if u l  examp l e  o f  s i n u s  a rrhyth m i a .  Y o u  m a y  have a lso not iced 
the pro longed separat ion of each P wave from its ensu i ng  Q RS 
comp lex (i. e. ,  a pro longed PR i nterva l ) .  Th is  rep resents a cond uct ion 
de lay ca l led f i rst-degree atr ioventr i cu l a r  (AV) b lock ;  it i s  d iscussed in 
C hapter 4 .  



Arrhythmias of Sinus Origin � 
Sinus Arrest, Asystole, and Escape Bea ts 

Sinus arrest occurs when the sinus node stops firing. If nothing 
else were to happen, the EKG would show a flat line without any 
electrical activity, and the patient would die . Prolonged electrical 
inactivity is called asystole. 

Fortunately, virtually all myocardial cells have the ability to behave 
as pacemakers . Ordinarily, the fastest pacemaker drives the heart, and 
under normal circumstances, the fastest pacemaker is the sinus node. 
The sinus node overdrives the other pacemaker cells by delivering 
its wave of depolarization throughout the myocardium before 
its potential competitors can complete their own, more leisurely, 
spontaneous depolarization. With sinus arrest, however, these other 
pacemakers can spring into action in a kind of rescue mission.  These 
rescuing beats , originating outside the sinus node, are called escape 
beats. 

S i n us a rrest occu rs after the fou rth beat.  The f ifth beat, restor i ng  e lectr ica l  
activ ity to the heart, i s  a j u n ct iona l  esca pe beat (see the next page fo r fu rther  
exp la nat ion) .  Note the absence of a P wave before th i s  l ast beat .  
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Nonsin us Pacemakers 

Like the sinus node, which typically fires between 60 and 1 00 times 
each minute, the other potential pacemaker cells of the heart have 
their own intrinsic rhythm. Atrial pacemakers usually discharge at a 
rate of 60 to 75 beats per minute. Pacemaker cells located near the 
AV node, called junctional pacemakers, typically discharge at 40 to 
60 beats per minute. Ventricular pacemaker cells usually discharge at 
30 to 45 beats per minute. 

ju nctional pacemaker rate : 40-60 

ventricular pacemaker rate: 30-45 



Arrhythmias of Sinus Origin !� 
Each of these nonsinus pacemakers can rescue an inadequate sinus 

node by providing just one or a continual series of escape beats . Of 
all of the available escape mechanisms, junctional escape is by far the 
most common. 

With junctional escape, depolarization originates near the AV 
node, and the usual pattern of atrial depolarization does not occur. 
As a result, a normal P wave is not seen . Most often, there is no P 
wave at all . Occasionally, however, a retrograde P wave may be seen, 
representing atrial depolarization moving backward from the AV 
node into the atria. The mean electrical axis of this retrograde P wave 
is reversed 1 80° from that of the normal P wave. Thus, whereas the 
normal P wave is upright in lead II and inverted in lead AVR, the 
retrograde P wave is inverted in lead II and upright in lead AVR. 

J u nctiona l  escape .  The f i rst two beats a re norma l  s i n u s  beats with a norma l  
P wave preced i ng  each  QRS com p lex. There i s  then a l ong  pause fo l l owed 
by a ser ies of th ree j u nct iona l  esca pe beats occu rr i ng  at a rate of 40 to 45 
beats per m i n ute . Retrograde P waves can be seen bu r ied in the ear ly port ion  
of the T waves .  Retrograde P waves can occu r  before, after, or  d u r i n g  the 
QRS  com p l ex, depend i n g  on the relat ive t im i ng  of atr i a l  and  ventr icu l a r  
depo la r izat io n .  If atr i a l  and  ventr icu l a r  depo la r izat ion occu r  s i m u ltaneous ly, 
the m uch l a rger  QRS comp lexes w i l l  mask the retrograde P waves .  
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Sin us Arrest Versus Sin us Exit Block 

Because sinus node depolarization is not recorded on the EKG, it is 
impossible to determine whether a prolonged sinus pause is due to 
sinus arrest or to failure of the sinus depolarization to be transmitted 
out of the node and into the atria, a situation called sinus exit block. 
You may hear these different terms bandied about from time to time, 
but for all intents and purposes, sinus arrest and sinus exit block 
mean the same thing: there is a failure of the sinus mechanism to 
deliver its current into the surrounding tissue. 

(A) Norma l  s i nu s  rhyth m .  The s i nu s  node f i res repeatedly,  and waves 
of depo la r izat ion spread out i nto the atr i a .  (B) S i n us a rrest . The s i nus  
node  fa l l s  s i l en t .  No  cu rrent i s  generated, and  the EKG shows no 
e lectr ica l activity. (C) S i n us ex i t  b lock .  The s inus  node cont i n ues to f i re ,  
but  the wave of depo la r izat ion fa i l s  to ex it  the s i n u s  node i nto the 
atr i a l  myocard i u m .  Aga i n ,  the EKG shows no  e lectri ca l  act iv ity; there i s  
not suff ic ient voltage to  generate a detectab l e  P wave . 



Norma l  s i nus  rhythm 

S i nu s  tachyca rd ia  

S i nu s  bradyca rd i a  

S i nu s  a r rest or  exit b lock 

Arrhythmias of Sinus Origin � 

S i nu s  a r rest or exit b lock with j u nct iona l  escape 

Spec ia l  note for the e lectr ica l ly i nfatuated : there is a way i n  which tran­

s ient s inus arrest and s inus exit b lock can sometimes be d isti ngu ished 

on the EKG .  With s inus a rrest, resumption of s i nus e lectrica l activity 

occu rs at any random t ime (the s inus  node s imp ly resumes f i r ing) .  

However, with s inus exit b lock, the s inus node has contin ued to fi re 

s i lently, so when the block is l ifted,  the s inus node resumes depolar iz ing 

the atria after a pause that is some i nteger mu lt ip le of the norma l  cycle 

(exactly one m issed P wave, or exactly two m issed P waves, or more) . 
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Ectopic Rhythms 

Ectopic rhythms are abnormal rhythms that arise from elsewhere 
than the sinus node. In this way, they resemble escape beats , but here 
we are talking about sustained rhythms, not just one or a few beats . 
Ectopic rhythms can be caused by any of the precipitating factors 
described previously. 

At the cellular level, they arise from enhanced automaticity of a 
nonsinus node site, either a single focus or a roving one. As we have 
already stressed, the fastest pacemaker usually drives the heart, and 
under normal circumstances, the fastest pacemaker is the sinus node. 
Under abnormal circumstances, however, any of the other pacemakers 
scattered throughout the heart can be accelerated, that is, stimulated 
to depolarize faster and faster until they can overdrive the normal 
sinus mechanism and establish their own transient or sustained 
ectopic rhythm. Among the most common causes of enhanced 
automaticity are digitalis toxicity and beta-adrenergic stimulation 
from inhaler therapies used to treat asthma and chronic obstructive 
lung disease. We will see examples of ectopic rhythms in the pages to 
come. 

(A) Norma l ly, the s i nus  node d r ives the heart .  (B) If a n other  potent i a l  
pacemaker  (e.g. , t h e  A V  j u nct ion)  i s  acce le rated ,  it c a n  take over the 
heart and  overd rive the s i n us node .  
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Reentrant Rhythms 

The second major cause of nonsinus arrhythmias is called reentry. 
Whereas enhanced automaticity represents a disorder of impulse 
formation (i. e. , new impulses formed elsewhere than the sinus 
node take over the heart) , reentry represents a disorder of impulse 
transmission. The results, however, are similar: creation of a focus of 
abnormal electrical activity. Here is how reentry works : 

Picture a wave of depolarization arriving at two adjacent regions 
of myocardium, A and B, as shown in part 1 of the figure on the 
next page. A and B conduct the current at the same rate, and the 
wave of depolarization rushes past, unperturbed, on its way to new 
destinations. This is the way things usually operate. 

Suppose, however, that pathway B transmits the wave of 
depolarization more slowly than does pathway A. This can result, 
for example, if pathway B has been damaged by ischemic disease or 
fibrosis, or if the two pathways are receiving different degrees of input 
from the autonomic nervous system. This situation is depicted in 
part 2 of the figure . The wave of depolarization now rushes through 
pathway A but is held up in pathway B. The impulse emerging 
from pathway A can now return back through pathway B, setting 
up an uninterrupted revolving circuit along the two pathways (see 
figure, part 3) . As the electrical impulse spins in this loop, waves of 
depolarization are sent out in all directions. This is called a reentry 
loop, and it behaves like an electrical racetrack, providing a source of 
electrical activation that can overdrive the sinus mechanism and run 
the heart. 
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conduction has recovered 

A mode l  showi ng  h ow a reentrant c i rcu it  becomes estab l i shed .  
( 1 )  Norma l ly, pathways A and  B (any  two adjacent reg ions  of  ca rd iac  
funct ion)  conduct cu rrent equa l ly we l l .  (2) Here,  however, cond uction  
through pathway B is tem pora r i ly s lowed . C u rrent pass i ng  down A ca n 
then turn  back and  conduct i n  a retrograde fash ion  through B. (3) The 
reentry loop is esta b l i shed .  

A reentry loop can vary greatly in size. It can be limited to a small 
loop within a single anatomic site (e.g. , the AV node) , it can loop 
through an entire chamber (either an atrium or ventricle) , or it can 
even involve both an atrium and ventricle if there is an accessory 
pathway of conduction connecting the two chambers (this last point 
is made more obvious in Chapter 5 ) .  
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The Four Questions 

As you will see in just a moment, all of the clinically important 
nonsinus arrhythmias-the ones you have probably heard of-are 
either ectopic or reentrant in origin. It is therefore critical to be able 
to identify them, and you will spend the rest of this chapter learning 
exactly how to do that. This may sound like a tall order, but to assess 
any rhythm disturbance on the EKG you only need to answer four 
questions: 

Are Normal P Waves Present? The emphasis here is on the word 
normal. If the answer is yes, if there are normal-appearing P waves 
with a normal P wave axis, then the origin of the arrhythmia is almost 
certainly within the atria. If no P waves are present, then the rhythm 
must have originated below the atria, in the AV node or the ventricles. 
The presence of P waves with an abnormal axis may reflect retrograde 
activation of the atria from impulses originating below the sinus node 
from some other atrial focus or in the AV node or in the ventricles, 
that is, from current flowing backward into the atria through the AV 
node or through an accessory pathway (more on all of this later) . 
An abnormal P wave axis does not guarantee that the origin of the 
rhythm is located below the atria, whereas a normal P wave axis is 
pretty good assurance that the rhythm originates above the AV node. 

Are the QRS Complexes Narrow (Less Than 0. 12 Seconds in 
Duration) or Wide (Greater Than 0. 12 Seconds in Duration)? 
A narrow normal QRS complex implies that ventricular 
depolarization is proceeding along the usual pathways (AV node 
to His bundle to bundle branches to Purkinje cells) . This is the 
most efficient means of conduction, requiring the least amount of 
time, so the resulting QRS complex is of short duration (narrow) . 
A narrow QRS complex, therefore, indicates that the origin of the 
rhythm must be at or above the AV node. A wide QRS complex 
usually implies that the origin of ventricular depolarization is within 
the ventricles themselves. Depolarization is initiated within the 
ventricular myocardium, not the conduction system, and therefore 
spreads much more slowly. Conduction does not follow the most 
efficient pathway, and the QRS complex is of long duration (wide) . 
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(The distinction between wide and narrow QRS complexes, 
although very useful, cannot, unfortunately, be fully relied on to 
assess the origin of an arrhythmia. We'll see why shortly.) 

Questions 1 and 2 thus help to make the important 
distinction of whether an arrhythmia is ventricular or 
supraventricular (atrial or junctional) in origin. 

What Is the Relationship Between the P Waves and the QRS 
Complexes? If the P wave and QRS complexes correlate in the 
usual one-to-one fashion, with a single P wave preceding each 
QRS complex, then the rhythm almost certainly has a sinus or 
other atrial origin. Sometimes, however, the atria and ventricles 
depolarize and contract independently of each other. This will be 
manifested on the EKG by a lack of correlation between the P 
waves and QRS complexes, a situation termed A V  dissociation. 

Is the Rhythm Regular or Irregular? This is often the most 
immediately obvious characteristic of a particular rhythm and is 
sometimes the most critical . 

Whenever you look at an EKG, you will need to assess the rhythm. 
These four questions should become an intrinsic part of your 
thinking: 

1 .  Are normal P waves present? 

2. Are the QRS complexes narrow or wide? 

3 .  What is the relationship between the P waves and the QRS 
complexes? 

4 .  Is the rhythm regular or irregular? 
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For the normal EKG (normal sinus rhythm) , the answers are easy: 

1 .  Yes ,  there are normal P waves .  

2 .  The QRS complexes are narrow. 

3 .  There is one P wave for every QRS complex. 

4. The rhythm is essentially regular. 

We will now see what happens when the answers are different. 

Lead I 

The QRS com p lexes a re na rrow 
(< 0 . 1 2  seconds wide) 

t P waves a re present t 
The rhythm is regu l a r  

,_ 

Every QRS comp lex is  
preceded by 
one P wave 

n 
.. 

I 

t 
Norma l  s i nu s  rhythm and  "The Fou r  Quest ions " answered . 
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Supraventricular Arrhythmias 

Let us look first at the arrhythmias that originate in the atria or the 
AV node, the supraventricular arrhythmias. 

Atrial arrhythmias can consist of a single beat or a sustained 
rhythm disturbance lasting for a few seconds or many years . 

Atrial and Junctional Premature Bea ts 

Single ectopic supraventricular beats can originate in the atria or in 
the vicinity of the AV node. The former are called atrial premature 
beats (or premature atrial contractions) ; the latter, junctional 
premature beats. These are common phenomena, neither indicating 
underlying cardiac disease nor requiring treatment. They can, 
however, initiate more sustained arrhythmias . 

A 

B 
(A) The t h i rd beat is an atr i a l  prematu re beat.  Note h ow the P wave 
conto u r  of the premature beat d iffers from that of the norm a l  s i n u s  
beat .  (B) T h e  fou rth beat i s  a j u nct iona l  p rematu re beat. There i s  no 
P wave p reced i n g  the premature QRS comp lex.  
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An atrial premature beat can be distinguished from a normal sinus 

beat by the contour of the P wave and by the timing of the beat. 
Contour. Because an atrial premature beat originates at an atrial 

site distant from the sinus node, atrial depolarization does not occur 
in the usual manner, and the configuration of the resultant P wave 
differs from that of the sinus P waves .  If the site of origin of the 
atrial premature beat is far from the sinus node, the axis of the atrial 
premature beat will also differ from that of the normal P waves .  

Timing. An atrial premature beat comes too early; that i s ,  i t  
intrudes itself before the next anticipated sinus wave. 

The th i rd beat is an atr i a l  p rematu re beat. The P wave is sha ped 
d i fferent ly from the other, somewhat u n usua l - look i ng  P waves, 
and  the beat i s  c lea r ly premature .  
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A 

B 

With junctional premature beats , there is usually no visible P wave, 
but sometimes a retrograde P wave may be seen . This is just like the 
case with the junctional escape beats seen with sinus arrest. 

What is the difference between a junctional premature beat and 
a junctional escape beat? They look exactly alike, but the junctional 
premature beat occurs early, prematurely, interposing itself into the 
normal sinus rhythm. An escape beat occurs late, following a pause 
when the sinus node has failed to fire. 

(A) A j u nctiona l  p rematu re beat. The th i rd beat is obv ious ly p rematu re,  
and there i s  no P wave p reced i ng  the QRS com p lex. (B) The th i rd beat i s  a 
j u nctiona l  escape beat, estab l i s h i ng  a susta i ned j u nct iona l  rhyth m .  It looks 
j u st l i ke a j u nct iona l  p rematu re beat,  but it occu rs l ate, fo l l owing a pro longed 
pause, rather  than  p rematu re ly .  

Both atrial and junctional premature beats are usually conducted 
normally to the ventricles, and the resultant QRS complex is therefore 
narrow. 
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Someti mes a n  atria l  p rematu re beat may occur  suffi c ient ly ea rly that 

the AV node wi l l  not have recovered ( i . e . ,  repola rized) from the previ­

ous conducted beat and  wi l l  therefore be u nab le  to conduct the atria l  

prematu re beat i nto t h e  ventri c les .  T h e  ECG m a y  then show on ly a 

P wave without an  ensu i ng  QRS com p lex. Th is  beat is then termed a 

blocked atrial premature contraction. 

•11111111 1 1 11 
The fo u rth P wave is a b l ocked PAC. 

There are five types of sustained supraventricular arrhythmias that 
you must learn to recognize : 

1 .  Paroxysmal supraventricular tachycardia (PSVT) , sometimes 
also called AV nodal reentrant tachycardia 

2. Atrial flutter 

3. Atrial fibrillation 

4. Multifocal atrial tachycardia (MAT) 

5 .  Paroxysmal atrial tachycardia (PAT) , sometimes also called 
ectopic atrial tachycardia. 

Paroxysmal  Supra ven tricular Tachycardia 

PSVT is a very common arrhythmia. Its onset is sudden, usually 
initiated by a premature supraventricular beat (atrial or junctional) , 
and its termination is just as abrupt. It can occur in perfectly normal 
hearts; there may be no underlying cardiac disease at all .  Persons 
with PSVT typically present with palpitations, shortness of breath, 
dizziness and-rarely-syncope. Not uncommonly, alcohol, coffee, or 
just sheer excitement can elicit this rhythm disturbance. 
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PSVT is an absolutely regular rhythm, with a rate usually between 
1 50 and 250 beats per minute. There are several types of PSVT. The 
most common type is driven by a reentrant circuit looping within 
the AV node (hence it is often referred to as AV nodal reentrant 
tachycardia) .  Retrograde P waves may sometimes be seen in leads II 
or III ,  but your best chance would be to look in lead VI for what is 
called a pseudo-R' , a little blip in the QRS complex that represents 
the superimposed retrograde P wave. More often than not, however, 
the P waves are so buried in the QRS complexes that they cannot 
be identified with any confidence. As with most supraventricular 
arrhythmias, the QRS complex is usually narrow. 

Another type of PSVT occurs in patients with anomalous 
conduction pathways and is discussed in Chapter 5 .  
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A B 

c 
retrograd e  P wave 

D 

(A th rough  C) PSVT i n  th ree d i fferent pat ients .  A shows s i m u lta neous 
activat ion of the atr ia and ventr ic les; therefore, the retrog rade P waves 
a re l ost in the QRS com p l exes . 8 shows a sup raventr i cu l a r  tachyca rd i a  
m i m ick i ng  a more ser ious rhythm ca l l ed  ventr i cu l a r  tachyca rd i a  (VT) 
(see page 1 38) .  I n  C, retrograde P waves ca n be see n .  (O) A good 
examp l e  of the pseudo-R '  confi g u rat ion in lead V 1  represent i ng  the 
retrograde P waves (arrows) of PSVT. (£) The AV node i s  u sua l ly the s i te 
of the reentra nt c i rcu i t  that ca uses the a rrhyth m i a .  Atr i a l  depo la r izat ion 
therefore occu rs i n  reverse, and  i f  P waves can be seen ,  the i r  axis w i l l  
be sh ifted nea r ly 1 80° from n o r m a l  (retrograde P waves) . 
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Carotid Massage 

Massaging the carotid artery can help to diagnose and terminate an 
episode of PSVT. Baroreceptors that sense changes in the blood 
pressure are located at the angle of the jaw where the common carotid 
artery bifurcates . When the blood pressure rises, these baroreceptors 
cause reflex responses from the brain to be sent along the vagus nerve 
to the heart. Vagal input decreases the rate at which the sinus node 
fires and, more importantly, slows conduction through the A V  node. 

These carotid baroreceptors are not particularly shrewd, and they 
can be fooled into thinking that the blood pressure is rising by gentle 
pressure applied externally to the carotid artery. (For that matter, 
anything that raises the blood pressure, such as a Valsalva maneuver 
or squatting, will stimulate vagal input to the heart, but carotid 
massage is the simplest and most widely used maneuver.) Because, in 
most cases, the underlying mechanism of PSVT is a reentrant circuit 
involving the AV node, carotid massage may accomplish the following: 

• Interrupt the reentrant circuit and thereby terminate the arrhythmia 

• At the very least, slow the arrhythmia so that the presence or 
absence of P waves can be more easily determined and the 
arrhythmia diagnosed 

The carot id  s i nu s  conta i ns ba roreceptors that i n f l uence vaga l  i n put  to 
the heart, p r ima r i ly affect i ng  the s i nu s  node and  AV node .  St i m u lat ion 
of the r ight  carot id  ba roreceptors p r imar i ly st i m u lates s i n us node vaga l  
i n p ut, whereas sti m u lat ion o f  the left carotid ba roreceptors i s  more 
l i ke ly to affect the vaga l  i n put  to the AV node .  
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How to Do Carotid Massage 

Carotid massage must be done with great care. 

1 .  Auscultate for carotid bruits . You do not want to cut off the 
last remaining trickle of blood to the brain nor dislodge an 
atherosclerotic plaque. If there is evidence of significant carotid 
disease, do not perform carotid massage. 

2 .  With the patient lying flat, extend the neck and rotate the head 
slightly away from you. 

3 .  Palpate the carotid artery at the angle of the jaw and apply 
gentle pressure for 1 0  to 1 5  seconds . 

4 .  Never compress both carotid arteries simultaneously! 

5 .  Try the right carotid first because the rate of success is 
somewhat better on this side. If it fails, however, go ahead and 
try the left carotid next. 

6. Have a rhythm strip running during the entire procedure so 
that you can see what is happening. Always have equipment for 
resuscitation available; in rare instances, carotid massage may 
induce sinus arrest. 

carotid massage beg ins  

An ep isode o f  PSVT i s  b roken a l m ost at once b y  ca rotid massage .  T h e  new 
rhythm is a s i nu s  bradyca rd i a  with a rate of 50 beats per m i n ute . 

For pat ients with a n  acute ep i sode of PSVT that does not respond 

to ca rot id  massage o r  other  vaga l  maneuvers, pha rmaco log ic  i nter­

vent ion wi l l  usua l ly term i n ate the a rrhyth m i a .  A bo lus  i nject ion of 

adenos ine ,  a short-act i ng  AV noda l  b lock ing  agent, is a l most a lways 

effect ive (avo id  th i s  d rug  in pat ients with bronchospast ic l u n g  d is­

ease) . Second- l i n e  therap ies i n c l ude  beta-b lockers ,  ca l c i um  channe l  

b lockers ,  a nd-ra re ly-e lectr ica l card iovers io n .  
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Atrial Flutter 

Atrial flutter is less common than PSVT. It can occur in normal 
hearts or, more often, in patients with underlying cardiac pathology. 
The atrial activation in atrial flutter, as in PSVT, is absolutely regular 
but is even more rapid. P waves appear at a rate of 250 to 350  beats 
per minute. In its most common form, it is generated by a reentrant 
circuit that runs largely around the annulus of the tricuspid valve. 

In atrial flutter, atrial depolarization occurs at such a rapid rate that 
discrete P waves separated by a flat baseline are not seen . Instead, the 
baseline continually rises and falls, producing so-called flutter waves. 
In some leads, usually leads II and III ,  these may be quite prominent 
and may create what has been termed a saw-toothed pattern . 

The AV node cannot handle the extraordinary number of atrial 
impulses bombarding it-it simply doesn't have time to repolarize 
in time for each ensuing wave-and therefore, not all of the atrial 
impulses pass through the AV node to generate QRS complexes . 
Some just bump into a refractory node, and that is as far as they 
get . This phenomenon is called A V  block. A 2 :  1 block is most 
common. This means that for every two visible flutter waves, one 
passes through the AV node to generate a QRS complex, and one 
does not. Blocks of 3: 1 and 4: 1 are also frequently seen . Carotid 
massage may increase the degree of block (e.g. , changing a 2: 1 block 
to a 4 :  1 block) , making it easier to identify the saw-toothed pattern . 
Because atrial flutter originates above the AV node, carotid massage 
will not result in termination of the rhythm. 

carotid massage beg ins 

Atr i a l  f l utter .  C a rot id massage i ncreases the b lock from 3: 1 to 5:  1 .  
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The axis of the P waves (fl utter waves) i n  atr i a l  f l utter depends u pon 

whether the reentra nt c i rcu i t  rotates cou nterc lockwise (the more 

com mon form, p rod uc i ng  negative saw-tooth deflect ions i n  the 

i nfe r ior leads) or  c lockwise (positive deflections i n  the i nfer ior leads) 

a round  the tr icusp id va lve . 

lllll�ll��Hlll��ll 
Atr i a l  f l utter. Lead I I  shows c l ass ic neg ative 
deflect ions .  

Approxi mately 200,000 cases of atr i a l  f l utter a re d i agnosed each yea r  

i n  the U n ited States . Com mon cond it ions associated with atria l  f l utter 

i nc lude the fo l l owin g :  

Hypertens ion 

Obes ity 

D i abetes me l l itus 

E lectro lyte i m ba l ances 

Alcohol  i n toxication 

Drug abuse, particu l a rly coca i ne  and  am pheta m ines 

Pu lmonary d isease (e . g . ,  ch ron i c  obstructive pu l monary d isease 

and  p u l monary embo l ism) 

Thyrotoxicosis 

Va r ious underlyi ng  card iac  cond it ions,  both congen ita l  (e.g . ,  atria l  

septa ! defect) and  acq u i red (e.g . ,  rheumatic va lvu l a r  d i sease, coro­

nary a rtery d i sease and  congestive heart fa i l u re) 

Although  atr ia l  f lutter i s  ra re ly l ife th reaten i ng ,  the ra p id ventri cu l a r  

response may ca use shortness of  b reath or  ang ina  or  p rec ip itate or  

worsen congestive hea rt fa i l u re ,  wh ich may mandate u rgent c l i n i ca l  

i ntervent ion . E l ectrica l ca rd iovers ion i s  very effective a t  restor ing  nor­

ma l  s i nus  rhythm,  a lthough pharmacolog ic  ca rd iovers ion is often fi rst 

attem pted i n  patients who a re hemodynam ica l ly stab le .  
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A 

Atrial Fibrilla tion 

In atrial fibrillation, atrial activity is completely chaotic, and the 
AV node may be bombarded with more than 500 impulses per 
minute! Whereas in atrial flutter a single constant reentrant circuit 
is responsible for the regular saw-toothed pattern on the EKG, in 
atrial fibrillation multiple reentrant circuits whirl around in totally 
unpredictable fashion.  No true P waves can be seen . Instead, the 
baseline appears flat or undulates slightly. The AV node, faced with 
this extraordinary blitz of atrial impulses, allows only occasional 
impulses to pass through at variable intervals, generating an irregularly 
irregular ventricular rate, usually between 1 20 and 1 80 beats per 
minute. However, slower or faster ventricular responses (see figures A 
and B below) can often be seen . 

This irregularly irregular appearance of QRS complexes in 
the absence of discrete P waves is the key to identifying atrial 
fibrillation. The wavelike forms that may often be seen on close 
inspection of the undulating baseline are called fibrillation waves. 

B 

(A) Atria l  f i b r i l l at ion with a s low, i rreg u l a r  ventr icu l a r  rate . (B) Another  
examp l e  of atr i a l  f i b r i l l at io n .  I n  the a bsence of a c lear ly  f i b r i l l a t ing  base l i ne ,  
the o n ly c l ue  that th i s  rhyth m is  atr i a l  f i b r i l l a t ion i s  the i rreg u l a r ly i rreg u l a r  
a p pearance o f  t h e  Q R S  com p l exes .  

Carotid massage may slow the ventricular rate in atrial fibrillation, 
but it is rarely used in this setting because the diagnosis is usually 
obvious. 
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Atr ia l  f ib r i l lat ion is m uch more common than atr i a l  f l utter .  It is the 

most com mon susta i ned a rrhyth m ia i n  the genera l  popu lation ,  with 

a n  overa l l  p reva lence of u p  to 1 .0% i ncreas i ng  with age so that it 

exceeds 8 %  among i nd iv idua l s  over age 80 .  Under ly i ng  ca uses a re 

s im i l a r  to those for atria l  f l utte r, with a n  espec ia l ly h i g h  i n cidence of 

ca rd iac  cond it ions,  notably hypertens ive heart d isease, m itra l  va lve 

d isease, and  coronary a rtery d isease. C ons iderat ion of acute prec ip i ­

tants, such as pu lmonary embo l i sm,  thyrotoxicos is ,  and  per icard it is , 

must be stressed i n  the c l i n ica l  eva l uat ion of any patient with new­

onset atr ia l  f ibr i l lat ion . An im portant cause of noctu rna l ep isodes of 

atria l  f ib r i l lat ion is  obstructive s leep apnea .  

Sym ptoms of  pa lp itations ,  chest pa i n ,  shortness of  b reath , and  d iz­

z iness may occu r, but a s ign if ica nt m i nority of pat ients exper ience no 

sym ptoms at a l l .  

Restorat ion o f  norma l  s i nus  rhythm can b e  attem pted through  

e ither e lectr ica l o r  pharmaco log ic  card iovers ion or  ab l ative techn i q ues 

(see fo l l owing box and page 1 52) ,  and is often tem porar i ly successfu l .  

However, ma i ntenance o f  norma l  s i nus  rhythm i s  often i m poss ib le  to 

ach ieve, e ither beca use the a rrhyth m ia  is refractory to pharmaco log ic  

ma i ntenance therapy or beca use of  the many s ide effects associated 

with these agents. 

Patients with pers i stent atr i a l  f i b r i l l at ion a re at r isk of system i c  

embo l i zat ion .  The f ib r i l l at i ng  atr ia (often compared to  a bag  of 

worms) p rovi de an exce l l ent su bstrate for b l ood c lots to form . 

Treatment of patients with a n  i ntermed iate or h i g h  r i sk of stroke 

(e.g . ,  u nder ly i n g  hypertens ion ,  d i a betes me l l i tus ,  m itra l stenos is ,  

o r  a pr ior  h i story of tra ns ient  ischem i c  event  or  stroke) m u st there­

fore i n c l ude  a nt icoag u l at ion ,  trad it ion a l ly with wa rfa r i n ,  but now 

more often with one  of the n ew d i rect th rom b i n  i n h i b itors, such as 

dab i gatra n .  Whereas wa rfa r i n  req u i res cont i n u a l  mon ito r i ng  of the 

pat ient 's  p roth ro m b i n  t ime (PT I N R) to ensu re adeq uate a nt icoagu ­

l a t i on  and  to  p revent overzea lous  a nt icoagu lat ion with the atten­

dant r i sk of  a s i gn if ica nt b leed , the d i rect th ro m b i n  i n h i b itors do not 

req u i re cont i n u a l  mon itor i n g  and  do  not a ppea r to be associated 

with any g reater r isk of b leed i n g  com p l icat ions .  
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Pat ients with pers istent atr ia l  f ib r i l lat ion and  a rap id  ventricu l a r  

response, part icu l a r ly if associated with sym ptoms, may a l so req u i re 

long-term pharmaco log ic  thera py (e.g . ,  beta-b lockers) to control the i r  

ventr i cu la r  rate . F o r  some, a so-ca l led p i l l - i n-the-pocket approach may 

be a usefu l adj unct to therapy, in which patients a l ready on rate­

control agents a re i nstructed to take an add it iona l  p i l l  whenever they 

fee l  the onset of sym ptoms .  

Stud ies have shown l itt le  to no su rviva l benefit of  rhythm control 

versus rate control and a nticoag u lat ion . Rhyth m control i s  gener­

a l ly attem pted i n  younger  pat ients, s i nce restorat ion of norma l  s i nus  

rhythm appears to  imp rove perce ived qua l ity of  l ife . I n  pat ients over 

70,  especia l ly if asym ptomatic, rate control with anticoagu l at ion is a 

viab le  and  often preferred a lternative. 

Recent work has suggested that somatic m utations in at least one 

gap-j u n ct ion mem brane  p rote i n  invo lved in myocyte depola rizat ion 

may account  for some cases of atria l  f ib r i l l at ion prev ious ly cons idered 

id iopath ic, and it is l i ke ly that other genet ic m utations wi l l  be fou n d .  

Add it iona l  evidence h a s  strong ly imp l i cated ectop ic  beats occu rr i ng  

at the s ite where the pu l monary ve ins  con nect to  the left atr i u m  as  

i n stru menta l i n  tr igger i ng  atria l  f ibr i l lat ion i n  otherwise norma l  hearts . 

Thus ,  p rocedu res ut i l i z i ng  catheter ab lat ion a i med at th i s  a rea have 

p roven successfu l  in p revent i ng  recu rrent atr i a l  f ib r i l lat ion in some 

pat ients .  



Supra ventricular Arrhythmias � 
Multifocal Atrial Tachycardia 
and Wandering Atrial Pacemakers 

MA T is an irregular rhythm occurring at a rate of 1 00 to 200 beats 
per minute. It probably results from the random firing of several 
different ectopic atrial foci. Sometimes, the rate is less than 1 00 beats 
per minute, in which case the arrhythmia is often called a wandering 
atrial pacemaker. 

MAT is very common in patients with severe lung disease. It 
rarely requires treatment. Carotid massage has no effect on MAT. A 
wandering atrial pacemaker can be seen in normal, healthy hearts . 

Like atrial fibrillation, MAT is an irregular rhythm.  It can be 
distinguished from atrial fibrillation by the easily identifiable P waves 
occurring before each QRS complex. The P waves, originating from 
multiple sites in the atria, will vary in shape, and the interval between 
the different P waves and the QRS complexes will vary as well. In 
order to make the diagnosis of MAT, you need to identify at least 
three different P wave morphologies . 

M u lt ifoca l atr i a l  tachyca rd i a .  Note that ( 1 ) the P waves va ry 
d ramat ica l ly in shape;  (2) the PR i nterva ls  va ry; and  (3) the ventr i cu l a r  
rate i s  i rreg u l a r .  

In a wandering atrial pacemaker, at  least three different P wave 
morphologies can be seen, but there will be at least two or three beats 
of each P wave morphology before the site moves on and creates the 
next morphology. 
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Paroxysmal  Atrial Ta chycardia 

The last of our five supraventricular arrhythmias, PA T, is a regular 
rhythm with a rate of 1 00 to 200 beats per minute. It can result 
either from the enhanced automaticity of an ectopic atrial focus or 
from a reentrant circuit within the atria. The automatic type typically 
displays a warm-up period when it starts , during which the rhythm 
appears somewhat irregular, and a similar cool-down period when it 
terminates . The less common reentrant form starts abruptly with an 
atrial premature beat; this form of PAT has also been termed atypical 
atrial flutter. 

PAT is most commonly seen in otherwise normal hearts . It can also 
be caused by digitalis toxicity. 

How can you tell PAT from PSVT? Many times you can't. 
However, if you see a warm-up or cool-down period on the EKG, the 
rhythm is likely to be PAT. In addition, carotid massage can be very 
helpful: carotid massage will slow or terminate PSVT, whereas it has 
virtually no effect on PAT (other than some mild slowing) . 

-\ , 

PAT. P waves a re not a lways v i s ib le ,  but  here they can be seen fa i r ly 
eas i ly .  You may a l so not ice the vary i ng  d i stance between the P waves 
and  the ensu i ng  QRS com p l exes; th i s  ref lects a vary i ng  cond uction  
de l ay  between the atr ia and  ventr ic les tha t  often accom pan ies PAT 
(but we a re gett i ng  way ahead of o u rse lves; conduct ion de lays a re 
d i scussed i n  C ha pter 4) .  



Supra ventricular Arrhythmias � 

S u p raventricu l a r  Arrhyth m ias  

Arrhythmia Characteristics 

PSVT 

Flutter 

Regular 
P waves are retrograde if visible 
Rate: 1 50-250 bpm 
Carotid massage: slows or 

terminates 

Regular, saw-toothed 
2: 1 ,  3 : 1 ,  4 : 1 ,  etc . ,  block 
Atrial rate : 250-350 bpm 
Ventricular rate: one-half, one-third, 

one-quarter, etc . ,  of atrial rate 
Carotid massage: increases block 

Fibrillation Irregular 

MA T 

PA T 

Undulating baseline 
Atrial rate : 

350-500 bpm 
Ventricular rate: variable 
Carotid massage: may 

slow ventricular rate 

Irregular 
At least three different P wave 

morphologies 
Rate: 1 00-200 bpm; sometimes less 

than 1 00 bpm 
Carotid massage: no effect 

Regular 
Rate: 1 00-200 bpm 
Characteristic warm-up period 

in the automatic form 
Carotid massage: no effect, or 

only mild slowing 

EKG 

carotid massage begins 
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Ventricular Arrhythmias 

Ventricular arrhythmias are rhythm disturbances arising below the AV 
node. 

Prema ture Ventricular Con tra ctions 

Premature ventricular contractions (PVCs) , are certainly the most 
common of the ventricular arrhythmias . The QRS complex of a 
PVC appears wide and bizarre because ventricular depolarization 
does not follow the normal conduction pathways . However, the QRS 
complex may not appear wide in all leads, so scan the entire 1 2-lead 
EKG before making your diagnosis. The QRS duration must be at 
least 0 . 1 2  seconds in most leads to make the diagnosis of a PVC. A 
retrograde P wave may sometimes be seen, but it is more common 
to see no P wave at all .  A PVC is usually followed by a prolonged 
compensatory pause before the next beat appears . Less commonly, 
a PVC may occur between two normally conducted beats without a 
compensatory pause. These are called interpolated PVCs. 

Isolated PVCs are common in normal hearts and rarely require 
treatment. An isolated PVC in the setting of an acute myocardial 
infarction, however, is more ominous because it can trigger 
ventricular tachycardia (VT) or ventricular fibrillation, both of which 
are life-threatening arrhythmias . 

PVCs typically occur randomly, but they may alternate with 
normal sinus beats in a regular pattern. If the ratio is one normal 
sinus beat to one PVC, the rhythm is called bigeminy. Trigeminy 
refers to two normal sinus beats for every one PVC, and so on. 

A B 

(A) A PVC . Note the compensatory pause before the next beat. 
(B) B i g e m i ny .  PVC s and s i n us  beats a l ternate in a 1 : 1  fash ion . 



Ventricular Arrhythmias � 
When should you worry about PVCs? Certain situations have 

been identified in which PVCs appear to pose an increased risk for 
triggering VT, ventricular fibrillation, and death. These situations are 
summarized in the rules of malignancy: 

1 .  Frequent PVCs 

2 .  Runs of consecutive PVCs, especially three or more in a row 

3 .  Multiform PVCs, in which the PVCs vary in their site of origin 
and hence in their appearance 

4. PVCs falling on the T wave of the previous beat, called the 
"R-on-T" phenomenon. The T wave is a vulnerable period in the 
cardiac cycle, and a PVC falling there is more likely to set off VT. 

5 .  Any PVC occurring in the setting of an acute myocardial infarction 

Although PVCs meeting one or several of these criteria are associated 
with an increased risk for developing a life-threatening arrhythmia, 
there is no evidence that suppressing these PVCs with antiarrhythmic 
medication reduces mortality in any setting. 

A 

B 

(A) Beats 1 and  4 a re s i nus  i n  or i g i n .  The other  th ree beats a re PVCs .  
The PVCs d i ffer f rom each  other  i n  shape (mu lt iform), and  two occur  
i n  a row. (B) A PVC fa l l s  on the T wave of the second s i n u s  beat, 
i n it iat i ng  a run of VT. 
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Ventricular Tachycardia 

A run of three or more consecutive PVCs is called ventricular 
tachycardia (VT) . The rate is usually between 1 20 and 200 beats 
per minute and, unlike PSVT, may be slightly irregular (although it 
may take a very fine eye to see this) . Sustained VT is an emergency, 
presaging cardiac arrest and requiring immediate treatment. 

Ventr i cu l a r  tachycard i a .  The rate i s  a bout 200 beats per m i n ute . 

The morphology of VT may be uniform, with each complex 
appearing similar to the one before it, as in the picture above, or 
it may be polymorphic, changing appearance from beat to beat. 
Polymorphic VT is more commonly associated with acute coronary 
ischemia, infarction, profound electrolyte disturbances, and 
conditions causing prolongation of the QT interval . Uniform VT 
is more often seen with healed infarctions; the scarred myocardium 
provides the substrate for the reentrant VT. 

Approxi mately 3 . 5 %  of pat ients deve lop VT after a myoca rd ia l  i nfa rc­

t ion ,  the l a rge major ity with i n  the f i rst 48 hou rs .  An i ncreased r isk of 

VT pers ists for weeks beyond the myoca rd ia l  i nfa rction . The deve lop­

ment of susta i ned VT with i n  the fi rst 6 weeks posti nfa rct ion is  associ­

ated with a 1 -yea r morta l ity rate of about 7 5 % .  



Ventricular Arrhythmias � 
Ventricular Fibrilla tion 

Ventricular fibrillation is a preterminal event. It is seen almost solely 
in dying hearts . It is the most frequently encountered arrhythmia in 
adults who experience sudden death. The EKG tracing jerks about 
spasmodically (coarse ventricular fibrillation) or undulates gently (fine 
ventricular fibrillation) . There are no true QRS complexes . 

In ventricular fibrillation, the heart generates no cardiac output, 
and cardiopulmonary resuscitation and electrical defibrillation must 
be performed at once. 

Ventr i cu l a r  tachyca rd ia degenerates i nto ventr i cu l a r  f i b ri l l at ion . 

Common prec ip ita nts of ventri cu l a r  f ib r i l lat ion i nc l ude :  

Myocard i a l  ischem ia/i nfa rct ion 

Heart fa i l u re 

Hypoxem ia or hypercapn i a  

Hypotens ion or  shock 

E lectro lyte i m ba lances 

St i m u la nts, such as caffe i ne, a lcoho l ,  and  drugs 

I n  many cases, ventricu la r  f ib r i l lat ion i s  p receded by VT 
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Accelera ted Jdio ventricular Rhythm 

Accelerated idioventricular rhythm is a benign rhythm that is 
sometimes seen during an acute infarction or during the early hours 
following reperfusion after an occluded coronary artery has been 
opened. It is a regular rhythm occurring at 50 to 1 00 beats per 
minute and probably represents a ventricular escape focus that has 
accelerated sufficiently to drive the heart. It is rarely sustained, does 
not progress to ventricular fibrillation, and rarely requires treatment. 
When the rate falls below 50 beats per minute, it is then simply called 
an idioventricular rhythm (i. e. , the term accelerated is dropped) . 

Acce lerated i d i oventr i cu l a r  rhyth m .  There a re no P waves, the QRS 
comp lexes a re wide ,  and  the rate i s  a bout 7 5  beats per  m i n ute.  



Ventricular Arrhythmias � 
Torsade de Pointes 

Torsade de pointes, meaning "twisting of the points, '' is more than just 
the most lyrical name in cardiology. It is a unique form of VT that is 
usually seen in patients with prolonged QT intervals. 

The QT interval, you will recall, encompasses the time from the 
beginning of ventricular depolarization to the end of ventricular 
repolarization. It normally constitutes about 40% of the complete 
cardiac cycle .  

A prolonged QT interval can be congenital in origin (resulting 
from mutations in genes encoding cardiac ion channels) , can 
result from various electrolyte disturbances (notably hypocalcemia, 
hypomagnesemia, and hypokalemia) , or can develop during an 
acute myocardial infarction. Numerous pharmacologic agents can 
also prolong the QT interval . These include antiarrhythmic drugs, 
tricyclic antidepressants , the phenothiazines, and some antifungal 
medications and antihistamines when taken concurrently with certain 
antibiotics, particularly erythromycin and the quinolones . 

A prolonged QT interval is generally the result of prolonged 
ventricular repolarization (i. e. , the T wave is lengthened) . A PVC 
falling during the elongated T wave can initiate torsade de pointes . 

Torsade de pointes looks just like ordinary, run-of-the-mill VT, 
except that the QRS complexes spiral around the baseline, changing 
their axis and amplitude. It is important to distinguish torsade de 
pointes from standard VT because they are treated very differently. 

Torsade de  po i ntes . The QRS comp lexes seem to sp i n  a round the 
base l i ne ,  chang ing the i r  ax is and  a m p l itude .  
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Ventric u l a r  Arrhyt h m ias  

PVC Ventricular tachycardia Ventricular fibri l lation 

Accelerated id ioventricular rhythm Torsades de pointes 

Rules of Malignancy for PVCs 

Frequent PVCs 

Consecutive PVCs 

Multiform PVCs 

R-on-T phenomenon 

Any PVC occurring during an acute myocardial infarction 
(or in any patient with underlying heart disease) 



Supra ven tricular Versus Ventricular Arrhythmias � 
Supraventricular Versus Ventricular 
Arrhythmias 

The distinction between supraventricular arrhythmias and ventricular 
arrhythmias is extremely important because the latter generally carry 
a far more ominous prognosis and the therapy is very different. In 
most cases, the distinction is simple: supraventricular arrhythmias are 
associated with a narrow QRS complex, ventricular arrhythmias with 
a wide QRS complex. 

There is one common circumstance, however, in which 
supraventricular beats can produce wide QRS complexes and 
make the distinction considerably more difficult. This occurs 
when a supraventricular beat is conducted aberrantly through the 
ventricles, producing a wide, bizarre-looking QRS complex that is 
indistinguishable from a PVC. Here's how it happens. 

Aberrancy 

Sometimes, an atrial premature beat occurs so early in the next cycle 
that the Purkinje fibers in the ventricles have not had a chance to 
repolarize fully in preparation for the next electrical impulse. The 
right bundle branch, in particular, can be sluggish in this regard, and 
when the premature atrial impulse reaches the ventricles, the right 
bundle branch is still refractory. The electrical impulse is therefore 
prevented from passing down the right bundle branch but is able 
to pass quite freely down the left bundle branch (figure A) . Those 
areas of the ventricular myocardium ordinarily supplied by the right 
bundle branch must receive their electrical activation from elsewhere, 
namely from those areas already depolarized by the left bundle 
branch (figure B) . The complete process of ventricular depolarization, 
therefore, takes an unusually long time; the vector of current flow is 
distorted; and the result is a wide, bizarre QRS complex that looks,  
for all the world, like a PVC (figure C) .  
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c 

a-\ 
\ \ f W\J 

(A) A p rematu re atr i a l  i m p u lse catches the r ight  b u n d l e  b ranch  
u n p repared . Cond uct ion down the r ight  bund l e  is b locked but 
p roceeds smooth ly down the left bund l e .  (B) R ight  ventr icu l a r  
depo la r izat ion occu rs o n ly when  the e lectrica l fo rces ca n m a ke the i r  
way  over from the left ventr ic le-a s low, ted ious  p rocess . Th is  mode 
of transm iss ion i s  very i n eff ic ient a n d  resu lts i n  a w ide ,  b iza rre QRS 
com p l ex .  (C) The th i rd P wave i s  a p rematu re atr i a l  contractio n .  I t  i s  
conducted a berrant ly th rough  the ventr ic les ,  generat i ng  a wide ,  b iza rre 
QRS com p lex.  



Supra ven tricular Versus Ventricular Arrhythmias � 
A wide QRS complex can therefore signify one of two things : 

• A beat originating within the ventricles, or 

• A supraventricular beat conducted aberrantly 

How do you tell the two apart? In the case of a single premature 
atrial contraction, it's usually easy because there is a P wave preceding 
the wide QRS complex. Look especially closely at the T wave of the 
preceding beat to see if a premature P wave is hidden within it. On 
the other hand, and rather obviously, there is no P wave preceding 
a PVC. 

However, when there are several consecutive beats occurring in 
rapid succession, or a lengthy, sustained arrhythmia, the distinction 
can be much more difficult. PSVT and VT have about the same 
rates . Thus, the tracing below is consistent with either VT or PSVT 
conducted aberrantly. 

In the tracing above, normal sinus rhythm degenerates into a 
new rhythm, but is it VT or supraventricular tachycardia conducted 
aberrantly? Don't feel bad if you can't tell . From this strip alone, as 
you will see, it is impossible to know for sure . 



� 3 Arrhythmias 

As you can see from the preceding rhythm strip, it is sometimes 
impossible to tell these two entities apart. There are, however, several 
clinical and electrocardiographic clues that can be helpful. 

Clinical Clues 

1 .  VT is usually seen in diseased hearts (e.g. , in a patient with a 
prior myocardial infarction or congestive heart failure) . PSVT is 
usually seen in otherwise normal hearts . 

2 .  Carotid massage may terminate PSVT, whereas it has no effect 
on VT. 

3 .  More than 75% of cases of VT are accompanied by A V  
dissociation .  In AV dissociation, the atria and ventricles beat 
independently of each other. There is a ventricular pacemaker 
driving the ventricles and producing VT on the EKG, and an 
independent sinus (or atrial or nodal) pacemaker driving the 
atria; the atrial rhythm may sometimes be seen but often is not, 
hidden on the EKG by the much more prominent VT. The AV 
node is kept constantly refractory by the ceaseless bombardment 
of impulses from above and below, and therefore no impulse 
can cross the AV node in either direction. If, as will occur from 
time to time, the ventricles contract just before the atria, the 
atria will find themselves contracting against closed mitral and 
tricuspid valves .  This results in a sudden back-flooding of blood 
into the jugular veins, producing the classic cannon A waves of 
AV dissociation. Cannon A waves are not seen in PSVT. 

A 

Normal jugular venous tracing 

A 

A 

c 

Cannon A waves in a patient with 
AV dissociation 

A wave: right atrial contraction 

C wave: closure of the tricuspid valve 

V wave: passive fi l l ing of the right atrium during 
diastole 

A 



Supra ven tricular Versus Ventricular Arrhythmias � 
Electrocardiographic Clues 

1 .  AV dissociation accompanying VT can sometimes be seen on 
the EKG. P waves and QRS complexes march along the rhythm 
strip completely independently of each other. In PSVT, if P 
waves are seen, they bear a 1 : 1  relation to the QRS complexes. 
And remember, the P waves of PSVT will be retrograde P 
waves, with a positive deflection in lead AYR and a negative 
deflection in lead II .  

2 .  Fusion beats may be seen in VT only. A fusion beat (or capture 
beat) occurs when an atrial impulse manages to slip through the 
AV node at the same time that an impulse of ventricular origin is 
spreading across the ventricular myocardium. The two impulses 
jointly depolarize the ventricles, producing a QRS complex that 
is morphologically part supraventricular and part ventricular. 

The second beat is a fus ion beat, a com posite of an atr i a l  (s i n us) beat 
(beats 1 and 4) and a PVC beat (beat 3 ) .  

3 .  In PSVT with aberrancy, the initial deflection of the QRS 
complex is usually in the same direction as that of the normal 
QRS complex. In VT, the initial deflection is often in the 
opposite direction. 

None of these criteria is infallible, and sometimes it remains 
impossible to identify a tachyarrhythmia as ventricular or 
supraventricular in origin. In patients with recurrent tachycardias 
whose origin (and, hence, treatment) remains obscure, 
electro physiologic testing may be necessary (see page 1 5 1 ) .  
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The Ashman Phenomenon 

We aren't quite ready to leave the subject of aberrancy. The Ashman 
phenomenon is another example of aberrant conduction of a 
supraventricular beat. It is commonly seen in patients with atrial 
fibrillation. 

The Ashman phenomenon describes a wide, aberrantly conducted 
supraventricular beat occurring after a QRS complex that is preceded by 
a long pause. 

This is why it happens. The bundle branches reset their rate of 
repolarization according to the length of the preceding beat. If the 
preceding beat occurred a relatively long time ago, then the bundles 
repolarize somewhat leisurely. So imagine a normal beat (the second 
beat on the tracing below) followed by a long pause before the next 
beat (the third beat on the tracing) . The bundle branches anticipate 
another long pause following this beat and repolarize slowly. If, before 
repolarization is complete, another supraventricular impulse should 
pass through the AV node, conduction will be blocked along one 
of the normal bundle branch pathways, and a wide, bizarre QRS 
complex will be inscribed (the fourth and obviously abnormal beat) . 

Atrial fibrillation, with its variable conduction producing long and 
short pauses between QRS complexes, is the perfect setting for this to 
occur. 

The Ash m a n  phenomenon . The fou rth beat looks l i ke a PVC , but it 
cou l d  a lso be an a berrant ly conducted sup raventr i cu l a r  beat .  Note 
the u nder ly i ng  atr i a l  f i b r i l lat i on ,  the short i nte rva l before the second  
beat, and  the long i n terva l before the th i rd beat-a l l  i n  a l l ,  a perfect 
substrate for the Ash m a n  phenomenon . 



Supra ven tricular Versus Ventricular Arrhythmias � 
Fortunately, most supraventricular arrhythmias are associated 

with narrow QRS complexes; aberrancy, although not uncommon, 
is at least the exception, not the rule . The point to take home is this : 
a narrow QRS complex virtually always implies a supraventricular 
origin, whereas a wide QRS complex usually implies a ventricular 
origin but may reflect aberrant conduction of a supraventricular beat. 
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Ventricu l a r  Tachyca rd ia  (VT) Versus  PSVT With Aberra ncy 

VT PSVT 

Clinical Clues 
Clinical history Diseased heart Usually healthy heart 
Carotid massage No response May terminate 
Cannon A waves May be present Not seen 

EKG Clues 
AV dissociation May be seen Not seen 
Fusion beats May be seen Not seen 
Initial QRS deflection May differ from normal Same as normal QRS 

QRS complex complex 



Programmed Electrical Stimula tion � 

Programmed Electrical Stimulation 

Programmed electrical stimulation (abbreviated EPS for 
electrophysiologic studies) has added a new dimension to the 
treatment of arrhythmias .  Before the introduction of EPS, a patient 
with an arrhythmia requiring treatment was given a drug empirically, 
and after several days, when therapeutic levels had been achieved, a 
24-hour Holter monitor would be used to see whether the frequency 
of the arrhythmia had been reduced. This hit-or-miss approach was 
time-consuming and exposed patients to the potential side effects of 
drugs that might prove of no benefit. 

EPS is certainly not necessary for all patients with arrhythmias, and 
the Holter monitor remains the staple of arrhythmia diagnosis and 
treatment. EPS is expensive and invasive, but for certain patients it 
has great value, greatly refining the process of choosing the right drug 
for patients who need rapid and effective therapy. 

The patient is taken to the electrophysiology laboratory where the 
particular arrhythmia is induced with intracardiac electrodes . Tiny 
catheters are inserted through peripheral veins or arteries and are then 
advanced to various locations within the chambers of the heart. A 
catheter placed at the junction of the right atrium and ventricle at the 
upper posterior portion of the tricuspid ring will record a His bundle 
potential, which can help to define the electrical relationship of the atria 
and ventricles during the propagation of an arrhythmia. For example, 
if with atrial activation a His potential precedes every QRS complex, 
then a supraventricular origin is likely. In this way, the source of an 
arrhythmia can be mapped to determine the most appropriate therapy. 

A B 

(A) A H i s  bund l e  record i n g  and  (B) the correspon d i n g  E K G .  I n  A, the 
s m a l l  sp i ke (H)  between the sp i kes of atr i a l  (A) and  ventr i cu l a r  (V) 
activat ion ref lects act ivat ion of the b u n d l e  of H is .  
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EPS has been used most successfully in patients who have recurrent 
VT or who have experienced a previous episode of sudden death 
requiring cardiopulmonary resuscitation. 

EPS mapping techniques have become extremely precise, and the 
technique of catheter ablation often mitigates the need for a more 
extensive surgical procedure . With this technique, it is possible to 
intentionally damage (ablate) a portion of the reentrant pathway that 
is the origin of the rhythm disturbance by applying electrical energy 
(most commonly radiofrequency) to where the catheter tip is in 
contact with the myocardium. Catheter ablation usually results in a 
permanent cure, leaving only a 4- or 5-mm scar, and the patient may 
not even require medication. 

Implantable Defibrillators 

Even when EPS-guided drug therapies or catheter ablation techniques 
are used, the recurrence rates for VT are still unacceptably high. For 
this reason, implantable cardioverter-defibrillators have become the 
standard form of protection for most patients with life-threatening 
arrhythmias . These small devices are surgically implanted, like 
a pacemaker, under the skin below the clavicle .  There they 
continuously monitor the heart rhythm and, when they sense a 
dangerous arrhythmia, deliver an electric shock to the heart through 
an electrode that rests in the right ventricle. 

normal  s i n u s  rhythm ventr icu lar  tachyca rdia shock is d e l ivered normal  s i n u s  rhythm 

The heart rate of a 72-year-o l d  woman  is rescued from VT by a shock 
de l ivered by an  i m p l a ntab l e  card ioverter-defi b r i l l ator .  



External Defibrilla tors � 

External Defibrillators 

Automatic external defibrillators are small portable devices that come 
equipped with patches that attach to the chest wall . Once hooked 
up, these devices can quickly determine whether the rhythm of an 
individual who has collapsed is ventricular fibrillation and, if so, can 
deliver defibrillation shocks that may be lifesaving. Minimal training 
is required to learn how to operate the defibrillator and place the 
patches properly. They are now widely available in police cars, on 
airplanes, and in public venues . 

Here is an opportunity to review the arrhythmias we have been 
discussing. If you want to reexamine the basic characteristics of each 
arrhythmia before trying these examples, go back to the sections 
on arrhythmias of sinus origin, supraventricular arrhythmias, and 
ventricular arrhythmias . For each tracing, use the four-step method 
discussed previously. Always ask the following questions: 

1 .  Are P waves present? 

2. Are the QRS complexes narrow or wide? 

3 .  What is the relationship between the P waves and QRS 
complexes? 

4 .  Is the rhythm regular or irregular? 



� 3 Arrhythmias 

A 

B 

c 

D 

E 

(A) Atria l  f ib r i l l at i on .  (B) Ventr icu l a r  tachyca rd i a .  (C) S i n u s  b radyca rd i a .  
(O) VT degenerat i ng  i nto ventr i cu l a r  f ib r i l l at i o n .  (E) PSVT. 
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Lo l a  deB . ,  pred ictab ly, is the l i fe of the pa rty . Never m iss i n g  a turn  on the 

da nce f loor nor  a rou n d  at the bar ,  she  becomes i ncreas i n g ly i ntoxicated 

as the even i n g  prog resses .  He r  h usba n d ,  a you n g  bus i ness executive, 

forces her to d r i n k  some coffee to sober her up before they leave . As 

he  i s  wa nder i ng  a rou nd  in search of the i r  coats, he  hears a screa m a n d  

rushes back t o  fi nd  her  co l l apsed on t h e  f loor .  Everyone  i s  i n  a pa n i c  and  

a l l  eyes t u r n  to  you ,  word havi ng  gotten a ro u n d  tha t  you  have recent ly 

been rea d i n g  a we l l - known and h i g h ly rega rded E KG book .  The terror 

in the room is pa l pab l e, but  you g r i n  modestly, toss down a fi n a l  swig  

of  m i n era l water, and  str ide  conf i dent ly to  the pat ient sayi ng  as you go ,  

" Do n 't worry. I ca n h a n d le i t . " 

C a n  you ?  What has  ha ppened to Lo la ,  a n d  j ust what a re you go i ng  to 

do a bout  it? 
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Of cou rse, a who le  host of th i ngs  cou l d  have ha ppened to Lo l a  (they 

usua l ly do), but you know that the com b i nat ion of a l coho l ,  coffee,  a n d  

t h e  exc itement  o f  t h e  pa rty can i n d uce a PSVT i n  a nyone ,  no matter how 

hea lthy they a re a n d  no matter  how norma l  the i r  heart .  It is l i ke ly  that th i s  

sup raventr ic u l a r  rhythm d istu rba nce has  ca used her  to  fa i nt .  

You bend down over her, assu re you rse lf that she  i s  b reath i ng ,  and feel 

her pu l se .  It i s  ra p id  and reg u l a r  with a rate of a bout 2 00 beats per m i n ute .  

Beca use she  i s  you n g  and very u n l i ke ly  to have s i gn if icant ca rot id  a rtery 

d i sease, you go r ight  ahead  a n d  perform ca rot id  massage,  a n d  with i n  

a bout 1 0  seconds  you fee l h e r  pu lse sh ift gea rs a n d  return  t o  norma l .  H e r  

eyes b l i n k  open a n d  t h e  room eru pts i n  cheers .  You r  g u ess was correct. 

As you a re carr ied out of the room on everyone ' s  shou l ders ,  don 't for­

get to rem i n d  them wh ich  book you were rea d i n g  that ta ught  you a l l  th i s  

good stuff .  
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I n  pat ients with tachya rrhyth m ias that resu lt i n  syncope, fu rther  

eva l uat ion i s  usua l ly warra nted beca use of the h i g h  l i ke l i hood of 

recu rrence .  Th i s  eva l u at ion usua l ly i n c l udes at least app rop r iate 

l aboratory stu d ies (e.g . ,  to ru le  out e lectro lyte i m ba l a nces and  

hyperthyro id i sm) ,  a stress-ca rd iac echo  (to l ook  fo r  va lvu l a r  d is­

ease a n d  corona ry a rte ry d i sease; see page 2 54 on stress test i ng) ,  

and a Ho lter mon itor or  event recorder to captu re any fu rther  

rhythm d istu rba nces .  Se i zu re act iv ity associated with the syncopa l  

event o r  any  pers i stent  n e u ro log i c  defi c its wi l l  necessitate a fu l l  

neu ro log ic  eva l uat i on .  I n  many states a n d  cou ntr ies ,  i f  no  treat­

ab l e  cause for the syncopa l  event is  fou n d ,  the pat ient wi l l  not be 

permitted to d r ive for at l east severa l months .  
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i i  
· I' i ll '! 

G eorge M . ,  i rasc ib l e  a n d  o lder  than  t ime ,  comes to see you late one  Fr iday 

afte rnoon (he a lways comes late on  Fr iday afte rnoons ,  p roba b ly beca use 

he  knows you l i ke to get a n  ear ly  sta rt on  the weekend ) .  This t ime he  te l ls 

you that he fa i nted the day before and  now is fee l i ng  a b i t  l i g ht-headed . 

He  a lso has a stra nge  fl utte r i ng  sensat ion i n  h i s  chest . G eorge is a lways 

com p l a i n i n g  of someth i n g ,  a n d  you have yet to fi nd  a nyth i n g  the matter 

with h i m  i n  the many yea rs you have known h i m ,  but  j u st to be ca refu l  

you obta i n  a n  E KG .  

You q u ick ly recogn ize the a rrhyth m ia a n d  a re reac h i n g  for you r  stetho­

scope when G eorge's eyes ro l l  back i n  h i s head and  he d rops u n consc ious 

to the f loor .  Fortunately, the E KG i s  sti l l  ru n n i ng ,  and you see 

I 
� ; .. j:: 1 

J I U: !. 
lltt 

I i  
. .  [ ' I  1 · 

You d rop down to h i s  s ide ,  ready, if need be, to beg i n  ca rd iopu lmona ry 

resusc itat ion ,  when h i s  eyes pop open and  he  m utters someth i ng  u nder  h i s  

b reath . The EKG now shows 
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You may n ot know what 's  go i ng  o n ,  b ut at l east you ca n ident ify the 

th ree trac i ngs .  R ight?  

The fi rst a n d  th i rd traci ngs  a re the sa me,  showi ng  c l ass i c  atr i a l  f i br i l l a ­

t io n .  The base l i n e  is  u n d u lat i ng ,  w ithout  c lea r-cut P waves, and the ORS 

com p lexes appear i rreg u l a r ly .  The second  trac i n g  i s  more i nterest i n g .  I t  

shows the atr i a l  fi b r i l l at ion term i n at i ng  abrupt ly and  then a long  pause . 

( It was d u r i n g  such a pa use that George d ropped to the f loor, a resu lt of 

b ra i n  hypoxia ca used by the lack of s i gn if icant  ca rd iac output . )  The beats 

that you see next a re ventr i cu l a r  esca pe beats .  The O RS comp lexes a re 

wide and  b iza rre, there a re no P waves, and  the rate is about 3 3  beats per 

m i n ute, exact ly what you wou l d  expect of a ventr i cu l a r  esca pe rhyth m .  

The fi n a l  th i n g  you see o n  the stri p i s  the s i nu s  node a t  l ast k ick i ng  i n ,  

a l be it  a t  a s low rate of 50  beats per m i n ute . 

George has s ick s i nus  synd rome, a l so ca l led the bradytachyca rd ia  

synd rome .  It is typif ied by a lternat ing ep isodes of a supraventricu l a r  tachy­

ca rd i a ,  such as atria l  f ib r i l lat ion ,  and  bradyca rd i a .  Often ,  when the supraven­

tr icu l a r  a rrhyth m i a  term i nates, there is  a long pause (g reater than 4 seconds) 

before the s i nus  node fi res aga in  (hence, the term s ick s i nus) .  Fortunately for 

George, a few ventr i cu la r  escape beats ca me to a t ime ly rescue .  
S i ck  s i nus  synd rome usua l ly refl ects s i gn if icant  u n der ly i n g  d i sease of  the 
conduct ion system of the sort that we a re studyi ng  i n  the n ext chapter .  It 
i s  one of the lea d i n g  reasons for pacemaker  i n se rt ion . 

G eorge M .  revives i n  you r  offi ce a n d  i n s i sts on go i ng  home .  Fortu­

nately, wiser heads p reva i l  a n d  he  is  ta ken by a m b u la nce to the hosp ita l .  

A short stay i n  the C C U  confi rms that he  has not h a d  a heart attack,  but  

h i s  heart mon itor shows n u m erous ep i sodes of pro longed bradyca rd ia  

a l ternat i ng  w i th  va r ious sup raventr i c u l a r  a rrhyth m ias .  It i s  dec ided that 

G eorge shou ld  have a pacemaker  p laced,  and he  re l u ctant ly ag rees .  

The pacemaker  p rovides a safety net, g iv i ng  G eorge's  heart an e lectr ica l  

" k i ck "  every t ime h is own e lectr ica l mech a n ism fa i l s h i m .  G eorge i s  d i s­

charged ,  a n d  no fu rther  ep isodes of sym ptomat ic  bradyca rd ia  occur .  



� 3 Arrhythmias 

Freder ick va nZ is a renowned (a nd  h i g h ly stru ng)  orchestra l conductor 

whose de lus ions  of g randeu r  a re tempered by a sma l l  reg u l a r  dose of ha lo­

per i do l ,  a com mo n ly p rescr i bed a nti psychot ic  med icat i o n .  Late one  n i g ht, 

afte r an a l l -Beethoven performance at the l a rge concert h a l l  in you r  town,  

he  i s  rushed to  the hosp ita l w i th  a h igh  fever, confus ion ,  and  b lood i n  h i s 

u r i ne  (hematur ia ) .  I n  the emergency room ,  he is fou n d  to be hypotens ive 

from u roseps is .  He i s  i m med iately treated with the i ntravenous  ant ib iot ic ,  

l evof loxac i n .  Here is  lead I I  from h i s ca rd iac  mon itor in the emergency 

roo m .  C a n  you identify h i s  rhyth m ?  

You shou ld  recog n ize two d iffe rent types of beats of very d i fferent 

morpho logy, a lternat i ng  with one another .  The maestro is  in b i gem i ny, 

with sup raventr icu l a r  beats U u nct iona l  beats, with a na rrow Q RS com p lex 

and  no  v is i b l e  P wave) occu rr i ng  i n  a 1 :  1 rat io with ventr icu l a r  beats (PVC s,  

with a wide Q RS com p l ex) . 
He  is transferred to the i ntens ive ca re u n it where you confi dent ly ta ke 

over h i s  case . As soon as you hook h i m  up to the hea rt mon itor, you see 

th i s .  What has happened?  
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Let's read th i s  left to r ig ht .  The fi rst beat is a j u nct iona l  beat, the 

secon d  a PVC , and the th i rd and fou rth beats two more j u n ct iona l  

beats. H e  c lea r ly i s  no  longer  i n  str i ct b igem i ny .  O n  the f ifth beat, r ight  

after the QRS com p lex, a PVC has l anded on the vu l n era b l e  QT i nte rva l 

and  tr iggered a short r un  of a VT that is fortunately se lf-te rm i nat i n g .  

Moments later, h i s b l ood pressu re co l l apses, h i s  body seizes u p  i n  

bed,  a n d  you see the fo l l owi ng  a rrhyt h m i a .  I n  a fl ash ,  you recogn ize it 

a n d  prepa re to swi ng  i nto act ion . What does the trac i ng  show? 

As in the prev ious trac i ng ,  a PVC has fa l l e n  on  a QT i n terva l ,  but 

now the resu l t i ng  VT pers i sts . The changes i n  a m p l itude ( refl ect i ng  a 

change  i n  axis as the Q RS comp l exes sp i ra l  a round  the base l i ne) iden­

t ify the a rrhyth m ia  as torsade  de po i ntes, a med ica l  emergency .  

The g reat conductor i s  successfu l ly treated (u rgent tem pora ry 

ca rd iac pac i ng  does the tr ick) ,  and  h i s  vita l s i gns  return to norma l .  

Severa l  hou rs later, h i s  rhythm str ip  now shows th i s .  P lease ident ify 

the rhythm and  look c losely at the l engths of the va r ious i n terva l s :  

'" ,, 
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He is i n  norma l  s i n u s  rhyth m-note the fi rst appearance of P waves­

but ta ke a c lose look at h i s  QT i n terva l .  Norma l ly, i t  shou ld  com prise a bout  

40 % of  the ca rd iac cyc le ,  but  here it measu res we l l  over 5 0 %  of  one ca r­

d i ac  cyc l e .  Th is  pro longed QT i n terva l was the perfect su bstrate for torsade 

de po i ntes . The pat ient was on two d rugs  that ca n pro long  the QT i n ter­

va l-ha loper ido l ,  wh ich  he  was ta k i ng  on a ch ro n i c  bas is ,  a nd  levofloxac i n ,  

the ant ib iot ic he  was g iven i n  the emergency room that acutely l engthened 

h is  QT i nte rva l even more and set u p  the g reat master for the near ly  fata l 

events that fol lowed . You i m med iately d iscont i n u e  both med icat ions ,  a n d  

h i s  Q T  i n terva l norma l izes . There wi l l  be no more ep isodes o f  torsade d e  

po i ntes on  you r  watch ! 



Conduction Blocks 

In this chapter you will learn: 

J I what a conduct ion b lock i s  

that there a re severa l types of  cond uct ion b locks that ca n occu r  2 I between the s i n u s  node  and  the atr ioventr i c u l a r  (AV) node ,  some 

that a re of l i tt l e  concern and othe rs that ca n be l i fe th reate n i n g  

I how t o  recog n ize each o f  these AV b locks on  t h e  E K G  3 
4 I that con d uct ion b locks ca n occu r  i n  the ventr ic les as we l l ,  a n d  these 

b u n d le branch b locks a re a lso eas i ly  ident if ied on  the E KG 

5 I that somet imes conduct ion a long  o n ly one  fasc ic le  of a b u n d le 

b ranch  can be b locked 

6 1 how to recog n ize com b i ned AV b locks and b u n d le branch b locks on 

the E KG 

I what pacema kers a re used for, a n d  how to recog n ize the i r  bu rsts of 7 e lectr ica l act iv ity on  a n  EKG 

8 I a bout the case of  Sa l ly M . ,  wh ich  wi l l  i l l u strate the i m porta nce of 

know ing  when cond uct ion d i stu rba nces a re tru ly  d istu rb i n g .  

1 63 I 
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What Is a Conduction Block? 

Any obstruction or delay of the flow of electricity along the normal 
pathways of electrical conduction is called a conduction block. 

A conduction block can occur anywhere in the conduction system 
of the heart. There are three types of conduction blocks, defined by 
their anatomic location. 

1 .  Sinus node block-This is the sinus exit block that we discussed 
in the last chapter. In this situation, the sinus node fires normally, 
but the wave of depolarization is immediately blocked and is not 
transmitted into the atrial tissue. On the EKG, it looks just like a 
pause in the normal cardiac cycle. We will not discuss it further. 

2 .  Atrioventricular (A V,) block-This term refers to any conduction 
block between the sinus node and the Purkinje fibers . Note that 
this includes the AV node and His bundle. 

3. Bundle branch block-As the name indicates, bundle branch 
block refers to a conduction block in one or both of the 
ventricular bundle branches . Sometimes, only a part of one of 
the bundle branches is blocked; this circumstance is called a 
fascicular block or a hemiblock. 

s i nu s  node b l ock 

AV b l ock 

b u n d l e  branch b l ock 

To a rou g h  app roxi mat ion ,  th is  p i ctu re shows typ ica l  s ites of the th ree 
major conduct ion b locks .  
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A V  Blocks 

AV blocks come in three varieties , termed (with a complete lack of 
imagination) first degree, second degree, and third degree. They are 
diagnosed by carefully examining the relationship of the P waves to 
the QRS complexes . 

First-Degree AV Block 

First-degree AV block is characterized by a prolonged delay in 
conduction at the AV node or His bundle (recall that the His bundle­
or bundle of His, depending on your grammatical preference-is 
the part of the conducting system located just below the AV node. A 
routine 1 2-lead EKG cannot distinguish between a block in the AV 
node and one in the His bundle) . The wave of depolarization spreads 
normally from the sinus node through the atria, but upon reaching the 
AV node is held up for longer than the usual one-tenth of a second. 
As a result, the PR interval-the time between the start of atrial 
depolarization and the start of ventricular depolarization, the time 
period that encompasses the delay at the AV node-is prolonged. 

The diagnosis of first-degree AV block requires only that the 
PR interval be longer than 0.2 seconds. 

In first-degree AV block, despite the delay at the AV node or His 
bundle, every atrial impulse does eventually make it through the 
AV node to activate the ventricles . Therefore, to be precise, first­
degree AV block is not really a "block" at all, but rather a "delay" in 
conduction. Every QRS complex is preceded by a single P wave. 
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� sites of 1 -deg ree AV b lock 

F i rst-deg ree AV b lock .  Note the pro longed PR i n terva l .  

First-degree AV block i s  a common finding i n  normal hearts , but 
it can also be an early sign of degenerative disease of the conduction 
system or a transient manifestation of myocarditis or drug toxicity. By 
itself, it does not require treatment. However, first-degree AV block 
is associated with an increased risk of atrial fibrillation, the need for 
subsequent pacemaker insertion, and all-cause mortality. The reason 
for this is not clear but may reflect the possibility that a prolonged PR 
interval is a precursor to more severe heart block or is a marker for 
underlying cardiovascular disease. 

Second-Degree AV Block 

In second-degree A V  block, not every atrial impulse is able to pass 
through the AV node into the ventricles . Because some P waves fail 
to conduct through to the ventricles, the ratio of P waves to QRS 
complexes is greater than 1 :  1 .  

Just to make things a little more interesting, there are two types of 
second-degree AV block: Mobitz type I second-degree A V  block, more 
commonly called Wenckebach block, and Mobitz type II second-degree 
A V  block. 



A V B/ocks � 
Wenckebach Block 

Wenckebach block is almost always due to a block within the AV node. 
However, the electrical effects ofWenckebach block are unique. The 
block, or delay, is variable, increasing with each ensuing impulse. Each 
successive atrial impulse encounters a longer and longer delay 
in the AV node until one impulse {usually every third or fourth) 
fails to make it through. What you see on the EKG is a progressive 
lengthening of the PR interval with each beat and then suddenly a P 
wave that is not followed by a QRS complex (a "dropped beat") . After 
this dropped beat, during which no QRS complex appears, the sequence 
repeats itself, over and over, and often with impressive regularity. 

The following tracing shows a 4 :3  Wenckebach block, in which 
the PR interval grows longer with each beat until the fourth atrial 
impulse fails to stimulate the ventricles, producing a ratio of four 
P waves to every three QRS complexes . 

-- site of M o b itz type I b l ock 

Mob itz type I second-degree AV b lock (Wenckebach b lock) . The PR i nterva ls 
become p rog ress ively longer  u nt i l  one QRS comp lex i s  d ropped . 

The diagnosis of Wenckebach block requires the progressive 
lengthening of each successive PR interval until one P wave fails 
to conduct through the AV node and is therefore not followed by 
a QRS complex. 
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Mobitz Type II Block 

Mobitz type II block is usually due to a block below the AV node in 
the His bundle. It resembles Wenckebach block in that some, but not 
all, of the atrial impulses are transmitted to the ventricles . However, 
progressive lengthening of the PR interval does not occur. Instead, 
conduction is an all-or-nothing phenomenon. The EKG shows two 
or more normal beats with normal PR intervals and then a P wave 
that is not followed by a QRS complex (a dropped beat) . The cycle 
is then repeated. The ratio of conducted beats to nonconducted 
beats is rarely constant, with the ratio of P waves to QRS complexes 
constantly varying, from 2: 1 to 3 :2  and so on. 

-- s ite of Mob itz type I I  b lock 

Mob itz type I I  second-degree AV b lock .  O n  th i s  EKG, each th i rd P wave 
i s  not fo l l owed by a QRS com p l ex (dropped beat) .  

The diagnosis of Mobitz type II block requires the presence 
of a dropped beat without progressive lengthening of the PR 
interval. 



A V B/ocks � 
Is It a Wenckebach Block or a Mobitz Type II Block ? 

Compare the electrocardiographic manifestations of Wenckebach 
block and Mobitz type II block on the following EKGs: 

A 

� 1 

B 

! . � 
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(A) Wenckebach b lock,  with p rog ressive lengthen i ng  of the PR i n terva l .  
(B) Mob itz type I I  b lock,  i n  wh ich  the P R  i n terva l i s  consta nt .  

Now that you are an expert, look at the following EKG. Is this an 
example of Wenckebach block or Mobitz type II block? 
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Well, it certainly is an example of second-degree heart block 
with a P wave-to-QRS complex ratio of 2 : 1 ,  but you were pretty 
clever if you realized that it is impossible to tell whether it is due to 
Wenckebach block or Mobitz type II block. The distinction between 
these two types of second-degree heart block depends on whether or 
not there is progressive PR lengthening; but with a 2 :  1 ratio in which 
every other QRS complex is dropped, it is impossible to make this 
determination. 

When circumstances permit a more accurate determination, the 
distinction between Wenckebach block and Mobitz type II second­
degree AV block is an important one to make. Wenckebach block 
is usually due to a conduction block high up in the AV node. It is 
typically transient and benign and rarely progresses to third-degree 
heart block (see next page) , which can be dangerous and even life 
threatening. 

Mobitz type II block is usually due to a conduction block below 
the AV node, somewhere in the His bundle. Although less common 
than Wenckebach block, it is far more serious, often signifying serious 
heart disease and capable of progressing suddenly to third-degree 
heart block. 

Whereas treatment is often not needed for Wenckebach block, 
Mobitz type II heart block often mandates insertion of a pacemaker. 

Here is a l itt le  tech n ica l esoterica that, u n less you p lan  to become a 

ca rd io log ist, you can probab ly safe ly ignore .  I n  cases of 2 : 1  second­

degree AV b lock, as shown on the prev ious page, there is a way to 

loca l ize the site of the b lock and  determ ine  how serious the prob lem 

may be .  Can  you th i n k  of how to do i t?  

H i s  bund le  e lectroca rd iog raphy, as descr i bed previous ly, wi l l  do the 

job .  A sma l l  e lectrode i ntrod uced i nto the reg ion of the H is bund le 

can identify whether the site of the b lock is above, with i n ,  or below 

the H i s  bund le  and  therefore can accu rate ly p red ict the patient's p rog­

nosis; that is, the l i ke l i hood of prog ress ion to th i rd-deg ree heart block. 
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Third-Degree AV Block 

Third-degree heart block is the ultimate in heart blocks . No atrial 
impulses make it through to activate the ventricles . For this reason, 
it is often called complete heart block. The site of the block can be 
either at the AV node or lower. The ventricles respond to this dire 
situation by generating an escape rhythm, usually an inadequate 30 to 
45 beats per minute (idioventricular escape) . The atria and ventricles 
continue to contract, but they now do so at their own intrinsic 
rates-about 60 to 1 00 beats per minute for the atria and 30 to 45 
beats per  minute for the ventricles . In complete heart block, the atria 
and ventricles have virtually nothing to do with each other, separated 
by the absolute barrier of the complete conduction block. We have 
already described this type of situation in our discussion of ventricular 
tachycardia: it is called A V  dissociation and refers to any circumstance 
in which the atria and ventricles are being driven by independent 
pacemakers . 
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The EKG in third-degree heart block shows P waves marching 
across the rhythm strip at their usual rate ( 60 to 1 00 waves per 
minute) but bearing no relationship to the QRS complexes that 
appear at a much slower escape rate . The QRS complexes appear 
wide and bizarre, just like premature ventricular contraction (PVCs) , 
because they arise from a ventricular source . 

Th i rd-deg ree AV b lock .  The P waves a ppear at reg u la r  i nterva ls ,  as do  
the QRS com p l exes, but they have noth i n g  to  do w i th  one another .  
The QRS com p l exes a re wide,  i m ply i ng  a ventr i cu l a r  or ig i n .  

With t h e  onset o f  th i rd-degree heart b lock,  there may b e  a de lay 

(o r even comp l ete a bsence) i n  the appearance of a ventr i cu l a r  

esca pe rhyth m .  The E KG wi l l  then show s i nu s  beats (P  waves) 

act ivat i ng  the atr ia with no ventr i cu l a r  act ivity at a l l  for two or more 

beats before e i ther  norma l  AV cond uction  resu mes or a ventr icu l a r  

esca pe rhythm f ina l ly appears .  When  there a re 4 or  more seconds  

w i thout  ventr i cu l a r  act iv ity, the pat ient usua l ly exper iences a near  or  

com p lete fa i nt .  These have been termed Stokes-Adams  attacks and 

a l m ost a lways req u i re a pacemaker  (see page 1 9 5) .  



A V B/ocks !� 
Although a ventricular escape rhythm may look like a slow run of 

PVCs (slow ventricular tachycardia) , there is one important difference: 
PVCs are premature, occurring before the next expected beat, and 
even the slowest VT will be faster than the patient's normal rhythm. 
A ventricular escape beat occurs after a long pause and is therefore 
never premature, and a sustained ventricular escape rhythm is always 
slower than the normal beats . PVCs, being premature intrusions, can 
be suppressed with little clinical consequence. A ventricular escape 
rhythm, however, may be lifesaving, and suppression could be fatal . 

A 

B 

(A) The th i rd beat is a PVC , occur ri ng  before the next a nt ic i pated 
norm a l  beat. (B) The th i rd ventr i cu l a r  comp lex occu rs late, after a 
p ro longed pause .  Th i s  is a ventr icu l a r  esca pe beat. 

The diagnosis of third-degree heart block requires the presence 
of AV dissociation in which the ventricular rate is slower than the 
sinus or atrial rate. 
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AV d i ssoc iat ion can a lso occu r  when there is a b lock h i gh  in the AV 

node, but i n  th i s  case, there is a n  acce le rated j u nctiona l  rhyth m to 

d rive the ventr ic les that is faste r than the s i nus  rhyth m .  Th is  s ituat ion 

ra rely requ i res a pacemaker .  It occu rs most often in pat ients u ndergo­

ing a n  acute i nfarct ion and those who have rece ived a n  overdose of 

a n  a nt ia rrhyth m ic med ication . 

Degenerative disease of the conduction system is the leading 
cause of third-degree heart block. It can also complicate an acute 
myocardial infarction. Pacemakers are virtually always required when 
third-degree heart block develops. It is a true medical emergency. 

A common cause of reversible complete heart block is Lyme disease. 
The heart block typically occurs within the AV node and is associated 
with a narrow QRS complex junctional escape rhythm. A stat Lyme 
titer can avoid the need for a permanent pacemaker. Treatment 
usually includes antibiotics and corticosteroids . 

Some forms of complete heart block develop prenatally (congenital 
heart block) , and these are often associated with an adequate and 
stable ventricular escape rhythm. Permanent pacemakers are only 
implanted in these children if there is clear-cut developmental 
impairment that can be attributed to an inadequate cardiac output. 



A V B/ocks � 

AV Bl ocks 

AV block is diagnosed by examining the relationship of the P waves 
to the QRS complexes . 

1 .  First degree: The PR interval is greater than 0 .2  seconds; all 
beats are conducted through to the ventricles . 

2 .  Second degree: Only some beats are conducted through to the 
ventricles . 

a. Mobitz type I (Wenckebach) : Progressive prolongation of the 
PR interval until a QRS is dropped 

b.  Mobitz type IL All-or-nothing conduction, in which QRS 
complexes are dropped without prolongation of the PR 
interval 
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3 .  Third degree: No beats are conducted through to the ventricles . 
There is complete heart block with AV dissociation, in which 
the atria and ventricles are driven by independent pacemakers . 

Note: D ifferent degrees of AV b lock can coexist i n  the same patient .  

Thus,  for exam p le ,  a pat ient can have both fi rst-degree and  Mob itz 

type I I  heart b lock .  B locks a l so can be tra ns ient-a patient may, for 

exam ple ,  at one po int  have a second-degree block that l ater p ro­

g resses to th i rd-deg ree b lock .  



Bundle Branch Block � 

Bundle Branch Block 

The term bundle branch block refers to a conduction block in either 
the left or right bundle branches . The following figure reviews the 
anatomy of the ventricular bundle branches . 

A Quick Review of Ven tricular Depola riza tion 

The normal sequence of ventricular activation should be familiar 
to you by now. The wave of depolarization sweeps out of the AV 
node and bundle of His into the bundle branch system. The right 
and left bundle branches deliver the current to the right and left 
ventricles, respectively. This is the most efficient means of dispersing 
the electrical current, and the resultant QRS complex, representing 
ventricular depolarization from start to finish, is narrow-less than 
0 . 1 0  seconds in duration.  Also,  because the muscle mass of the 
left ventricle is so much larger than that of the right ventricle, left 
ventricular electrical forces dominate those of the right ventricle, and 
the resultant electrical axis is leftward, lying between 0° and +90° .  

r ight bundle branch 

U---->l:'41-- septal fascicle 

left anterior fascic le 

The anatomy of the ventr i cu l a r  bund l e  branches .  
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Thus, with normal ventricular depolarization, the QRS complex 
is narrow, and the electrical axis lies between 0° and 90° .  All of this 
changes with bundle branch block. 

Bundle branch block is diagnosed by looking at the width and 
configuration of the QRS complexes. 

Right Bundle Branch Block 

In right bundle branch block, conduction through the right bundle is 
obstructed. As a result, right ventricular depolarization is delayed; it 
does not begin until the left ventricle is almost fully depolarized. This 
causes two things to happen on the EKG: 

I .  The delay in right ventricular depolarization prolongs the 
total time for ventricular depolarization. As a result, the QRS 
complex widens beyond O .  I 2  seconds . 

2 .  The wide QRS complex assumes a unique, virtually diagnostic 
shape in those leads overlying the right ventricle: VI and V2. 
The normal QRS complex in these leads consists of a small 
positive R wave and a deep negative S wave, reflecting the 
electrical dominance of the left ventricle. With right bundle 
branch block, you can still see the initial R and S waves as 
the left ventricle depolarizes, but as the right ventricle then 
begins its delayed depolarization, unopposed by the now fully 
depolarized and electrically silent left ventricle, the electrical 
axis of current flow swings sharply back toward the right. This 
inscribes a second R wave, called R' (pronounced "R prime") , in 
leads VI and V2. The whole complex is called RSR' 
("R-S-R prime") , and its appearance has been likened to 
rabbit ears . Meanwhile, in the left lateral leads overlying 
the left ventricle (I , a VL, V5 , and V6) , late right ventricular 
depolarization causes reciprocal late deep S waves to be 
inscribed. 



site of r ig ht 
bund le  bra nch b l ock 

V l  

V2 

V3 

Bundle Branch Block � 

V4 

. 1 

vs 

vs 

R ight  bund l e  branch b lock .  The QRS com p lex i n  lead V 1  shows the c lass ic  wide 
RSR' confi g u rat ion . Note, too,  the S waves i n  VS and  V6 .  
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Left Bundle Branch Block 

In left bundle branch block, it is left ventricular depolarization that is 
delayed. Again, there are two things to look for on the EKG: 

1 .  The delay in left ventricular depolarization causes the QRS 
complex to widen beyond 0 . 1 2  seconds in duration. 

2 .  The QRS complex in the leads overlying the left ventricle 
(I, a VL, VS , and V6) will show a characteristic change in 
shape. The QRS complexes in these leads already have tall R 
waves . Delayed left ventricular depolarization causes a marked 
prolongation in the rise of those tall R waves, which will either 
be broad on top or notched. True rabbit ears are less common 
than in right bundle branch block. Those leads overlying the 
right ventricle will show reciprocal, broad, deep S waves .  The 
left ventricle is so dominant in left bundle branch block that left 
axis deviation may also be present, but this is variable . 

. , 
V1 V4 

VS 

V6 

Left bund l e  branch b lock .  



Bundle Branch Block � 
Bundle Branch Block and Repolariza tion 

In both right and left bundle branch block, the repolarization 
sequence is also affected. 

In right bundle branch block, the right precordial leads will 
show ST segment depression and T wave inversion, just like the 
repolarization abnormalities that occur with ventricular hypertrophy. 

Similarly, in left bundle branch block, ST segment depression and 
T wave inversion can be seen in the left lateral leads . 

V6 

ST seg ment depress ion and  T wave i nvers ion i n  lead V6 i n  a pat ient 
with left bund l e  branch b lock .  
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Who Gets Bundle Branch Blocks ? 

Although right bundle branch block can be caused by diseases of 
the conducting system, it is also a fairly common phenomenon in 
otherwise normal hearts . 

Left bundle branch block, on the other hand, rarely occurs in 
normal hearts and almost always reflects significant underlying 
cardiac disease, such as degenerative disease of the conduction system 
or ischemic coronary artery disease. 

Critical Ra te 

Both right and left bundle branch block can be intermittent or 
fixed. In some individuals, bundle branch block only appears when 
a particular heart rate, called the critical rate, is achieved. In other 
words, the ventricles conduct normally at slow heart rates, but above 
a certain rate, bundle branch block develops. 

The development of a rate-related bundle branch block is directly 
related to the time it takes a particular bundle branch to repolarize 
and thus prepare itself for the next electrical impulse to arrive. If the 
heart rate is so rapid that a particular bundle branch cannot repolarize 
in time, there will be a temporary block to conduction, resulting in 
the classic EKG appearance of a rate-related bundle branch block. 

An exa m p l e  of cr it ica l rate ( lead V2) .  As the heart accele rates, the 
pattern of r i ght bund l e  branch b lock a p pears .  

The occurrence of rate-related bundle branch block depends 
on the same physiology that accounts for aberrant conduction of 
supraventricular arrhythmias (see page 1 48) , in which the aberrantly 
conducted supraventricular beat results from some portion of the 
bundle branch system failing to repolarize in a timely fashion. 
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Bu n d l e  Bra nch Bl ock 

Bundle branch block is diagnosed by looking at the width and 
configuration of the QRS complexes . 

Criteria for Right Bundle Branch Block 

1 .  QRS complex widened to greater than 0 . 1 2  seconds 

2. RSR' in Vl and V2 (rabbit ears) with ST segment depression 
and T wave inversion 

3. Reciprocal changes in V5 , V6, I ,  and a VL. 

Criteria for Left Bundle Branch Block 

1 .  QRS complex widened to greater than 0 . 1 2  seconds 

2. Broad or notched R wave with prolonged upstroke in leads 
V5 , V6, I ,  and a VL, with ST segment depression and T wave 
mvers10n 

3. Reciprocal changes in Vl and V2 

4 .  Left axis deviation may be present. 

Note: Because bund le  b ranch b lock affects the s ize and appear-

ance of R waves, the cr iter ia for ventri cu la r  hypertrophy d i scussed 

in C hapter 2 ca nnot be used if bund le b ranch b lock i s  present .  

Specif ica l ly, r ight  bund le branch b lock precl udes the d iagnos is of r ight 

ventr icu l a r  hypertrophy, and left bund l e  b ranch b lock prec ludes the 

d iagnosis of l eft ventr icu l a r  hypertrophy.  I n  add it ion ,  the d iagnos is of 

a myoca rd ia l  infa rction can be extremely d ifficu l t  in the presence of 

left bund le  b ranch b lock; we wi l l  see why i n  C hapter 6 .  
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Hemiblocks 

Here again is a picture of the ventricular conduction system. The left 
bundle branch is composed of three separate fascicles-the septal 
fascicle, the left anterior fascicle, and the left posterior fascicle. The 
term hemiblock refers to a conduction block of just one of these 
fascicles . The right bundle branch does not divide into separate 
fascicles; thus, the concept of hemiblock only applies to the left 
ventricular conducting system. 

Septal blocks need not concern us here. Hemiblocks of the anterior 
and posterior fascicles, however, are both common and important. 

-+------AV node 

\------ bundle of H is  

r ight  bundle branch 

,,.__,,.___ septal fascicle 

left ante rior fascicle 

left poste rior 
fascicle 

P u rki nje f ibers 

The ventr i cu l a r  conduct ion system .  The r ight  bund l e  branch rema i n s  
i ntact, whereas the left b u n d l e  branch d iv ides i nto th ree sepa rate 
fasc ic les .  



Hemiblocks � 
Hemiblocks Ca use Axis Devia tion 

The major effect that hemiblocks have on the EKG is axis deviation. 
Here is why. 

As shown on the previous page, the left anterior fascicle lies 
superiorly and laterally to the left posterior fascicle . With left anterior 
hemiblock, conduction down the left anterior fascicle is blocked. All the 
current, therefore, rushes down the left posterior fascicle to the inferior 
surface of the heart. Left ventricular myocardial depolarization then 
occurs, progressing in an inferior-to-superior and right-to-left direction. 

The axis of ventricular depolarization is therefore redirected 
upward and slightly leftward, inscribing tall positive R waves in the 
left lateral leads and deep S waves inferiorly. This results in left axis 
deviation in which the electrical axis of ventricular depolarization is 
redirected between -30° and +90° .  

Do you remember how to identify left axis deviation? The simplest 
method is to look at the QRS complex in leads I and a VF. The QRS 
complex will be positive in lead I and negative in lead a VF. However, 
this analysis will define a range from 0° to -90° .  Therefore, look at 
lead II ,  which is angled at +60°;  if its QRS complex is negative, then 
the axis must lie more negative than -30° .  

: ' jJ t 

site of left 

aVR 

, .,.riA ,.J\. Q) lead l 

I I  a VF 

+90° 
lead aVF v · : LI r : . 1 :  

I l l  aVL 

Left anter ior hem ib lock .  C u rrent f low down the left a nter ior fasc ic le  i s  b locked ; 
hence,  a l l  the cu rrent m u st pass down the poster ior fasc ic le .  The resu ltant ax is i s  
red i rected u pward and  leftward ( left ax is deviat ion) .  
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In left posterior hemiblock, the reverse occurs . All of the current 
rushes down the left anterior fascicle, and ventricular myocardial 
depolarization then ensues in a superior-to-inferior and left-to-right 
direction.  The axis of depolarization is therefore directed downward 
and rightward, writing tall R waves inferiorly and deep S waves in the 
left lateral leads . The result is right axis deviation (i. e. , the electrical 
axis of ventricular depolarization is between +90° and 1 80°) . The 
QRS complex will be negative in lead I and positive in lead a VF. 

aVR 

I I  aVL 

' ; 

1 80° 1------.11-----1 0° v 

+90° 
]\_ 

lead aVF 

lead I 

I l l  a VF 

Left poster ior  hem ib lock .  C u rrent f low down the left poste r ior fasc ic le  i s  b locked; 
hence,  a l l  the cu rrent m u st pass down the r ight an ter ior  fasc ic le .  The resu lta nt ax is  
i s  red i rected downward and r ig htward (r ight ax is deviat ion ) .  



Hemiblocks � 
Hemiblocks Do Not Prolong the QRS Complex 

Whereas the QRS complex is widened in complete left and right 
bundle branch block, the QRS duration in both left anterior 
and left posterior hemiblock is normal. (Actually, there is a very 
minor prolongation, but not enough to widen the QRS complex 
appreciably. )  There are also no ST segment and T wave changes. 

Left anterior hemiblock is far more common than left posterior 
hemiblock, possibly because the anterior fascicle is longer and thinner 
and has a more tenuous blood supply than the posterior fascicle. Left 
anterior hemiblock can be seen in both normal and diseased hearts , 
whereas left posterior hemiblock is virtually the exclusive province of 
sick hearts . 

Is hemiblock present in the following EKG? 

o:t I I  I 

aVR 

aVL 

I l l  a V F  

Left ax is dev iat ion g reate r than -30° i nd icates the p resence of left 
a nter ior  h e m ib lock .  
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Before settling on the diagnosis of hemiblock, it is always necessary 
to make sure that other causes of axis deviation, such as ventricular 
hypertrophy, are not present. In addition, as we shall discuss later, 
patients with certain clinical disorders, such as those with severe 
chronic lung disease, can develop right axis deviation. Nevertheless, 
for most individuals, if the tracing is normal except for the presence 
of axis deviation, you can feel reasonably confident that hemiblock is 
responsible. 

Criteria for Hemiblock 

Hemiblock is diagnosed by looking for left or right axis deviation. 

Left Anterior Hemiblock 

1 .  Normal QRS duration and no ST segment or T wave changes 

2. Left axis deviation between -30° and +90° 

3 .  No other cause of left axis deviation is  present. 

Left Posterior Hemiblock 

1 .  Normal QRS duration and no ST segment or T wave changes 

2. Right axis deviation 

3. No other cause of right axis deviation is present. 



Combining Right Bundle Branch Block and Hemiblocks � 
Combining Right Bundle Branch Block 
and Hemiblocks 

Right bundle branch block and hemiblocks can occur together. 
The term bifascicular block refers to the combination of either left 
anterior or left posterior hemiblock with right bundle branch block. 
In bifascicular block, only one fascicle of the left bundle branch is 
supplying electrical current to the bulk of both ventricles . The EKG 
findings include a combination of features of both hemiblock and 
right bundle branch block. 

Criteria for Bifascicular Block 

The features of right bundle branch block combined with left anterior 
hemiblock are as follows : 

Right Bundle Branch Block 

• QRS wider than 0 . 1 2  seconds 
• RSR' in VI and V2 . 

Left Anterior Hemiblock 

• Left axis deviation between 
-30° and +90° .  
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The features of right bundle branch block combined with left 
posterior hemiblock are as follows : 

site of r ight 
bund l e  branch b lock 

Right Bundle Branch Block 

• QRS wider than 0 . 1 2  seconds 

• RSR' in Vl and V2 . 

Left Posterior Hemiblock 

• Right axis deviation. 
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Combining Right Bundle Branch Block and Hemiblocks � 
Can you identify a bifascicular block on this EKG? 

aVR V1 V4 

, .  

aVL V2 vs 

a VF V3 V6 

This is an example of right bundle branch block combined with 
left anterior hemiblock. Note the widened QRS complex and rabbit 
ears in leads Vl and V2, characteristic of right bundle branch block, 
and the left axis deviation in the limb leads (the QRS complex is 
predominantly positive in lead I and negative in leads a VF and II) 
that suggests left anterior hemiblock. 
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Blocks That Underachieve 

Not every conduction block meets all the criteria for a bundle 
branch block or bifascicular block. These are extremely common and 
generally fall into two types : 

A nonspecific intraventricular conduction delay occurs when there is 
Q RS widening greater than 0 . 1 0  seconds without the usual criteria 
for either bundle branch block or bifascicular block. 

An incomplete bundle branch block occurs when the EKG tracing 
shows a left or right bundle branch appearance (e.g. , rabbit ears in Vl 
in right bundle branch block) but the QRS duration is between 0 . 1 0  
and 0 . 1 2  seconds . 

These conduction blocks are caused by the same disease processes 
that cause the other conduction blocks . 

I ncomp lete r ight  b u n d l e  branch b lock; the Q RS com p l ex is not widened,  but note 
the c lass ic  rabb i t  ears conf i g u rat ion in V 1 . 
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The Ultimate in Playing With Blocks: 
Combining A V  Blocks, Right Bundle 
Branch Block, and Hemiblocks 

Right bundle branch block, hemiblocks, and bifascicular blocks can 
also occur in combination with AV blocks . (Are you sure you're ready 
for this ?) Take a look at the following EKG and see if you can identify 
the different conduction blocks that are present. An orderly approach 
is essential. 

1 .  Is there any AV block? Look at the relationship between the P 
waves and QRS complexes . 

2 .  Is there any bundle branch block? Look in the precordial leads 
for wide QRS complexes with their distinctive configurations; 
are there any ST segment and T wave changes? 

3. Is there any hemiblock? Look for axis deviation. 
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Ill 

a V R  a V L  

V 1  V2 V3 

V4 vs V6 

This EKG shows 

1 .  first-degree AV block (the PR interval exceeds 0 .20 seconds) 

2. right bundle branch block (there are wide QRS complexes with 
rabbit ears in leads Vl through V 4) 

3 .  left anterior hemiblock (left axis deviation is present) . 



Pacemakers � 

Pacemakers 

Many pacemakers, both temporary and permanent, are inserted every 
year, and in the right circumstances they can relieve symptoms of 
inadequate cardiac output and prevent sudden death from complete 
conduction block or a tachyarrhythmia. Clinical evidence strongly 
supports their use in patients with 

• third-degree (complete) AV block 

• a lesser degree of AV block or bradycardia (e.g. ,  sick sinus syndrome) 
if the patient is symptomatic (especially in atrial fibrillation) 

• the sudden development of various combinations of AV block 
and bundle branch block in patients who are in the throes of an 
acute myocardial infarction (this situation usually only requires 
a temporary pacemaker that can be removed after the acute 
incident has resolved) 

• recurrent tachycardias that can be overdriven and thereby 
terminated by pacemaker activity. 

Pacemakers are nothing more than a power source controlled by a 
microchip and connected to electrodes . The power source is usually 
placed subcutaneously, and the electrodes are threaded into the right 
atrium and right ventricle through veins that drain to the heart. 
Pacemakers provide an alternate source of electrical stimulation for 
a heart whose own intrinsic source of electricity (the sinus node) or 
whose ability to conduct electrical current is impaired. 

Pacemaker technology has accelerated dramatically in recent years . 
Whereas early pacemakers were capable of firing only at a single 
predetermined rate (fixed rate pacemakers) no matter what the heart 
itself was doing, today's pacemakers are responsive to the moment­
to-moment needs of the heart. They are programmable in terms of 
sensitivity, rate of firing, refractory period, and so on. The present 
generation of pacemakers can even increase the heart rate in response 
to motion or increased respirations for those patients who cannot 
increase their own heart rate appropriately during activity, because of 
either disease of the sinus node or the effects of medications. 
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The most popular pacemaker today is a demand pacemaker. A 
demand pacemaker fires only when the patient's own intrinsic heart 
rate falls below a threshold level . For example, a demand pacemaker 
set at 60 beats per minute will remain silent as long as the patient's 
heart rate remains above 60 beats per minute. As soon as there is a 
pause between beats that would translate into a rate below 60, the 
pacemaker will fire. 

Pacemaker electrodes can be placed in the atrium or ventricle alone 
(single-chamber pacemakers) or, more commonly, in both chambers 
(dual-chamber pacemakers) . Dual-chamber pacemakers are also called 
A-V sequential pacemakers . In patients with third-degree heart block 
with an origin near the AV node, atrial pacemakers would be useless 
because their electrical impulses would fail to penetrate into the 
ventricles; instead, ventricular or A-V sequential pacemakers need to 
be used. 

(A) S ite of atr i a l  pacemaker  i m p l a ntat i on .  (B) Ventr i cu l a r  pacemaker .  
(C) Sequent ia l  pacemaker  with atr i a l  and  ventr icu l a r  leads .  



Pacemakers � 
When a pacemaker fires, a small spike can be seen on the EKG. 

With a ventricular pacemaker, the ensuing QRS complex will be wide 
and bizarre, just like a PVC. Because the electrodes are located in 
the right ventricle, the right ventricle will contract first and then the 
left ventricle. This generates a pattern identical to left bundle branch 
block, with delayed left ventricular activation. A retrograde P wave 
may or may not be seen . 

. ,, 

EKG from a pat ient with a ventr i cu l a r  pacemaker .  

An atrial pacemaker will generate a spike followed by a P wave and 
a normal QRS complex. 

EKG from a pat ient with an  atr ia l  pacemaker .  

With a sequential pacemaker, two spikes will be seen, one 
preceding a P wave and one preceding a wide, bizarre QRS complex. 

, I 

EKG from a pat ient with a seq uent ia l  pacemaker .  
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When used appropriately, pacemakers save lives. They can, 
however, be very dangerous even in the best of circumstances . The 
pacemaker spike itself always has the potential to induce a serious 
arrhythmia. For example, if a ventricular pacemaker should happen 
to fire mistakenly during the vulnerable period of ventricular 
repolarization (remember the R-on-T phenomenon?) , ventricular 
tachycardia can be induced. Fortunately, advancements in pacemaker 
design have made this a rare occurrence as long as the electrodes 
maintain good contact with the heart. 

Patients with impaired left ventricular function or congestive heart 
failure may not always benefit from a pacemaker inserted in the right 
ventricle (depicted in figures B and C on page 1 96) . Indeed, such 
a pacemaker may actually precipitate an episode of heart failure by 
overriding effective intrinsic electrical conduction and worsening 
ventricular contractile function .  Thus, a newer pacing option has 
been introduced for such patients in which a third electrode is 
threaded into the coronary sinus from the right atrium and passed 
into the lateral veins of the left ventricle where epicardial pacing 
enhances left ventricular conduction and reduces the symptoms of 
heart failure (see the following figure) . 

Another group of patients who may benefit from this type of 
pacemaker are those with left bundle branch block, which causes 
dysynchrony of the right ventricular and left ventricular contractions 
and in this way may impair ventricular function.  The left ventricular 
pacemaker can correct this faulty timing and again improve the 
patient's clinical situation. This so-called cardiac resynchronization 
therapy (CRT) has been shown to reduce rates of hospitalization 
and death in patients with class II and class III heart failure. CRT 
only benefits patients whose heart failure is associated with a wide 
QRS complex and left ventricular systolic dysfunction. Interestingly, 
however, the degree to which biventricular pacing narrows the QRS 
complex does not correlate with therapeutic benefit. 
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S ite of a n  ep icard i a l  pacemaker .  

I n  some pat ients, pacemaker sp i kes can be d iff i cu lt to see on a stan­

dard E KG beca use the i r  amp l itude may be less than 1 mV. If you a re 

exa m i n i n g  a n  EKG from a pat ient u n known to you that demonstrates 

wide QRS comp lexes and  left axis deviation ,  you m ust a lways suspect 

the presence of a pacemaker even if the t iny pacemaker  sp i kes can­

not be see n .  Obvious ly, exam i nat ion of  the pat ient or-if the pat ient 

is l uc id-a s imp le  question or  two wi l l  revea l  the presence or  a bsence 

of a n  e lectr ica l pacemaker .  



� 4 Conduction Blocks 

Sa l ly M .  works at you r  hosp ita l as a vo l u nteer .  One  day she  is i n structed 

to ta ke some i ntravenous  so l ut ions from the pha rmacy in the hosp ita l 

basement  to the i ntens ive ca re u n it on the th i rd f loor .  At the same 

t ime ,  you j u st happen to be sta n d i n g  at the th i rd f loor e levator, wa it i n g  

i m pat ient ly for a r i d e  down t o  t h e  cafeter i a .  W h e n  t h e  e l evator door 

opens ,  you fi n d  Sa l ly co l la psed on the f loor .  A q u ick p u rv iew of her  vita l 

s i gns  revea l s  that she  appea rs hemodynam ica l ly stab l e .  You g ra b  a g u rney 

that is conven i ent ly pa rked nea rby a n d  rush her  i nto the i ntens ive ca re 

u n it .  

O n  the way to the u n it you try ta l k i n g  to her .  She i s  confused a n d  

d isor iented ,  a n d  you not ice that she  h a s  been i ncont inent .  I n  t h e  i ntens ive 

ca re u n it ( IC U) ,  th i s  rhythm str ip  is  obta i n e d :  
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Does th i s  rhythm str ip  te l l  you what ha ppened to Sa l ly on the e l evato r? 

I n  a word , no.  The rhythm str ip  revea l s  a modest s i nu s  tachyca rd i a ,  

fi rst-deg ree AV b lock,  and  the ra bb i t  ea rs of  r ight  bund le  b ranch  b lock .  

Noth i n g  here ca n acco u nt for he r  co l l a pse . Had  you fou n d  s i gn ifi cant  

b radyca rd i a ,  a ventr icu l a r  a rrhyth m ia ,  o r  a n  adva nced deg ree of heart 

b lock,  you wou l d  certa i n ly have ca use to suspect the p resence of Stokes­

Adams  syncope, that i s ,  a sudden fa i nt from i nadequate ca rd iac  output .  

The per iod of d i sor ientat ion fo l l owi n g  he r  co l l a pse i s  a l so not typ ica l  of 

Stokes-Adams syncope but  i s  typ ica l  of the post icta l state seen afte r a 

se izu re . 

About 1 5  m i n utes after her  co l l a pse, Sa l ly 's menta l state has  retu rned 

to norma l ,  and she i s  a nx ious to retu rn to work .  You a re ab le to per­

suade her  that a short stay in  the ICU for observat ion wou l d  be a good 

idea . Cont i n ua l  ca rd iac  mon itor i ng  revea l s  no s i gn if ica nt a rrhyth m ias or 

cond uct ion b locks, but  a magnet ic reson a nce imag i n g  (M RI )  of he r  head 

does revea l a proba b le  men i ng i oma .  It i s  l i ke ly,  therefore, that S a l ly d i d  



Pacemakers � 

suffer a se izu re ca used by a n  expa n d i n g  (but  fortunately not ma l i g na nt) 

b ra i n  les ion . The men i ng ioma is exc ised without com p l i cat ion ,  and  severa l 

months  later,  you see Sa l ly happ i ly p ly i ng  her  trade once aga i n ,  a joyfu l  

rem i nder  to  a l l  t ha t  perform i n g  a service for othe rs is  the su rest way to 

ach ieve true sat isfact ion in l i fe . 
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Jonathan  N . ,  d ressed in a magn if icent th ree-p iece bespoke s u it and  wea r­

i n g  hand -sewn shoes whose cost cou l d  fund  an overseas med ica l  c l i n i c  

f o r  a m o n t h ,  i s  t h e  ch ief execut ive off icer o f  a l a rge  i nvestment fi rm,  a 

pos i t ion he  descr i bes as " more stressfu l than  a nyth i n g  you ,  my fr i end ,  

cou l d  ever i m a g i n e . " He  i s  new to  you r  p ractice a n d  te l l s you  that  he 

has  recent ly been suffer i ng  f rom some exert iona l  shortness of b reath 

but  does n 't have t ime for " a l l  the nonsense of a h i sto ry and physica l . "  

H e  i ns i sts that you s im ply run  a n  E KG and  te l l  h i m  if  h e  is  havi ng  a heart 

attack .  Ta k i ng  a deep breath a n d  tryi n g  not to ro l l  you r  eyes too obvi­

ous ly, you hook h i m  up to you r  E KG mach i n e .  The 1 2 - lead E KG does not 

show any acute ischem ia ,  but  lead V 1  does show th i s :  

What  do you  see, what  do you i nfer, and  what  do you  do?  

The most str i k i ng  f i n d i n g  i s  the process ion  of  pacemaker  sp i kes 

ma rch i n g  across the E KG bea r i ng  no re lat ion whatsoever to the P waves 

and  QRS comp lexes . The pacemaker  i s  fa i l i n g  to captu re the hea rt .  You 

ca n i nfer a heart h isto ry that req u i red the pacemaker  i n  the fi rst p l ace .  

Beca use the rate and  rhythm appea rs t o  be otherwise we l l  ma i nta i ned ,  i t  

i s  not a t  a l l  c l e a r  that th i s  consu m m ate execut ive ' s  shortness o f  b reath i s  

re l ated to the fa i l u re of the pacemaker  to adeq uately captu re and  d r ive 

the heart .  What you do, of cou rse, i s  now i n s ist on a ca refu l h i story and  

phys ica l  to  g u ide you r  next move (You wi l l  not be not su rpr ised to  learn 

that he  has  a h i story of h igh deg rees of AV b lock and  a pr ior  myoca rd i a l  

i nfa rct ion ) .  



Preexcitation 
Syndromes 

In this chapter you will learn: 

J I what ha ppens when e l ectr ica l cu rrent is conducted to the ventr ic les 

more ra p i d ly than usua l  

2 I what  a n  accessory pathway i s  

3 
4 
5 

I that Wolff- Pa rk inson-Wh ite and  Lown-Ganong-Lev i ne  a re not the 

names of  law f i rms 

I why accessory pathways pred ispose to a rrhyth m ias 

I about the case of Winston T . ,  a preexcitab/e person a l i ty .  

203 I 
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What Is Preexcitation ? 

In the last chapter, we discussed what happens when conduction from 
the atria to the ventricles is delayed or blocked. This chapter presents 
the other side of the coin : what happens when the electrical current is 
conducted to the ventricles more quickly than usual. 

How can such a thing happen? 
With normal conduction, the major delay between the atria and 

the ventricles is in the atrioventricular (AV) node, where the wave of 
depolarization is held up for about 0 . 1 second, long enough for the 
atria to contract and empry their content of circulating blood into the 
ventricles . In the preexcitation syndromes, there are accessory pathways 
by which the current can bypass the AV node and thus arrive at the 
ventricles ahead of time. 



Wha t  Is Preexcita tion ? � 
A number of different accessory pathways have been discovered. 

Probably fewer than 1 % of individuals possess one of these pathways . 
There is a decided male preponderance. Accessory pathways may 
occur in normal healthy hearts as an isolated finding, or they may 
occur in conjunction with mitral valve prolapse, hypertrophic 
cardiomyopathies , and various congenital disorders . 

There are two major preexcitation syndromes : Woljf-Parkinson­
White (WPw,) syndrome and Lown-Ganong-Levine (LGL) syndrome. 
They are both easily diagnosed on the EKG. In both syndromes, 
the accessory conduction pathways act as short circuits, allowing the 
atrial wave of depolarization to bypass the AV node and activate the 
ventricles prematurely. 
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Wolff-Parkinson- White Syndrome 

In WPW syndrome, the bypass pathway has been named the bundle 
of Kent. It is a discrete aberrant conducting pathway that connects the 
atria and ventricles .  It can be left sided (connecting the left atrium 
and left ventricle) or right sided (connecting the right atrium and 
right ventricle) . 

Premature ventricular depolarization through the bundle of Kent 
causes two things to happen on the EKG: 

1 .  The PR interval, representing the time from the start of atrial 
depolarization to the start of ventricular depolarization, is 
shortened. The criterion for diagnosis is a PR interval less than 
0. 12 seconds. 

2. The QRS complex is widened to more than 0 . 1 second. Unlike 
bundle branch block, in which the QRS complex is widened 
because of delayed ventricular activation, in WPW it is widened 
because of premature activation. The QRS complex in WPW 
actually represents a fusion beat: most of the ventricular 
myocardium is activated through the normal conduction 
pathways, but a small region is depolarized early through 
the bundle of Kent. This small region of myocardium that is 
depolarized early gives the QRS complex a characteristic slurred 
initial upstroke called a delta wave. A true delta wave may be 
seen in only a few leads, so scan the entire EKG. 



Wolff-Parkinson-White Syndrome � 

bund le  of kent 

Delta wave Delta wave 

WPW syndrome.  C u rrent is he ld  up by the norma l  de lay at the AV node but races 
u n i m peded down the b u n d l e  of Kent. The EKG shows the short PR  i n terva l and  
de lta wave . 
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Lown-Ganong-Levine Syndrome 

In LGL syndrome, the accessory pathway (called James fiber) is 
effectively intranodal. The accessory pathway bypasses the delay 
within the AV node. All ventricular conduction occurs through 
the usual ventricular conduction pathways; unlike WPW, there 
is no small region of ventricular myocardium that is depolarized 
independently of the rest of the ventricles. Therefore, there is no 
delta wave, and the QRS complex is not widened. The only electrical 
manifestation of LGL is a shortening of the PR interval as a result of 
the accessory pathway bypassing the delay within the AV node. 
The criteria for the diagnosis of LGL are as follows : 

• The PR interval is shortened to less than 0 . 1 2  seconds . 

• The QRS complex is not widened. 

• There is no delta wave. 

In LG L synd rome,  the PR i nterva l is short, but  there is no de lta wave . 
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Associated Arrhythmias 

In many individuals with WPW or LGL, preexcitation poses few, 
if any, clinical problems . However, preexcitation does predispose to 
various tachyarrhythmias . This predisposition has been most clearly 
documented in WPW, where it is estimated that 50% to 70% of 
individuals experience at least one supraventricular arrhythmia. 

The two tachyarrhythmias most often seen in WPW are paroxysmal 
supraventricular tachycardia (PSVT) and atrial fibrillation. 

A 

B 

(A) Pa roxysma l  s up raventr i cu l a r  tachyca rd i a .  (B) Atr i a l  f ib r i l l at ion .  
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Paroxysmal  Supra ven tricular Tachycardia in WPW 

In normal hearts , PSVT usually arises through a reentrant 
mechanism. The same is true in WPW In fact, the presence of an 
accessory bundle-an alternate pathway of conduction-is the perfect 
substrate for reentry. Here is how it works . 

We have already seen how, in WPW, a normal beat generates a QRS 
complex that is a fusion of two waves, one conducted through the 
bundle of Kent (the delta wave) and one through the AV node and 
along the normal pathway of conduction. Although the bundle of Kent 
usually conducts current faster than the AV node, it also tends to have 
a longer refractory period once it has been depolarized. What happens, 
then, if a normal sinus impulse is followed abruptly by a premature 
atrial beat? This premature beat will be conducted normally through 
the AV node, but the bundle of Kent may still be refractory, blocking 
conduction through the alternate route. The wave of depolarization 
will then move through the AV node and into the bundle branches 
and ventricular myocardium. By the time it encounters the bundle 
of Kent on the ventricular side, it may no longer be refractory, and 
the current can pass back into the atria. It is then free to pass right 
back down through the AV node, and a self-sustaining, revolving 
reentrant mechanism has been established. The result is PSVT. The 
QRS complex during the arrhythmia is narrow because ventricular 
depolarization occurs through the normal bundle branches . 

A B 

The format ion of a reentry c i rcu i t  i n  WPW synd rome .  A p rematu re 
atr i a l  beat sends cu rrent down the norma l  conduct ion pathways but 
not th rough  the refractory bund l e  of Kent (A) .  C u rrent then c i rc les 
back th ro u g h  the b u n d l e  of Kent, which i s  no longer refracto ry to 
cond uct ion ,  to fo rm a comp lete reentra nt c i rcu it (B) . 
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Less commonly, the reentrant mechanism circles the other way; 

that is, down the bundle of Kent and back up through the AV node. 
The result, again, is PSVT, but now the QRS complex is wide and 
bizarre because ventricular depolarization does not occur along the 
normal bundle branches . This arrhythmia may be indistinguishable 
from ventricular tachycardia on the EKG.  

A second type o f  reentry c i rcu i t  i n  WPW syndrome .  C u rrent moves 
a nteg rade down the bund l e  of Kent and  then retrog rade through the 
AV node,  estab l i s h i ng  an  i ndependent revo lv ing c i rcu i t .  
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Wide-co m p lex PSVT i n  WPW synd rome .  

You may recall that the "usual" form of PSVT in normal hearts i s  
most often caused by a reentry loop within the AV node. Here, in 
WPW, because the reentrant loop reciprocates between the atria and 
ventricles, the PSVT is more accurately termed AV reciprocating 
tachycardia. When the tachycardia activates the ventricles in an 
antegrade manner through the AV node, generating a narrow QRS 
complex, the arrhythmia is further subcategorized as an orthodromic 
tachycardia (the prefix ortho is intended to convey the meaning of 
correct, or orthodox) . Reciprocating tachycardias that activate the 
ventricles through the accessory pathway, generating a wide QRS 
complex, are subcategorized as antidromic tachycardia. 

In 1 0% to 1 5% of patients with WPW, there is more than one 
accessory pathway, permitting the formation of multiple reentry loops 
as the current passes up and down through the different Kent bundles 
and the AV node. 
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Atrial Fibrilla tion in WPW 

Atrial fibrillation, the other arrhythmia commonly seen in WPW, 
can be particularly devastating. The bundle of Kent can act as a free 
conduit for the chaotic atrial activity. Without the AV node to act 
as a barrier between the atria and ventricles, ventricular rates can 
rise as high as 300 beats per minute. The precise rate will depend 
on the refractory period of the bundle of Kent. This rapid atrial 
fibrillation has been known to induce ventricular fibrillation, a 
lethal arrhythmia. Fortunately, this lethal form of atrial fibrillation 
is rare in WPW, but it must be considered a diagnostic possibility 
in patients who have been resuscitated from an episode of sudden 
death or syncope and are found to have preexcitation on their 
cardiograms. 

Two exa m p les of  atr i a l  f i b r i l l at ion i n  WPW syndrome .  The ventr icu l a r  
rate i s  extreme ly fast. 

Mapping the aberrant pathways in patients with WPW can be 
accomplished during EPS , and has become routine in affected 
patients who are symptomatic or have documented arrhythmias . 



� 5 Preexcitation Syndromes 

During the mapping procedure, the atrial-ventricular connection can 
be ablated, thereby resolving the problem. 

Pat ients with WPW do have an  i nc reased r isk of sudden death , 

but  th is  is on ly very ra rely the p resent ing featu re, a l lowi ng t ime for 

successfu l  c l i n ica l  i ntervent ion before an ep isode of sudden death can 

occur .  The overa l l  p rognos is today for pat ients with WPW is exce l lent .  
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Preexcitat i on 

The diagnosis of preexcitation is made by looking for a short PR 
interval . 

Criteria for WPW Syndrome 

1 .  PR interval less than 0 . 1 2  seconds 

2. Wide QRS complexes 

3 .  Delta wave seen in some leads . 

Criteria for L GL Syndrome 

1 .  PR interval less than 0 . 1 2  seconds 

2. Normal QRS width 

3. No delta wave. 

Arrhythmias commonly seen include the following: 

1 .  Paroxysmal supraventricular tachycardia-narrow QRS 
complexes are more common than wide ones . 

2 .  Atrial fibrillation-can be very rapid and rarely can lead to 
ventricular fibrillation. 

Because the presence of a n  accessory pathway i n  WPW a l ters the 

vectors of cu rrent f low to at least some degree, you can n ot assess 

axis or  amp l itude with any prec is ion ,  and  hence a ny attem pt to deter­

m i ne  the presence of ventr icu l a r  hypertrophy or bund le  b ranch b lock 

is bou n d  to be u n re l i ab le .  
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Winston T . ,  a you n g  b iochem ica l  eng i neer, is b rought  to the emergency 

room by h is wife . Du r i ng  d i n ner, he beca me l i g ht-headed and  nauseated 

(not an u ncom mon event d u r i ng  d i n ner  at the Winston househo ld ,  but the 

sever ity of the sym ptoms prom pted concern) . 

I n  the emergency room ,  Winston den ies any  chest pa i n  or shortness of 

b reath . 

The med ica l  student who is the fi rst to exa m i n e  h i m  has seen j u st 

enough  pat ients to fee l overconf ident i n  h i s  d i agnostic a b i l i t ies . Ti red a n d  

overworked, he  l i stens  t o  Winston ' s  story and  i s  ready t o  s e n d  Winston 

home with a d i ag nos is  of food po iso n i n g  when an astute n u rse takes the 

troub l e  to put a hand  on  Wi nston ' s  p u lse and d iscovers it i s  extreme ly  

ra p i d .  An EKG revea l s :  

D i straught  by h i s  care lessness, the med ica l  student  becomes somewhat 

pa l l i d  h i mse lf .  The emergency room doctor ta kes over, g l a nces at the 

rhythm stri p and  i m med iate ly orders a dose of i ntravenous  adenos i ne .  The 

tachyca rd ia  b rea ks at once,  and the new rhythm str ip  l ooks l i ke th i s :  

C a n  you  match the emergency room doctor 's heady acumen w i th  e rud it ion 

of you r  own and  fi g u re out exactly what has  happened?  
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Winston has  WPW synd rome .  Th is  is rea d i ly apparent  from the second  

EKG ,  wh ich  revea l s  the cha racter ist ic short PR  i n te rva l ,  de lta wave, and  

p ro longed O RS com p lex.  The  i n it i a l  str i p  shows the typ ica l  n a rrow ORS  

comp lex PSVT that  ca n occu r  i n  these i n d iv id ua l s .  The rap id  tachyca rd i a  

was  respons ib l e  fo r  W inston ' s  sym ptoms,  not h i s  unde rcooked Corn i sh  

game hen . 

I ntravenous  adenos ine ,  a potent AV node b lock i ng  agent with a ha lf­

l i fe of less than  1 0  seconds ,  i s  extremely effective at b rea k i ng  reentra nt 

tachyca rd ias that i nvolve the AV node.  Th i s  was Winston 's fi rst attack,  

and beca use most pat ients with WPW have o n ly i nfrequent  ep i sodes of 

tachyca rd ia ,  ch ron ic  a nt ia rrhythm i c  thera py is  n ot i n d icated at th is  t ime .  

As  for what  beca me of  the med ica l  student, he  learned from h i s  

h u m i l i at i ng  exper ience and  went on  to  become a mode l  o f  thoroug h ness 

and  eff ic iency, eventua l ly g rad uat i ng  at the top of h i s  c lass .  He a lso has  

never forgotten the fi rst ru l e  of  med i c i ne :  always ta ke the vita l s igns .  

There i s  good reason why they a re ca l l ed " v ita l . "  





Myocardial lschemia 
and Infarction 

In this chapter you will learn: 

1 I the th ree th ings  that happen to the E KG d u ri ng  a myoca rd i a l  i nfa rct ion 

(T wave pea k ing  and i nvers ion ,  ST seg ment e levation ,  and the appear­

a nce of new Q waves) 

2 I how to d isti n g u i sh  norma l  Q waves from the Q waves of i n fa rct ion  

3 I how the EKG ca n loca l ize a n  i n fa rct to a part i c u l a r  reg ion of  the hea rt 

4 I the d iffe rence between Q wave a n d  non-Q wave i nfa rct ions  

5 I how the E KG changes d u ri n g  a n  attack of a n g i n a  (ST seg ment 

depress ion  and T wave i nvers ion)  

6 I how to d isti n g u i sh  typ ica l  a n g i n a  f rom Pr inzmeta l ' s (vasospast ic) 

a n g i n a  on  the E KG 

7 I the va l ue of stress test i ng  i n  d i agnos i ng  corona ry a rtery d i sease 

8 I a bout the case of Joan L. ,  a woma n  with an acute i nfa rct ion a n d  a 

n u m ber  of com p l icat ions  req u i r i n g  you r  acute attention . 

2 1 9  I 
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What Is a Myocardial Infarction ? 

A myocardial infarction, or "heart attack, '' occurs when one of the 
coronary arteries becomes totally occluded. The region of myocardium 
supplied by that particular coronary artery loses its blood supply and, 
deprived of oxygen and other nutrients, dies. The underlying pathogenesis 
in almost all cases is progressive narrowing of the coronary arteries by 
atherosclerosis. The sudden, total occlusion that precipitates infarction is 
usually due to superimposed thrombosis or coronary artery spasm. 

Occl us ion of a corona ry a rtery ca n lead to i nfarct ion of the reg ion of 
myocard i u m  that i s  dependent on that a rte ry fo r its b lood supp ly .  
(A) The coronary a rtery i s  g ra d u a l ly nar rowed by atherosc le rotic p l aque .  
(B) I nfa rct ion  can be caused by a n  acute th rombus  super im posed on 
the u nder ly i ng  p l aque .  
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How to Diagnose a Myocardial Infarction 

There are three components to the diagnosis of a myocardial 
infarction: ( 1 )  history and physical examination; (2) cardiac enzyme 
determinations; and (3) the EKG.  

History and Physical Examination. When a patient presents with 
the typical features of infarction-prolonged, crushing substernal chest 
pain radiating to the jaw, shoulders, or left arm, associated with nausea, 
diaphoresis, and shortness of breath-there can be little doubt about 
the diagnosis . However, many patients, especially those with diabetes 
mellitus and elderly individuals, may not manifest all of these symptoms. 
It is estimated that up to one-third of myocardial infarctions are "silent"; 
that is, they are not associated with any overt clinical manifestations at all. 

Cardiac Enzymes. Dying myocardial cells leak their internal 
contents into the bloodstream. Elevated blood levels of creatine kinase 
(CK) , particularly the MB isoenzyme, are strongly indicative of an 
infarction and have long been a mainstay of diagnosis. However, 
for several reasons, elevated levels of the cardiac troponin enzyme 
have, if not supplanted CK levels, at least begun to occupy a more 
prominent role in the laboratory diagnosis of myocardial infarction. 
Troponin enzyme determinations (either for troponin I or troponin 
T) , especially the newer high-sensitivity assays, are very sensitive and 
specific for myocardial infarction.  Troponin levels rise earlier than 
the CK-MB isoenzyme (within 2 to 3 hours) and may stay elevated 
for several days . CK levels do not usually rise until 6 hours after an 
infarction and return to normal within 48 hours . 
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I n trace l l u l a r  enzymes a re re leased by the dyi n g  myocard i a l  ce l l s  after 
com p lete corona ry occ lus ion  resu l t i ng  i n  acute i n fa rction . 

The EKG. In most infarctions, the EKG will reveal the correct 
diagnosis. Characteristic electrocardiographic changes accompany 
myocardial infarction, and the earliest changes occur almost at 
once with the onset of myocardial compromise. An EKG should be 
performed immediately on anyone in whom an infarction is even 
remotely suspected. However, the initial EKG may not always be 
diagnostic, and the evolution of electrocardiographic changes varies 
from person to person; therefore, it is necessary to obtain serial 
cardiograms once the patient is admitted to the hospital . 



A 

Ho w to Diagnose a Myocardial Infarction � 
During an acute myocardial infarction, the EKG evolves 

through three stages: 

1 .  T wave peaking followed by T wave inversion (A and B, below) 

2 .  ST segment elevation ( C) 
3 .  Appearance of new Q waves (D) . 

B c D 

(A) T wave peak i ng ,  (B) T wave i nvers ion ,  (C) ST seg ment e levat ion ,  (O) 
format ion of a new Q wave . 

Although  the E KG does typ ica l ly evo lve through  these th ree stages 

d u ri ng  a n  acute i nfa rction ,  a ny one of these changes may be present 

without any of the others .  Thus, for exam p le ,  it i s  not at a l l  u n usua l  

to  see  ST segment e levat ion without T wave i nvers io n .  I n  add i t ion ,  

many myocard i a l  i nfa rct ions do not generate Q waves (to be 

d i scussed l ater i n  this chapter) . Neverthe less, learn to recogn ize each 

of these th ree changes, keep you r  susp ic ion of myoca rd ia l  i nfarct ion 

h i gh ,  and  you wi l l  a lmost never go wrong .  
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The T Wa ve 

With the onset of infarction, the T waves become tall and narrow, a 
phenomenon called peaking. These peaked T waves are often referred 
to as hyperacute T waves. Shortly afterward, usually a few hours later, 
the T waves invert. 

I / 

I 
' 

" 

A B v 
(A) T wave peak i ng  i n  a pat ient u ndergo ing  acute i nfa rctio n .  (B) The 
same lead i n  a pat ient 2 hou rs later shows T wave i nvers io n .  

These T wave changes reflect myocardial ischemia, the lack of 
adequate blood flow to the myocardium. 

Ischemia is potentially reversible: if blood flow is restored or the 
oxygen demands of the heart are eased, the T waves will revert to normal. 
On the other hand, if actual myocardial cell death (true infarction) has 
occurred, T wave inversion will persist for months to years. 

T wave inversion by itself is indicative only of ischemia and is not 
diagnostic of myocardial infarction. 
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T wave inversion is a very nonspecific finding. Many things can 

cause a T wave to flip; for example, we have already seen that both 
bundle branch block and ventricular hypertrophy with repolarization 
abnormalities are associated with T wave inversion. 

One helpful diagnostic feature is that the T waves of myocardial 
ischemia are inverted symmetrically, whereas in most other 
circumstances they are asymmetric, with a gentle downslope and 
rapid upslope. 

I 1 

' -

A B 

(A) The sym metr ic T wave i nvers ion  i n  a pat ient with ische m i a .  
(B) An exa m p l e  o f  asym metr ic T wave i nvers ion  i n  a pat ient with left 
ventr i cu l a r  hypertrophy a n d  repo la r izat ion abnorma l i t ies .  

In patients whose T waves are already inverted, ischemia may cause 
them to revert to normal, a phenomenon called pseudonormalization. 
Recognition of pseudonormalization requires comparing the current 
EKG with a previous tracing. 
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The ST Segment 

ST segment elevation is the second change that occurs acutely in the 
evolution of an infarction. 

' 
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A B 

Two exa m p les of ST seg ment e levation  d u r i ng  an acute i nfa rct i o n :  
(A) Without T wave i nvers ion and  (B) w i t h  T wave i nvers ion . 

ST segment elevation signifies myocardial injury. Injury probably 
reflects a degree of cellular damage beyond that of mere ischemia, but 
it, too, is potentially reversible, and in some cases, the ST segments 
may rapidly return to normal. In most instances, however, ST segment 
elevation is a reliable sign that true infarction has occurred and that 
the complete electrocardiographic picture of infarction will evolve 
unless there is immediate and aggressive therapeutic intervention. 

Even in the setting of a true infarction, the ST segments usually 
return to baseline within a few hours .  Persistent ST segment elevation 
often indicates the formation of a ventricular aneurysm, a weakening 
and bulging of the ventricular wall . 

Like T wave inversion, ST segment elevation can be seen in a 
number of other conditions in addition to an evolving myocardial 
infarction-the most common of these are listed on page 248 and are 
addressed in Chapter 7. There is even a type of ST segment elevation 
that can be seen in normal hearts . This phenomenon has been 
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referred to as early repolarization (actually a physiologic misnomer) or 
] point elevation (a much better term) . The ] point, or junction point, 
is the place where the ST segment takes off from the QRS complex. 

' I 
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Two exa m p les of J po i nt e l evatio n .  

J point elevation i s  very common in young, healthy individuals . The 
ST segment usually returns to baseline with exercise. J point elevation 
has long been thought to have no pathologic implications . However, 
some research has reported a slightly increased risk of death from 
cardiac causes in patients with J point elevation in the inferior leads. 

How can the ST segment elevation of myocardial injury be 
distinguished from that of J point elevation? With myocardial injury, 
the elevated ST segment has a distinctive configuration. It is bowed 
upward and tends to merge imperceptibly with the T wave. In J point 
elevation, the T wave maintains its independent waveform. 

•11111 1 111111 1 1 1 1•111 1 1 1 
ST seg ment e levation  d u r i n g  a n  i nfa rctio n .  Note how the ST segment 
a n d  T wave merge i nto each other  without a c lear  demarcat ion  
between them . 



� 6 Myocardial lschemia and I nfarction 

Q Wa ves 

The appearance of new Q waves indicates that irreversible myocardial 
cell death has occurred. The presence of Q waves is diagnostic of 
myocardial infarction. 

A B 

(A) Lead I l l  i n  a hea lthy pat ient .  (B) The sam e  lead i n  the same pat ient 
2 weeks after u n dergo ing  a n  i nfer io r  myoca rd i a l  i nfa rct ion . Note the 
deep Q wave . 

Q waves usually appear within several hours of the onset of 
infarction, but in some patients they may take several days to evolve . 
The ST segment usually has returned to baseline by the time Q waves 
have appeared. Q waves usually persist for the lifetime of the patient. 



Why Q Wa ves Form 

Ho w to Diagnose a Myocardial Infarction � 

The genesis of Q waves as a sign of infarction is easy to understand. 
When a region of myocardium dies, it becomes electrically silent-it 
is no longer able to conduct an electrical current. As a result, all of 
the electrical forces of the heart will be directed away from the area of 
infarction. An electrode overlying the infarct will therefore record a 
deep negative deflection, a Q wave. 

_]\_ 
lead I -.....r­

l ead  I 

(A) Norma l  l eft ventr i cu l a r  depo la r izat ion  with the a rrow showi n g  the 
e lectr ica l ax is .  Note the ta l l  R wave in  lead I .  (B)  The l atera l wa l l  of the 
left ventr ic le  has  i nfa rcted and,  as a resu lt, i s  now e lectr i ca l ly s i lent .  The 
e lectr ica l ax is therefore sh ifts r ig htwa rd , away from lead I ,  wh ich  now 
shows a negat ive deflect ion (Q wave) . 
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Reciprocal Changes 

Other leads, located some distance from the site of infarction, will 
see an apparent increase in the electrical forces moving toward them. 
They will record tall positive R waves .  

These opposing changes seen by distant leads are called reciprocal 
changes. The concept of reciprocity applies not only to Q waves but 
also to ST segment and T wave changes. Thus, a lead distant from an 
infarct may record ST segment depression. 

I I  V3 
Rec i p roca l cha nges i n  an i nfer ior  i nfarct ion . The acute ST e l evat ion  and  
T wave peak i ng  i n  l e ad  I I  i s  echoed by  the ST  depress ion and  T wave 
i nvers ion in lead V3 . 
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Normal Versus Pa thologic Q Wa ves 

Small Q waves can be seen in the left lateral leads (I, aVL, V5 , and 
V6) and occasionally in the inferior leads (especially II and III) 
of perfectly normal hearts . These Q waves are caused by the early 
left-to-right depolarization of the interventricular septum. 

Pathologic Q waves signifying infarction are wider and deeper. They 
are often referred to as significant Q waves. The criteria for significance 
are the following: 

1 .  The Q wave must be greater than 0 .04 seconds in duration. 

2 .  The depth of the Q wave must be at least one-third the height 
of the R wave in the same QRS complex. 

lJ 
A 

An exa m p l e  of a s i gn if icant Q wave . Its width (A) exceeds 0 . 04 
seconds ,  and  its depth (B) exceeds one-th i rd that of the R wave . 

Note: Beca use lead aVR occup ies a u n i que  pos i t ion on  the fronta l 

p l a ne ,  it norma l ly has a very deep Q wave . Lead aVR shou l d  not be 

cons idered when assess i ng  poss ib l e  i n fa rction . 



� 6 Myocardial lschemia and I nfarction 

Are the following Q waves significant? 

- ' 
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a V R  

,.,. 

V2 a VF 

Answers : The Q waves i n  leads I and aVF a re s i gn if icant .  The Q wave in 
lead V2 i s  too sha l low and na rrow to q u a l ify (don't confuse the t iny 
Q wave with the l a rge S wave) .  The Q wave in lead aVR i s  i m m ense, 
but  Q waves i n  aVR a re never s i gn if ica n t !  
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The E KG C h a nges of a n  Evolvi ng Myoca rd i a l  I nfa rct i on 

1 .  Acutely, the T wave peaks and then inverts . T wave changes 
reflect myocardial ischemia. If true infarction occurs, the 
T wave remains inverted for months to years . 

2 .  Acutely, the ST segment elevates and merges with the T wave. ST 
segment elevation reflects myocardial injury. If infarction occurs, 
the ST segment usually returns to baseline within a few hours . 

3 .  New Q waves appear within hours to days. They signify myocardial 

infarction. In most cases, they persist for the lifetime of the patient. 

The term acute coronary syndrome is used to refer to i n d ividua l s  

with u nstab l e  corona ry d i sease o r  a n  evo lv i ng  i n fa rct ion i n  whom 

emergent thera py ca n p revent add it i ona l  damage and  possi b ly  

even be l i fesavi n g .  It i s  cr i t ica l to recogn ize a n  evo lv i ng  myoca rd i a l  

i nfa rct ion as ear ly as poss ib l e  beca use thera py i s  w ide l y  ava i lab l e  

that-de l i ve red with i n  the f i rst few hou rs after the onset o f  a n  

i nfa rct ion-ca n p revent t h e  com p let ion o f  t h e  i nfa rct a n d  i m p rove 

su rviva l .  Thrombo lyt ic  agents a n d  d i rect p l asm i nogen act ivators ca n 

lyse a c lot with i n  the corona ry a rter ies a n d  restore b lood f low before 

myoca rd i a l  death has  occu rred . I n  hosp ita l s  with catheter ization  

and  a n g iop lasty ca pa b i l i t ies ,  emergency a n g iop lasty with i n  the 

fi rst 6 hou rs of the onset of i n fa rct ion  offers su per ior  s u rviva l to 

thrombo lys is  a lone, both acute ly and in  long-term fo l l ow-up .  

Once ang iop lasty ha s  been successfu l ly carr ied out, t he  p lacement 

of stents coated with cytotoxic  d rugs to prevent reocc lus ion (usua l ly 

a resu lt of ce l l  pro l ife rat ion) at the s ite of the ori g i na l  les ion has 

red uced the rate of restenosis f rom about one-th i rd of pat ients 

u ndergo ing  ang iop lasty to v i rtua l ly none .  The adm in istrat ion of both 

oral and  i ntravenous p late let- i n h i b it i ng  agents (g lycoprote i n  l i b/I l l a  

i n h i b itors) has further imp roved pat ient outcome .  

Wh ichever i ntervent ion i s  ava i lab l e  or  chosen ,  the key to 

successfu l thera py i s  t i m i n g :  you m u st i n tervene  q u ick ly .  The 

recog n it ion of the acute changes of a myoca rd i a l  i nfa rct ion on  the 

E KG i s  a cr i t ica l d i agnostic sk i l l  that ca n save l ives . 
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localizing the Infarct 

The region of myocardium that undergoes infarction depends on 
which coronary artery becomes occluded and the extent of collateral 
blood flow. There are two major systems of blood supply to the 
myocardium, one supplying the right side of the heart and one 
supplying the left side. 

The right coronary artery runs between the right atrium and right 
ventricle and then swings around to the posterior surface of the heart. 
In most individuals, it gives off a descending branch that supplies the 
atrioventricular (AV) node. 

The left main artery divides into a left anterior descending (LAD) 
artery and a left circumflex artery. The LAD supplies the anterior wall 
of the heart and most of the interventricular septum. The circumflex 
artery runs between the left atrium and left ventricle and supplies the 
lateral wall of the left ventricle. In about 1 0% of the population, it 
gives off the branch that supplies the AV node. 

r i g ht coro n a ry a rtery 

AV n od a l  a rtery 

poste r i o r  desce n d i n g  a rtery 

The m a i n  corona ry a rter ies .  

l eft c i rcu mflex a rtery 



Localizing the In farct � 
Localization of an infarct is important because the prognostic and 

therapeutic implications are in part determined by which area of the 
heart is affected. 

Infarctions can be grouped into several general anatomic categories . 
These categories include inferior, lateral, anterior, and posterior 
infarctions . Combinations can also be seen, such as anterolateral and 
inferoposterior infarctions . 

poster ior  i nfa rct ion 

l atera l wa l l  i nfarct ion  

The fou r  bas ic  a natom ic  s ites of myoca rd i a l  i nfa rctio n .  

Almost all myocardial infarctions involve the left ventricle. 
This should not be surprising because the left ventricle is the most 
muscular chamber and is called on to do the most work. It is 
therefore most vulnerable to a compromised blood supply. 
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The characteristic electrocardiographic changes of infarction 
occur only in those leads overlying or near the site of infarction. 

1 .  Inferior infarction involves the diaphragmatic surface of 
the heart. It is often caused by occlusion of the right 
coronary artery or its descending branch. The characteristic 
electrocardiographic changes of infarction can be seen in the 
inferior leads II ,  III ,  and a VF. 

2. Lateral infarction involves the left lateral wall of the heart. It is 
often due to occlusion of the left circumflex artery. Changes will 
occur in the left lateral leads I, a VL, VS , and V6. 

3 .  Anterior infarction involves the anterior surface of the left 
ventricle and is usually caused by occlusion of the LAD artery. 
Any of the precordial leads (Vl through V6) may show changes . 

4 .  Posterior infarction involves the posterior surface of the heart 
and is usually caused by occlusion of the right coronary artery. 
There are no leads overlying the posterior wall. The diagnosis 
must therefore be made by looking for reciprocal changes in the 
anterior leads, especially Vl . 

Actua l ly, it is a very s imp le  matter to put e lectrodes on a pat ient's 

back to get a good look at the poster ior e lectrica l forces .  When th i s  

i s  done (and ,  u nfortunately, it i s  done o n ly rarely) , the ab i l ity of the 

E KG to d iagnose a myoca rd ia l  i nfa rct ion is  g reatly enhanced . These 

so-ca l led 1 5- lead E KGs,  wh ich i nc l ude two V leads p laced on the 

back (V8 and  V9) and one on the r ight a nter ior chest wa l l  (V4R), 

can often detect ST segment e levation  in pat ients with suspected 

i nfa rct ion in whom the 1 2 - lead E KG is norm a l .  

Note: Coronary anatomy can va ry ma rkedly among i nd ividua ls ,  

and the precise vessel i nvo lved may not a lways be what one wou l d  

p red ict from t h e  E KG .  
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Localizing the Infarct !� 
Inferior In farcts 

Inferior infarction typically results from occlusion of the right 
coronary artery or its descending branch. Changes occur in leads II ,  
III , and a VF. Reciprocal changes may be seen in the anterior and left 
lateral leads . 

Although in most infarctions, significant Q waves persist for 
the lifetime of the patient, this is not necessarily true with inferior 
infarcts . Within half a year, as many as 50% of these patients will lose 
their criteria for significant Q waves . The presence of small Q waves 
inferiorly may therefore suggest an old inferior infarction.  Remember, 
however, that small inferior Q waves also may be seen in normal 
hearts . The clinical history of the patient must be your guide . 
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A fu l ly evo lved i nfer io r  i nfa rctio n .  Deep Q waves ca n be seen i n  leads I I ,  I l l ,  
and  aVF. 
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Lateral  Infarction 

Lateral infarction may result from occlusion of the left circumflex 
artery. Changes may be seen in leads I, aVL, VS , and V6. Reciprocal 
changes may be seen in the inferior leads . 

I l l  

aVR aVL a VF 

V1  

V4 

V2 V3 

V5 V6 

An acute latera l  wa l l  i nfa rctio n .  ST e levat ion ca n be seen i n  leads I ,  aVL, 
VS,  and V6.  Note a l so the deep Q waves in leads 1 1 ,  1 1 1 ,  and aVF, s i gn ify i ng  
a previous  i nfer ior i nfarct ion . D id  you  not ice the deep  Q waves i n  l eads  V3 
through  V6? These a re the resu l t  of yet a n other i nfa rct ion ,  th i s  one  affect i ng  
a nother  port ion  of  the left ventr ic le ,  that  occu rred yea rs ago .  



Localizing the In farct � 
Anterior Infarcts 

Anterior infarction may result from occlusion of the LAD. Changes 
are seen in the precordial leads (Vl through V6) . If the left main 
artery is occluded, an anterolateral infarction may result, with changes 
in the precordial leads and in leads I and a VL. Reciprocal changes are 
seen inferiorly. 

The loss of anterior electrical forces in anterior infarction is not 
always associated with Q wave formation.  In some patients , there may 
be only a loss or diminishment of the normal pattern of precordial R 
wave progression. As you already know, under normal circumstances, 
the precordial leads show a progressive increase in the height of each 
successive R wave as one moves from Vl to VS . In normal hearts , 
the amplitude of the R waves should increase at least 1 m V per lead 
as you progress from Vl to V4 (and often VS) . This pattern may 
vanish with anterior infarction, and the result is called poor R wave 
progression. Even in the absence of significant Q waves, poor R wave 
progression may signify an anterior infarction. 

Poor R wave progression is not specific for the diagnosis of anterior 
infarction. It also can be seen with right ventricular hypertrophy, in 
patients with chronic lung disease, and-perhaps most often-with 
improper lead placement. 
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V4 vs V6 

An a nter ior i nfa rct ion with poor R wave prog ress ion  across the 
p record i u m .  
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Posterior Infarction 

Posterior infarction typically results from an occlusion of the right 
coronary artery. Because none of the conventional leads overlie the 
posterior wall, the diagnosis requires finding reciprocal changes 
in the anterior leads . In other words, because we can't look for ST 
segment elevation and Q waves in nonexistent posterior leads, we 
have to look for ST segment depression and tall R waves in the anterior 
leads, notably lead Vl . Posterior infarctions are the mirror images of 
anterior infarctions on the EKG. 

The normal QRS complex in lead Vl consists of a small R 
wave and a deep S wave; therefore, the presence of a tall R wave, 
particularly with accompanying ST segment depression, should be 
easy to spot. In the appropriate clinical setting, the presence of an 
R wave of greater amplitude than the corresponding S wave is highly 
suggestive of a posterior infarction. 

Another helpful clue comes from the blood supply of the heart. 
Because the inferior wall usually has the same blood supply as 
the posterior wall, there will often be evidence of accompanying 
infarction of the inferior wall. 

One caveat :  you wi l l  reca l l  that the presence of a l a rge R wave 

exceed i n g  the a m p l i tude of the accom pany i ng  S wave in lead V1 i s  

a lso one  cr ite r ion  for the d i agnos is  of r i ght ventr icu l a r  hypertrophy .  

The d i agnos i s  of  r ight  ventr i cu l a r  hypertrophy, however, a lso 

req u i res the p resence of r ight  axis deviat ion ,  wh ich  i s  not present i n  

poster ior  i nfa rction . 
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V1 V3 

V4 vs V6 

A poster ior  i nfa rctio n .  I n  lead V 1 , the R wave is l a rger  than  the S wave . 
There is a l so ST depress ion a n d  T wave i nvers ion  i n  leads V 1  and  V2 . 

Where is the infarct? Is it acute? 
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Th is  is a n  exa m p l e  of a n  evolv i ng a nte r ior  i nfa rctio n .  There is ST segment 
e levation  i n  leads V2 and  V3 as we l l  as  poor R wave prog ress ion . 
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I l l  

Where is the infarct? Is it acute? 

aVR V1 V4 

aVL V2 VS 

a VF V3 V6 

Th is  trac i ng  shows an acute poster ior  a n d  i nfer ior  i nfa rct ion (remember  how 
we sa i d  that m ost poster ior  i nfarct ions a re accompan ied by evidence of 
i nfe r ior  i nfa rction? ) .  ST seg ment  e levation  with pea ked 
T waves can be seen in leads 1 1 ,  1 1 1 ,  and aVF, i n d icat i ng  an acute i nfer ior  
i nfa rct ion . There i s  a l so evi dence of poster ior  wa l l  i nvolvement, with  a ta l l  R 
wave, ST seg ment depress ion ,  a n d  T wave i nve rs ion i n  lead V 1 . 



Non-Q Wave Myocardial Infarctions � 

Non-Q Wa ve Myocardial Infarctions 

Not all myocardial infarctions produce Q waves . It was previously 
thought that the production of Q waves required infarction of the 
entire thickness of the myocardial wall, whereas an absence of 
Q waves indicated infarction of only a portion of the inner layer 
of the myocardial wall called the subendocardium. Cardiologists 
therefore spoke of infarctions as being transmural or subendocardial . 

site of tra n s m u ra l  i nfa rct ion 

B site of su bendoca r d i a l  i nfa rct ion 

S l i ces of the heart as  seen from a bove with the l a rge cavity on the 
r ight  rep resent i ng  the l eft ventr i c l e .  Dep ict ion of (A) a transm u ra l  
i nfa rct ion and  (B) a subendoca rd i a l  i nfa rctio n .  
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V1 

LI .  

V4 

However, pathologic studies have found little consistent correlation 
between the evolution of Q waves and whether an infarction is 
transmural or subendocardial . Some transmural infarctions fail to 
produce Q waves, and some subendocardial infarctions do produce 
Q waves . For this reason, the old terminology, however descriptive, 
has been dropped and replaced by the far less picturesque terms 
"Q wave infarctions" and "non-Q wave infarctions . "  

The only EKG changes seen with non-Q wave infarctions are 
T wave inversion and ST segment depression. 

Non-Q wave infarctions have a lower initial mortality rate and a 
higher risk for later infarction and mortality than Q wave infarctions . 
Non-Q wave infarctions seem to behave like small, incomplete 
infarctions, and cardiologists take a very aggressive stance with these 
patients, evaluating them thoroughly and intervening therapeutically 
(with either traditional coronary bypass grafting or any of the various 
angioplasty procedures now in vogue) in an effort to prevent further 
infarction and death. 

V2 V3 

I-

1 1  

VS V6 

A non-Q wave i nfa rct ion . ST seg ment depress ion is most prom i nent i n  leads 
V2 and  V3, and T wave i nvers ion  ca n be seen i n  leads V2 through  V6 . Th i s  
pat ient  never evo lved Q waves, but  h i s  card iac enzymes soared ,  conf i rm i n g  
occu rrence o f  a t r u e  i nfa rcti o n .  



Non-Q Wave Myocardial Infarctions � 

A cond it ion that ca n c losely m i m ic a n  acute myoca rd ia l  i nfa rct ion 

on the E KG ,  comp lete with T wave i nvers ions and  ST seg ment 

e levations,  is termed Apica l  Bal loon i n g  Synd rome. As many as 2 % 

of patients, mostly e lder ly women ,  who have what appears to be a n  

acute infa rct ion on  E KG w i l l  p rove t o  have t h i s  synd rome i nstead .  The 

EKG changes reflect a ba l loon i ng  of the left ventri c le ,  often brought  

on by stress (typ ica l ly emotiona l  stress, hence the synd rome has  

someti mes been ca l led broken heart syndrome), but the precise ca use 

is not we l l  understood . One of the lead i ng  theories posits a state of 

excessive catecho lam i ne  sti m u lation . Tropon i n  leve l s  can be e levated,  

a lthough ra rely as h igh as i n  a n  acute i nfa rct ion ,  and  there is  no 

evidence of  u n der ly i ng  coronary a rtery d isease shou ld  the pat ient be  

brought  to  the catheter izat ion l ab .  As  many as 50% of  these patients 

may deve lop tra ns ient heart fa i l u re and  even go into shock .  Patients 

genera l ly imp rove over severa l weeks. 
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Angina 

Angina is the typical chest pain associated with coronary artery 
disease. A patient with angina may ultimately go on to experience 
an infarction or may remain stable for many years . An EKG taken 
during an anginal attack will show ST segment depression or T wave 
inversion. 

A 

B c 
Th ree exa m p les of the EKG cha nges that ca n accom pany a n g i n a :  
(A) T wave i nvers ion ;  (B) S T  seg ment depress ion ;  and  (C) S T  seg ment 
depress ion  with T wave i nvers ion  (the ST seg ment and  T waves merge 
sea m less ly) .  

The two ways to  distinguish the ST segment depression of angina 
from that of non-Q wave infarctions are the clinical picture and the 
time course. With angina, the ST segments usually return to baseline 
shortly after the attack has subsided. With a non-Q wave infarction, 
the ST segments remain down for at least 48 hours . Cardiac enzyme 
levels will be elevated with infarction but not with uncomplicated 
angma. 



Angina � 
Prinzmetal's Angina 

There is one type of angina that is associated with ST segment 
elevation. Whereas typical angina is usually brought on by exertion 
and is the result of progressive atherosclerotic cardiovascular disease, 
Prinzmetal's angina can occur at any time and, in many patients, 
results from coronary artery spasm. Presumably, the ST segment 
elevation reflects reversible transmural injury. The contours of the ST 
segments often will not have the rounded, domed appearance of true 
infarction, and the ST segments will return quickly to baseline when 
the patient is given antianginal medication (e.g. , nitroglycerin) . 

Pr inzmeta l ' s ang i na ,  with ST seg ment e levat io n .  

Patients with Prinzmetal's angina actually fall into two groups: 
those with no atherosclerotic disease whose pain is due solely to 
coronary artery spasm and those with some underlying atherosclerotic 
disease who may or may not have superimposed spasm. The EKG 
does not help to distinguish between these two groups .  
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The ST Seg m e nt in lsche m i c  Card iac  D i sease 

ST Segment Eleva tion 

May be seen with an evolving transmural infarction or with 
Prinzmetal's angina 

ST Segment Depression 

May be seen with typical angina or with a non-Q wave infarction 

Other Ca uses of ST Segment Eleva tion (many of these will be 
discussed in Chapter 7) 

J point elevation 

Apical ballooning syndrome 

Acute pericarditis 

Acute myocarditis 

Hyperkalemia 

Pulmonary embolism 

Brugada syndrome 

Hypothermia 

The status of the ST seg ment in patients who present with acute 

ischem ic pa i n  is  the major determ inant of what k i nd  of thera py 

they shou ld  receive . Pat ients who present with acute ST segment 

e levat ion on the i r  EKG need i m med iate reperfus ion therapy, e ither 

throm bolys is  or  ang iop lasty . Those with ST seg ment depress ion or  no 

ST segment cha nges can usua l ly be managed more conservative ly .  

However, pat ients in th is latte r g roup  shou ld  receive agg ressive eva l u ­

at ion and  therapy i f  they a re a t  h i g h  r i s k  for infa rct ion (e.g . ,  i f  the i r  

ca rd iac  enzymes a re e levated,  or  if they have had a pr ior  ang iop lasty 

or bypass g rafti ng) .  
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limitations of the EKG in Diagnosing 
an Infarction 

Because the electrocardiographic picture of an evolving myocardial 
infarction typically includes T wave changes, ST segment changes, 
and Q wave formation, any underlying cardiac condition that 
masks these effects by distorting the T wave, ST segment, and QRS 
complex will render electrocardiographic diagnosis of an infarction 
extremely difficult. Such conditions that we have already discussed 
are Wolff-Parkinson-White (WPW) syndrome, left ventricular 
hypertrophy, and left bundle branch block. Right bundle branch 
block is of less concern because almost all infarctions involve the left 
ventricle. 

Various criteria and algorithms have been devised and tested to 
aid in the EKG assessment of myocardial infarction in patients with 
left bundle branch block. None are perfect, as they lack sufficient 
sensitivity to be uniformly reliable. However, in the setting of left 
bundle branch block, the presence of ST segment elevation of at least 
1 mm in any lead with a predominant R wave is strongly suggestive 
of an evolving infarction. 

I n  patients with WPW synd rome,  the de lta waves a re often negative 

i n  the i nferio r  leads ( I I ,  I l l ,  and  aVF) . Th i s  pattern is therefore often 

referred to as a pseudoinfarct pattern because the de lta waves may 

resemb le  Q waves. The short PR i n terva l is  the one rema i n i ng  c lue  

that, i n  th i s  i n stance, ca n d isti ngu ish  WPW from a n  i nfa rct ion on 

the E KG .  
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Stress Testing 

Stress testing, also called exercise tolerance testing, is a noninvasive method 
of assessing the presence and severity of coronary artery disease. It is by no 
means flawless (false-positive and false-negative results abound) , but it is 
still the best noninvasive screening procedure available. The alternative­
taking all candidates directly to cardiac catheterization-is neither feasible 
nor desirable. Other tests that are being added to the investigatory 
armamentarium and that are proving helpful include rapid CT scanning 
of the heart, which provides a measure of the degree of atherosclerosis in 
the coronary arteries but does not reliably predict the degree of blockage 
at any one specific site, and CT angiography, which may provide a useful 
intermediary step between stress testing and catheterization but which 
carries all the risks associated with a high dye load. 

Stress testing is usually done by having the patient ambulate 
on a treadmill, although stationary bicycles have been used just as 
effectively. The patient is hooked up to an EKG monitor, and a 
rhythm strip is monitored throughout the test. A complete 1 2-lead 
EKG is usually taken every minute and at the peak of exercise. Every 
few minutes, the speed and angle of incline of the treadmill are 
increased until ( 1 )  the patient cannot continue for any reason; (2) the 
patient's maximal heart rate is achieved; (3) symptoms supervene; or 
(4) significant changes are seen on the EKG. 



A 

Stress Testing � 
The physiology behind stress testing is simple. The graded exercise 

protocol causes a safe and gradual increase in the patient's heart 
rate and systolic blood pressure. The product of the patient's blood 
pressure multiplied by his heart rate, called the double product, is a 
good measure of myocardial oxygen consumption. If cardiac oxygen 
demands exceed consumption, electrocardiographic changes and 
sometimes symptoms of myocardial ischemia may occur. 

Significant coronary artery disease of one or several coronary 
arteries limits blood flow to the myocardium and hence limits oxygen 
consumption. Although a patient's resting EKG may be normal, the 
increased demands of exercise may bring out evidence of subclinical 
coronary artery disease. 

With a positive test for coronary artery disease, the EKG will reveal 
ST segment depression. T wave changes are too nonspecific to have any 
meaning in this setting. 

There is a wealth of literature questioning precisely what 
constitutes significant ST segment depression during an exercise 
test. It is generally acknowledged that ST segment depression of 
greater than 1 mm that is horizontal or downsloping and persists 
for more than 0 .08 seconds is suggestive of coronary artery 
disease. If a depression of 2 mm is used as the criterion, the number 
of false-positive results is greatly reduced, but the number of 
false-negative results increases . Occasionally, upsloping ST segments 
may signify coronary artery disease, but the number of false-positive 
results is very high . 

B c 

(A) Downs lop i n g  ST depress ion . (B) U ps lop ing  ST depress io n .  (C) Horizonta l 
ST depress ion . O n ly A a n d  C a re h i g h ly suggestive of corona ry a rtery d i sease . 
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The earlier in the test that ST segment depression 
occurs-particularly if the changes persist several minutes into the 
recovery period-the greater the likelihood that coronary artery 
disease is present and the greater the possibility that the left main 
coronary artery or several coronary arteries are involved. The onset of 
symptoms and falling blood pressure are particularly important 
signs, and the test must be stopped immediately. 

The incidence of false-positive and false-negative results is 
dependent on the patient population that is being tested. A positive 
test in a young, healthy individual with no symptoms and no risk 
factors for coronary artery disease is likely to be a false test. On the 
other hand, a positive test in an elderly man with chest pain, a prior 
infarction, and hypertension is much more likely to be a true-positive 
result. In no one does a negative test result absolutely exclude the 
possibility of coronary artery disease. 

A 

8 

(A) A pat ient 's  rest i ng  E KG .  (B) The sa me lead i n  the sa me pat ient 
1 2  m i n utes i nto a n  exercise test . Note the pro m i nent ST seg ment 
depress ion associated with the i nc reased heart rate . 
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Indications for stress testing include the following: 

1 .  The differential diagnosis of chest pain in someone whose 
baseline EKG is normal 

2 .  The evaluation of a patient who has recently had an infarction, 
in order to assess his or her prognosis and need for further 
invasive testing, such as cardiac catheterization 

3. The evaluation of individuals over 40 years of age who have risk 
factors for coronary artery disease, particularly diabetes mellitus , 
peripheral vascular disease, a history of a prior myocardial 
infarction, or a family history of premature heart disease 

4. Suspicion of silent ischemia, such as in patients without chest 
pain but who may complain of shortness of breath, fatigue, 
palpitations, or erectile dysfunction 

5 .  Stress testing is also frequently done in patients over 40 years of 
age who want to start an exercise program. 

Contraindications include any acute systemic illness, severe aortic 
stenosis, uncontrolled congestive heart failure, severe hypertension, 
angina at rest, and the presence of a significant arrhythmia. 

Mortality from the procedure is very low, but resuscitation 
equipment should always be available. 
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Both the sens it iv ity and specif ic ity of the exercise stress test can be 

i ncreased by ( 1 ) doing an  echoca rd iog ram before and after the 

procedu re, looki ng  for exercise- i nduced changes i n  wa l l  motion that 

m ight s ign ify myocard i u m  i n  jeopa rdy, or  (2) i njecti ng  the patient with 

rad ioactive imag ing agents d u ri ng  the test and then record i ng  

images of  the  heart. The  myoca rd i um extracts the  rad iotracer from 

the coronary c i rcu lat ion,  but reg ions of com promised b lood flow 

wi l l  be unab le  to extract the rad iotracer. Therefore, in a norma l  test, 

myoca rd i a l  sci nt igraphy wi l l  revea l u n iform u ptake of the isotope 

by the left ventr ic le ,  but in a pat ient with coronary stenos is ,  a 

l a rge perfus ion defect may be seen .  Some t ime l ater, a second fi l m  

i s  ta ken,  a t  wh ich po int  t h e  hea rt is  no longer  u n der stress . The 

perfus ion defect may now d isappea r, i n d icati ng  that the stenosed 

coronary a rtery is supp ly ing b lood to v iab le myoca rd i u m ;  med ica l  

o r  su rg ica l  i n tervent ion to treat the stenos is may therefore preserve 

the affected reg ion of the left ventr ic le .  On the other  hand ,  if the 

perfus ion defect does not d isappear on the second fi lm ,  one can 

conc lude  that the reg ion  i n  q uest ion is no longer  metabo l i ca l ly 

capab le  of tak i ng  u p  the tracer and  is therefore most l i ke ly i nfa rcted ;  

restor ing  b lood f low to that  reg ion of  the heart i s  u n l i ke ly  to  be of 

any benef it .  

I n  pat ients who a re unab le  to exercise, there a re a lternatives to the 

trad it iona l  stress test . These i nc l ude  adenosine stress testi n g  and  

dobuta m i ne stress test ing.  

Adenos ine ,  g iven i ntravenous ly, prod uces tra ns ient coronary 

vasod i l atat ion ,  i ncreas i ng  coronary b lood f low up  to 400 % .  Vesse ls 

with s ign if icant  stenos is a re unab le  to vasod i late as effectively as 

hea lthy vesse ls ,  and the terr itory of the hea rt they su pply wi l l  thus  

show less uptake of  the rad ioactive tracer .  Typ ica l ly, there a re no  

d iag nostic  E KG changes d u ri ng  th i s  test . 

A dobuta m i n e  stress test m i m ics the stress of exercise on the 

hea rt. Dobuta m i ne is  a n  adrena l i ne- l i ke agent that is g iven i n  

i n crementa l doses over severa l m i n utes. I n  pat ients with coronary 

a rtery d isease, E KG changes j ust l i ke those i nd uced by exercise may 

be seen ,  and trans ient wa l l  mot ion abnorma l it ies wi l l  be seen on an 

accompanyi ng  echoca rd iogra m .  
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Joan  L. is a 62-yea r-o ld  bus i ness executive . She  is on a n  i m porta nt bus i ness 

tr ip a n d  spends the n i g ht at a hotel downtown . Ea r ly the next morn i n g ,  

s h e  i s  awa kened with shortness o f  b reath and  severe chest p ressu re that 

rad iates i nto her  jaw and left a rm .  She  gets out of bed and ta kes 

Pepto-B i smo l ,  but the pa i n  does not go away. Fee l i n g  d i zzy and  nauseated , 

she  s i ts down a n d  p hones the front desk .  He r  sym ptoms a re relayed 

by phone  to the doctor cover i ng  the hote l ,  who i m med iately orders a n  

a m b u l ance t o  ta ke h e r  t o  t h e  l oca l emergency room .  She  a rrives there o n ly 

2 hou rs after the onset of her  sym ptoms,  wh ich  have cont i n ued u n a bated 

desp ite th ree s u b l i n g u a l  n itrog lycer i n  ta b l ets g iven to her d u r i n g  the 

a m b u l ance r i de .  

I n  the emergency room ,  a 1 2 - lead E KG revea l s  the fo l l owi n g :  

I s  s h e  havi ng  a n  i nfa rctio n ?  I f  so, ca n you te l l  i f  i t  i s  acute and  what 

reg ion  of the heart i s  affected ? 

• aVL 

: aVF 

V2 vs 

V3 V6 

The E KG shows ST seg ment e levation  i n  leads V2 th rough  VS .  There 
a re no Q waves .  Joan is i n  the th roes of a n  acute a nter ior myoca rd i a l  
i nfarct ion . 
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Joa n 's p rompt a rriva l in the emergency room,  the e levated ST seg ments, 

a n d  the a bsence of Q waves on  the E KG mean that she i s  an exce l l ent  

ca n d i date for e i ther  thrombo lyt ic  thera py o r  acute corona ry a n g iop lasty . 

U nfortunately, she re l ates that o n ly 1 month ago she  suffered a m i l d 

hemorrhag i c  stroke, leavi ng  her  with some wea kness i n  he r  l eft a rm and  

l eg ,  and  mak i ng  t he  r i sks o f  thrombo lyt ic  thera py pro h i b it ive . I n  add it ion ,  

acute a n g iop lasty i s  not ava i l ab l e  at th i s  sma l l  com m u n ity hosp ita l ,  and  

the nea rest l a rge med ica l  center i s  severa l hou rs away. Therefore, do ing  

the best they ca n u n der  the c i rcumsta nces, the med ica l  staff have Joan 

adm itted to the ca rd iac  ca re u n it (C C U) to be mon itored . He r  pa i n  i s  

contro l led with morp h i n e  and i ntravenous  n itrog lyce r i n ,  and she  i s  g iven 

i ntravenous  beta-b lockers to red uce sym pathet ic ne rvous  system sti m u lat ion 

of her  hea rt .  Asp i r i n  i s  a l so g iven ,  but  a l l  othe r  a nt icoa g u l a nt agents a re 

with he ld  beca use of her  stroke h i story. He r  fi rst tropo n i n  leve l comes back 

e levated . 

Late on  the fi rst n i g ht of her  hosp ita l stay, one  of the n u rses not ices 

pecu l i a r  beats on  her E KG :  

What a re they? 
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The pat ient's norma l  s i nus  rhyth m is be ing i nterru pted by a run of 

th ree consecutive premature ventr icu l a r  contract ions (PVCs) . I n  the 

sett ing of an  acute i nfa rction ,  a ntia rrhyth m ic  therapy is  often g iven 

im med iately because these PVC s ca n tr igger  ventr icu l a r  tachyca rd ia  

and  f ibr i l lat ion . 

The n ext morn i n g ,  Joa n 's E KG looks l i ke th i s .  What has  changed ?  

aVR 

I I  aVL 

I l l  a VF 

V1 V4 

V2 vs 

V3 V6 

Joan ' s  EKG shows that a l l  ventr i cu la r  ectopy has been suppressed . 

It a l so shows new Q waves i n  the anter ior leads, cons istent with fu l l  

evo l ut ion of a n  anter ior i nfa rct . 
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Later in the afternoon ,  Joan aga i n  beg i n s  to exper ience chest pa i n .  A 

repeat E KG is taken . What has  changed?  

I I  

I l l  

V2 

V3 

aVR 

aVL 

a VF 

V4 

V5 

VG 

Joan is extend ing  her  infa rct. New ST e levations can be seen in the 

left latera l leads .  
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A few hou rs later, she  comp l a i n s  of l i g ht-headedness, and  another  

E KG i s  performed . Now what do you see? 

Joan has gone i nto th i rd-deg ree AV b lock .  Ser ious conduct ion 

b locks a re most common ly seen i n  anter ior i nfa rctions .  Her  

l i g ht-headedness is due  to inadequate card iac output  i n  the face of 

a ventr icu l a r  escape rhythm of approximate ly 3 5  beats per m i n ute .  

Pacemaker  i n sert ion is mandatory. 
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A pacemaker  i s  p laced without  d iffi cu lty, and Joan suffers no  fu rther  

com p l icat ions d u r i ng  her  hosp ita l stay. One  week l ater, a m b u l atory and 

pa in  f ree ,  she  i s  d i scha rged . The morn i n g  after retu r n i ng  home,  she  aga i n  

awa kens short o f  b reath and  i s  taken to  the emergency roo m .  There,  s he  

i s  fou n d  to  be i n  congestive heart fa i l u re .  A ca rd iac echogram revea l s  

ma rked ly  d i m i n i shed l eft ventr i cu l a r  funct ion  as a resu l t  of  he r  l a rge 

myoca rd i a l  i n fa rct ion . She  is  treated i n  the hosp ita l  and i s  d ischa rged 

3 days later on  a d i u ret ic ,  a beta-b locker and an a n g i otens i n -convert i ng  

enzyme (AC E) i n h i b itor .  No fu rther  p rob lems deve lop ,  and  she  i s  ab l e  to 

return  to her  norma l  l i fe at home and  at work .  

Th is  case i s  very typ ica l  of  the sort of  th i ng  you see over and  over 

aga i n  i n  hosp ita ls across the cou ntry . It emphas izes how cr it ica l the 

E KG is  i n  d iag nos i ng  and  manag ing  pat ients with acute myoca rd i a l  

i nfa rctions .  With Joa n ,  a n  E KG conf i rmed the i n it ia l  susp ic ion 

that she was havi ng  an  i nfa rct . I n  the C C U ,  e lectrocard iograph ic 

su rve i l l ance perm itted the d iagnos is of further i nfarct ion and  

accom panyi ng  rhythm and conduct ion d istu rba nces and  g u ided 

major  therapeut ic dec is ions .  
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In this chapter you will learn: 

that the  E KG ca n be chan ged by a who le  va r iety of othe r  ca rd i ac  

J I a n d  nonca rd iac  d i sorders .  We wi l l  d i scuss the  m ost i m porta nt  of 

these as we l l  as severa l  other  cr i t i ca l a reas where the ro l e  of the  

E KG i s  pa ramount :  

A e lectro lyte d istu rba nces 

B hypotherm ia  

C d i g ita l i s  effects, both  therapeut ic  a n d  tox ic  

D med icat ions that p ro long  the QT i n te rva l 

E other  ca rd iac  d isorders (e.g . ,  per ica rd it is ,  ca rd iomyopathy, a n d  

myoca rd it i s) 

F p u l mona ry d i sorders 

G centra l ne rvous  system d isease 

H sudden ca rd iac death in persons  without corona ry a rtery d i sease 

I the ath lete 's  heart 

about the cases of Amos T . ,  whose E KG p roves to be the key to 2 I u n rave l i ng  a n  emergent, l ife-th reaten i ng  noncard i ac  cond it ion and  

that o f  U rsu l a  U . ,  a l most done  i n  by  some very com mon med icat ions .  

261  I 
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There are a number of medications, electrolyte disturbances, and 
other disorders that can substantially alter the normal pattern of 
the EKG. It is not always clear why the EKG is so sensitive to such 
a seemingly diffuse array of conditions, but it is, and you've got to 
know about them. 

In some of these instances, the EKG may actually be the most 
sensitive indicator of impending catastrophe. In others , subtle 
electrocardiographic changes may be an early clue to a previously 
unsuspected problem. In still others, the electrocardiographic 
alteration may be incidental, vaguely interesting, and hardly 
illuminating. 



Electrolyte Disturbances � 

Electrolyte Disturbances 

Alterations in the serum levels of potassium and calcium can 
profoundly alter the EKG. 

Hyperka /em ia 

Hyperkalemia produces a progressive evolution of changes in the 
EKG that can culminate in ventricular fibrillation and death. The 
presence of electrocardiographic changes is a better measure of clinically 
significant potassium toxicity than the serum potassium level. 

As the potassium begins to rise, the T waves across the entire 
1 2-lead EKG begin to peak. This effect can easily be confused with 
the peaked T waves of an acute myocardial infarction. One difference 
is that the changes in an infarction are confined to those leads 
overlying the area of the infarct, whereas in hyperkalemia, the changes 
are diffuse. 

I 

I 
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I !  
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The pea ked T waves of hyperka l em i a .  
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With a further increase in the serum potassium, the PR interval 
becomes prolonged, and the P wave gradually flattens and then 
disappears . 

A 

As the potass i u m  level r ises, P waves a re no longer  v is i b l e .  The T waves 
a re even more pea ked . 

Ultimately, the QRS complex widens until it merges with the 
T wave, forming a sine wave pattern . Ventricular fibrillation may 
eventually develop. 

. 1 

B 

Prog ressive hyperka l em ia  leads to the c lass ic s i ne  wave pattern . 
The widened QRS com p lexes and  pea ked T waves a re a l m ost 
i nd ist i n g u i shab le .  

It  is important to note that, whereas these changes frequently do 
occur in the order described as the serum potassium rises , they do 
not always do so. Progression to ventricular fibrillation can occur 
with devastating suddenness. Any change in the EKG due to 
hyperkalemia mandates immediate clinical attention! 



Electrolyte Disturbances � 
Hypokalemia 

With hypokalemia, the EKG may again be a better measure of serious 
toxicity than the serum potassium level. Three changes can be seen, 
occurring in no particular order: 

• ST segment depression 

• Flattening of the T wave 

• Appearance of a U wave. 

T wave U wave 

Hypoka l e m i a .  The U waves a re even more p rom i nent than  the T waves.  

The term U wave is given to a wave appearing after the T wave in 
the cardiac cycle .  It usually has the same axis as the T wave, and is 
often best seen in the anterior leads . Its precise physiologic meaning 
is not fully understood. Although U waves are the most characteristic 
feature of hypokalemia, they are not in and of themselves diagnostic. 
Other conditions can produce prominent U waves (central nervous 
system disease and certain antiarrhythmic drugs, for example) and 
U waves can sometimes be seen in patients with normal hearts and 
normal serum potassium levels. 
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Calcium Disorders 

Alterations in the serum calcium primarily affect the QT interval . 
Hypocalcemia prolongs it; hypercalcemia shortens it. Do you 
remember a potentially lethal arrhythmia associated with a prolonged 
QT interval? 
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Hypoca lcem i a .  The QT i n terva l i s  s l i g ht ly pro longed . A p rematu re 
ventr icu l a r  contract ion (PVC) fa l l s  on the pro longed T wave and  sets 
off a run  of torsades de po i ntes . 
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Torsades de  pointes, a variant of  ventricular tachycardia, i s  seen in 
patients with prolonged QT intervals. 
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Hypothermia 

As the body temperature dips below 30°C, several changes occur on 
the EKG:  

1 .  Everything slows down. Sinus bradycardia i s  common, and all 
the segments and intervals-PR, QRS,  QT, etc.-may become 
prolonged. 

2. A distinctive and virtually diagnostic type of ST segment 
elevation may be seen. It consists of an abrupt ascent right at 
the J point and then an equally sudden plunge back to baseline. 
The resultant configuration is called a J wave or Osborn wave. 
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Hypotherm i a .  The Osborn waves a re very p ro m i nent .  

3. Various arrhythmias may ultimately supervene. Slow atrial 
fibrillation is most common, although almost any rhythm 
disturbance can occur. 

4 .  A muscle tremor artifact due to shivering may complicate 
the tracing. A similar artifact may be seen in patients with 
Parkinson's disease. Do not confuse this with atrial flutter . 
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A m uscle tremor  a rt ifact resem b les atr i a l  f l utter .  
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Drugs 

Digitalis 

There are two distinct categories of electrocardiographic alterations 
caused by digitalis: those associated with therapeutic blood levels of 
the drug and those seen with toxic blood levels . 

EKG Changes Associa ted With Therapeutic Blood Levels 

Therapeutic levels of digitalis produce characteristic ST segment 
and T wave changes in most individuals taking the drug. These 
changes are known as the digitalis effect and consist of ST segment 
depression with flattening or inversion of the T wave. The depressed 
ST segments have a very gradual downslope, emerging almost 
imperceptibly from the preceding R wave. This distinctive appearance 
usually permits differentiation of the digitalis effect from the more 
symmetric ST segment depression of ischemia; differentiation 
from ventricular hypertrophy with repolarization abnormalities 
can sometimes be more problematic, especially because digitalis is 
frequently used in patients with congestive heart failure who often 
have left ventricular hypertrophy. 

The digitalis effect usually is most prominent in leads with tall 
R waves .  Remember: the digitalis effect is normal and predictable and 
does not necessitate discontinuing the drug. 

The d i g ita l i s  effect, with asym metr ic ST seg ment depress i on .  
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EKG Changes Associa ted With Toxic Blood Levels 

The toxic manifestations of digitalis, on the other hand, may require 
clinical intervention.  Digitalis intoxication can elicit conduction 
blocks and tachyarrhythmias, alone or in combination.  

Sin us Node Suppression 

Even at therapeutic blood levels of digitalis, the sinus node can be 
slowed, particularly in patients with the sick sinus syndrome. At toxic 
blood levels, sinus exit block or complete sinus node suppression can 
occur. 

Conduction Blocks 

Digitalis slows conduction through the AV node and can therefore 
cause first- , second-, and even third-degree AV block. 

Wenckebach b lock caused by d i g ita l i s  i n toxicati on .  

The ability of digitalis to slow AV conduction has made it useful in 
the treatment of supraventricular tachycardias . For example, digitalis 
can slow the ventricular rate in patients with atrial fibrillation; 
however, the ability of digitalis to slow the heart rate, best seen when 
the patients are sitting or lying quietly for their EKG recording, is 
commonly lost during exertion.  Beta-blockers, such as atenolol or 
metoprolol, have a similar effect on AV conduction and may control 
the rate better when there is increased adrenergic tone (e.g. , during 
exercise or stress) . 
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Tachyarrhythmias 

Because digitalis enhances the automatic behavior of all cardiac 
conducting cells, causing them to act more like pacemakers, there 
is no tachyarrhythmia that digitalis cannot cause. Paroxysmal atrial 
tachycardia (PAT) and PVCs are the most common, junctional 
rhythms are fairly common, and atrial flutter and fibrillation are the 
least common. 

Combina tions 

The combination of PAT with second-degree AV block is the most 
characteristic rhythm disturbance of digitalis intoxication. The 
conduction block is usually 2: 1 but may vary unpredictably. Digitalis 
is the most common, but not the only, cause of PAT with block. 

Pa roxysma l  atr i a l  tachyca rd ia  (PAT) with 2 : 1  b l ock .  The arrows po int  to 
each P wave . 

Medica tions Tha t  Prolong the QT In terval 

Among the medications that can increase the QT interval are 
the antiarrhythmic agents (e.g. , sotalol, quinidine, procainamide, 
disopyramide, amiodarone, dofetilide, and dronedarone) . These 
agents are used to treat arrhythmias, but by increasing the QT 
interval they can paradoxically increase the risk for serious ventricular 
tachyarrhythmias . The QT interval must be carefully monitored in all 
patients taking these medications, and the drug should be stopped if 
substantial-usually more than 25%-prolongation occurs . 
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Other medications that can prolong the QT interval include the 
tricyclic antidepressants , the phenothiazines, erythromycin, the 
quinolone antibiotics , and various antifungal medications . 

The pro longed QT i nte rva l on th i s  trac ing  mandated red uc i ng  the 
pat ient 's  sota lo l  dosage .  



� 7 Finishing Touches 

More on the QT Interval 

Several inherited disorders of cardiac repolarization associated 
with long QT intervals have been identified and linked to specific 
chromosomal abnormalities . The cause in almost half of genotyped 
individuals is one of various mutations in a gene that encodes pore­
forming subunits of the membrane channels that generate a slow K• 
current that is adrenergic sensitive. All individuals in these families 
need to be screened for the presence of the genetic defect with resting 
and stress EKGs. If the abnormality is found, beta-blocking drugs and 
sometimes implantable defibrillators are recommended because the 
risk for sudden death from a lethal arrhythmia is greatly increased, 
especially when the patient is in childhood or early adulthood. These 
patients must also be restricted from competitive sports (although 
modest exercise without "adrenalin bursts" can be encouraged and 
guided by the results of the exercise stress test) and must never take 
any drugs that can prolong the QT interval . In a few patients who are 
particularly susceptible to the adverse effects of increased adrenergic 
tone, left cervical-thoracic sympathetic denervation may be needed. 

How to Measure the QT In terval Accura tely 

Because the QT interval varies normally with the heart rate, 
a corrected QT interval or QTc, is used to assess absolute QT 
prolongation. The QT c adjusts for differences in the heart rate by 
dividing the QT interval by the square root of the R-R interval-that 
is, the square root of one cardiac cycle :  

QT 
QTc = JRR 

The QT c should not exceed 500 ms during therapy with any 
medication that can prolong the QT interval (5 50  ms if there is an 
underlying bundle branch block) ; adhering to this rule will reduce 
the risk for ventricular arrhythmias . The formula for determining the 
QT c is most accurate at heart rates between 50 and 120  beats per 
minute; at the extremes of heart rate, its usefulness is limited. 
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Other Cardiac Disorders 

Pericarditis 

Acute pericarditis may cause ST segment elevation and T wave 
flattening or inversion. These changes can easily be confused with an 
evolving infarction, as can the clinical picture. Certain features of the 
EKG can be helpful in differentiating pericarditis from infarction: 

1 .  The ST segment and T wave changes in pericarditis tend to be 
diffuse (although not always) ,  involving far more leads than the 
localized effect of infarction. 

2 .  In pericarditis, T wave inversion usually occurs only after the 
ST segments have returned to baseline. In infarction, T wave 
inversion usually precedes normalization of the ST segments . 

3 .  In pericarditis, Q wave formation does not occur. 

4 .  The PR interval is sometimes depressed. 

6 
(A) Lead V3 shows the ST seg ment e levation  of acute per ica rd it i s .  (B) The 
sa me lead severa l days later shows that the ST seg ments have retu rned to 
base l i n e  and the T waves have i nverted . There a re no Q waves .  
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A 

Formation of a substantial pericardia! effusion dampens the 
electrical output of the heart, resulting in low voltage in all leads . The 
ST segment and T wave changes of pericarditis may still be evident. 

B 

Lead I before (A) and  after (B) the deve lopment  of a per icard i a !  effus i on .  
Decreased voltage i s  the o n ly s i gn if ica nt change .  

If an effusion is sufficiently large, the heart may actually rotate 
freely within the fluid-filled sac. This produces the phenomenon 
of electrical alternans in which the electrical axis of the heart varies 
with each beat. This can affect not only the axis of the QRS complex 
but also that of the P and T waves .  A varying axis is most easily 
recognized on the EKG by the varying amplitude of each waveform 
from beat to beat. 

E l ectr ica l a lternans .  The arrows po int  to each Q RS com p lex.  
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Other Cardiac Disorders � 
Hypertrophic Obstructive Cardiomyopa thy 

We have already discussed hypertrophic obstructive cardiomyopathy 
(HOCM) , also known as idiopathic hypertrophic subaortic stenosis, 
in the case ofTom L. Many patients with HOCM have normal 
EKGs, but left ventricular hypertrophy and left axis deviation are 
not uncommon. Q waves may sometimes be seen laterally and 
occasionally inferiorly. These do not represent infarction.  

I I  

H OC M .  S i g n if icant Q waves can be seen i n  both l atera l and  i nfer io r  leads .  
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Myocarditis 

Any diffuse inflammatory process involving the myocardium can 
produce a number of changes on the EKG.  Most common are 
conduction blocks, especially bundle branch blocks and hemiblocks . 

V1 

V2 

V3 

V4 

+ 

V5 

V6 

R ight  b u n d l e  branch b lock i n  a pat ient with act ive myoca rd i t i s  
fo l lowi ng  a v i ra l  i nfect ion . 
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Pulmonary Disorders 

Chronic Obstructive Pulmonary Disease (COPD) 

The EKG of a patient with long-standing emphysema may show 
low voltage, right axis deviation, and poor R wave progression in the 
precordial leads . The low voltage is caused by the dampening effects 
of the expanded residual volume of air trapped in the lungs . Right 
axis deviation is caused by the expanded lungs forcing the heart into a 
vertical or even rightward-oriented position, as well as by the pressure 
overload hypertrophy from pulmonary hypertension.  

COPD can lead to chronic cor pulmonale and right-sided 
congestive heart failure. The EKG may then show right atrial 
enlargement (P pulmonale) and right ventricular hypertrophy with 
repolarization abnormalities . 

avR V1 

aVL V2 

V4 

V5 

V6 

' ' ' 

C h ron i c  obstruct ive p u l monary d i sease.  Note the low vo ltage, extreme r ight  
ax i s  deviat ion ,  r ight  atr i a l  en l a rgement ( i n  lead I I ) ,  and  p record i a l  cr iter ia for 
r ight  ventr i cu l a r  hypertrophy .  
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Acute Pulmonary Embolism 

A sudden massive pulmonary embolus can profoundly alter the EKG.  
Findings may include the following: 

1 .  A pattern of right ventricular hypertrophy with repolarization 
changes, presumably due to acute right ventricular dilatation 

2. Right bundle branch block 

3 .  A large S wave in lead I and a deep Q wave in lead III .  This 
is called the S 1 Q3 pattern . The T wave in lead III may also be 
inverted. Unlike an inferior infarction, in which Q waves are 
usually seen in at least two of the inferior leads, the Q waves in 
an acute pulmonary embolus are generally limited to lead III .  

4 .  A number of arrhythmias may be produced; most common are 
sinus tachycardia and atrial fibrillation. 

I l l  
T h e  S 1 Q3 pattern o f  a mass ive pu lmona ry em bo lus .  

The EKG in a nonmassive pulmonary embolism is normal in most 
patients, or it may show only a sinus tachycardia. 



Central Nervous System Disease � 

Central Nervous System Disease 

Central nervous system (CNS) catastrophes, such as a subarachnoid 
bleed or cerebral infarction, can produce diffuse T wave inversion 
and prominent U waves .  The T waves are typically very deep and 
very wide, and their contour is usually symmetrical (unlike the 
asymmetrical inverted T waves of secondary repolarization associated 
with ventricular hypertrophy) . Sinus bradycardia also is commonly 
seen . These changes are believed to be due to involvement of the 
autonomic nervous system. 

V4 

Deep ly i nverted ,  wide T waves i n  lead V4 i n  a pat ient with a centra l 
ne rvous system b leed . 



� 7 Finishing Touches 

Sudden Cardiac Death 

By far the most common cause of sudden cardiac death is underlying 
atherosclerosis (coronary artery disease) triggering infarction and/or 
arrhythmia. However, there are other causes as well, some of which 
we have discussed. These include the following: 

Hypertrophic cardiomyopathy 

Long QT interval syndrome, acquired or congenital 

Arrhythmogenic right ventricular dysplasia, a heritable 
cardiomyopathy associated with fibrofatty infiltration of the right 
ventricular myocardium, and an important cause of ventricular 
arrhythmias and sudden death 

Wolff-Parkinson-White syndrome 

Viral myocarditis 

Infiltrative diseases of the myocardium (e.g. , amyloidosis and 
sarcoidosis) 

Valvular heart disease 

Drug abuse (especially cocaine and amphetamines) 

Commotio cordis, in which blunt force to the chest causes 
ventricular fibrillation 

Anomalous origin of the coronary arteries, in which constriction of 
the artery by surrounding tissue-exacerbating by the increased 
myocardial contractions of exercise-can cause ventricular fibrillation 

Brugada syndrome. 

Brugada syndrome occurs in structurally normal hearts, and in this 
way resembles the long QT syndromes. It is inherited as an autosomal 
dominant trait, yet it is much more common in men (especially those 
in their 20s and 30s) than in women. The cause in some patients is a 
genetic mutation affecting voltage-dependent sodium channels during 
repolarization. Brugada syndrome can be identified by a specific set of 
abnormalities on the EKG: a pattern resembling right bundle branch 
block and ST segment elevation in leads Vl , V2, and V3 . 



Sudden Cardiac Death � 

Brugada syndrome .  Note the r ight  b u n d l e  branch pattern and  
ST  e levatio n .  

The importance of  Brugada syndrome lies in  its propensity to 
cause ventricular arrhythmias that can cause sudden death. The 
most typical of these is a fast polymorphic ventricular tachycardia 
that looks just like torsades de pointes . Sudden death is most likely 
to occur during sleep. However, beta-blockers are of no help in this 
condition. Implantable cardiac defibrillators are a critical component 
of management. All family members of an affected patient must be 
screened for this condition.  

Polymorphous  ventr i cu l a r  tachyca rd ia  w i th  u n usua l ly na rrow QRS  
com p l exes i n  a pat ient with B rugada  syndrome .  
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The A thlete 's Heart 

Marathon runners and other athletes involved in endurance training 
that demands maximal aerobic capacity can develop alterations in their 
EKGs that can be quite unnerving if you are unfamiliar with them, 
but are in fact benign. These changes may include the following: 

1 .  A resting sinus bradycardia, sometimes even below 30 beats 
per minute! Rather than a cause for concern, this profound 
sinus bradycardia is a testimony to the efficiency of their 
cardiovascular system. 

2 .  Nonspecific ST segment and T wave changes . Typically, these 
consist of ST segment elevation in the precordial leads with 
T wave flattening or inversion. 

3. Criteria for left ventricular hypertrophy and sometimes right 
ventricular hypertrophy 

4. Incomplete right bundle branch block 

5 .  Various arrhythmias, including junctional rhythms and a 
wandering atrial pacemaker 

6. First-degree or Wenckebach AV block. 

S i n us b radyca rd ia  and  f i rst-deg ree AV b lock in a tr iath lete. 

None of these conditions is cause for concern, nor do they require 
treatment. More than one endurance athlete, undergoing a routine 
EKG, has been admitted to the cardiac care unit (CCU) because of 
unfamiliarity with these changes . 
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Athletes are at an increased risk of sudden death compared to age­

matched populations of nonathletes . The most common causes are 
disorders of the heart muscle and sudden ventricular arrhythmias . 
Preparticipation screening in young athletes with a careful physical 
examination and baseline EKG will prevent some of these deaths, and 
in certain countries , baseline echocardiograms are obtained as well. 

M isce l l a n eous Cond it ions 

Electrolyte Disturbances 

• Hyperkalemia: Evolution of ( 1 )  peaked T waves ,  (2) PR 
prolongation and P wave flattening, and (3) QRS widening. 
Ultimately, the QRS complexes and T waves merge to form a 
sine wave, and ventricular fibrillation may develop. 

• Hypokalemia: ST depression, T wave flattening, U waves 

• Hypocalcemia: Prolonged QT interval 

• Hypercalcemia: Shortened QT interval . 

Hypothermia 

• Osborn waves, prolonged intervals, sinus bradycardia, slow atrial 
fibrillation. Beware of muscle tremor artifact. 

Drugs 

• Digitalis: Therapeutic levels are associated with ST segment and T 
wave changes in leads with tall R waves; toxic levels are associated 
with tachyarrhythmias and conduction blocks; PAT with block is 
most characteristic. 

• Antiarrhythmic agents (and numerous other drugs, see page 270): 
Prolonged QT interval, U waves 
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Other Cardiac Disorders 

• Pericarditis: Diffuse ST segment and T wave changes . A large 
effusion can cause low voltage and electrical alternans. 

• Hypertrophic cardiomyopathy: Ventricular hypertrophy, left axis 
deviation, septal Q waves 

• Myocarditis: Conduction blocks 

Pulmonary Disorders 

• COPD: Low voltage, right axis deviation, poor R wave 
progression. Chronic cor pulmonale can produce P pulmonale 
and right ventricular hypertrophy with repolarization 
abnormalities . 

• Acute pulmonary embolism: Right ventricular hypertrophy with 
repolarization abnormalities , right bundle branch block, S 1 Q3 . 
Sinus tachycardia and atrial fibrillation are the most common 
arrhythmias . 

CNS Disease 

• Diffuse T wave inversion, with T waves typically wide and deep; 
U waves .  

The Athlete 's Heart 

• Sinus bradycardia, nonspecific ST segment and T wave changes, 
left and right ventricular hypertrophy, incomplete right bundle 
branch block, first-degree or Wenckebach AV block, occasional 
supraventricular arrhythmia. 
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Amos T . ,  a 2 5-yea r-o ld  g raduate student, is b ro u g ht by a m b u lance to the 

emergency room ,  c l utch i n g  h is chest and look i ng  not at a l l  wel l .  Vita l s i gns  

show a b lood pressu re of  90140 m m  H g  and  a n  i rreg u la r  pu l se .  H i s  rhythm 

str ip  looks l i ke th i s .  

Do you  recog n ize the a rrhyth m i a ?  

I 

The patient is i n  atr ia l  fi b r i l lat ion . There a re no P waves, the base l i ne  

undu lates, and  the  QRS comp lexes appear i rreg u la rly and  a re na rrow. 

Approp r iate measu res a re ta ken ,  a n d  Amos is converted back to s i n u s  

rhythm ,  a lthou g h  h i s  rate rema i n s  fast a t  a ro u n d  1 00 beats p e r  m i n ute .  

H i s  b lood p ressu re r ises t o  1 3 0/60 m m  H g .  Desp ite successfu l  convers ion 

of  h i s  rhyth m ,  h e  sti l l  com p l a i n s  of severe chest pa i n  a n d  shortness of 

b reath . The emergency room phys i c i an  wa nts to treat h i m  i m med iate ly 

for an acute myoca rd i a l  i nfa rct ion ,  but  you i n s ist on  a good 1 2 - lead E KG 

fi rst-not a n  u n reasonab le  req uest beca use,  except for h i s  tachyca rd ia ,  h is 

vita l s i gns  a re stab l e .  The E KG is obta i n ed .  

Do you now ag ree with the emergency room phys ic ia n 's assessment? 
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Of cou rse you don 't .  H opefu l ly, you not iced some of the fo l lowi ng  

features :  

1 .  The pat ient now has  a rate of 1 00 beats per m i n ute . 

2 .  A pattern of r ight  ventr i c u l a r  hypertrophy with repo la r izat ion  

abnorma l it ies i s  p resent .  

3 .  A deep Q wave i s  seen in  lead I l l  and a deep S wave in  lead I ,  the c lass ic  

5 1  Q3  of a n  acute p u l mona ry em bo lus .  

Do you now sta rt j ump ing  u p  and  down and  scream that  the  pat ient 

has a n  acute p u l monary embo lus?  No. You sta rt j ump i ng  up  and  

down and  scream that  the pat ient may have a p u l monary embo lus .  

These E KG fi nd i ngs a re suggestive but ha rd ly conc lus ive . You have 

done you r  job wel l  j u st by ra is i ng  the issue; appropr iate d iagnostic 

steps can now be taken . 

Amos is p laced on hepar i n  wh i l e  awa it i ng  h i s  chest CT sca n .  Th is  is  

done with i n  the hour, and the d i agnos is of a pu lmonary em bol ism is 

confi rmed . Amos rema ins  in the hospita l  for severa l days on  hepar in  

therapy and  is  d i scharged home on ora l  a nticoagu lant therapy. There 

is no recu rrence of h is pu lmonary embol i sm . 

By the way, i n  case you were wonder ing why Amos deve loped a 

pu lmonary embo l i sm,  you shou ld  know that he had a strong fam i ly 

h i story of deep venous thromboph leb it is , and  a ca refu l hematolog ic  

workup fou n d  that he had a n  i n her ited defic iency of prote i n  S ,  a 

normal  i n h i b itor of the coagu lat ion cascade .  Now, try to f ind that i n  

other  E KG books ! 
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U rsu l a  U .  was recently seen at you r  loca l hospita l  for pye loneph r i­

t is  (a u r i na ry tract i nfect ion i nvo lvi ng  the k idney) and d ischa rged 

home on the ant ib iot ic, tr i methopr i m-su lfamethoxazo le .  She seeks 

routi ne fo l l ow-u p  ca re with you .  She is fa i r ly new in town and new 

to you r  pract ice.  Her  infect ion certa i n ly seems to be respond i ng  

we l l  to  the  ant ib iot ic, bu t  you note that her  b lood pressu re is a 

l i tt le e levated at 1 45/9 5 .  She te l l s  you that she is cu rrently tak i ng  

the b lood pressu re med ication ,  l i s i nopr i l ,  a n  ang iotens in -converti ng  

enzyme i n h i b itor, but has not  seen a phys ic ian s i nce the d rug was 

p rescri bed . Someth i ng  c l i cks in you r  head,  and  you obta i n  an E KG .  

Here a re the trac ings  from just her  augmented l i m b  leads .  What 

do you see? 
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This  looks l i ke p retty wi ld  stuff. B ut ana lyze th i s  s lowly: the 

QRS com plexes a re clea rly very wide, and there a re no vis i b le  P 
waves. Although the QRS com plexes a n d  T waves a re d isti nct, 

they certa i n ly seem to be merg i n g  i nto a s ing le  confi g u ration (note 

particu larly lead aVR) . C o u l d  th is be some k ind  of id ioventricu la r  

rhythm (see page 1 40)? Wel l ,  perha ps, but the c l i n ica l context 

a rg ues for a n other i nterpretat ion . Both tri methopr i m-methoxazole  

a n d  l is inopr i l  ca n ca use hyperka lemia  that  is usua l ly mi ld ,  but com­

b i ned,  they ca n ca use severe, even l ife-threate n i n g  e levat ions i n  the 

seru m potass i u m .  And that's  what you a re see ing  here-severe E KG 

m a n ifestations of hyperka lemia ,  with a loss of P waves a n d  b road­

ened QRS com p l exes that a re beg i n n i n g  to merge with the T waves 

to create a s ine  wave pattern . 

Because of the r isk of ventricu la r  fi br i l lat ion i n  th is  sett ing,  you 

send U rsu la  r ight  to the emergency room where she is treated 

agg ressive ly for hyperka lemia ,  ta ken off her med icat ions, a n d  mon i ­

tored i n  the CCU u nt i l  her  E KG returns to  norma l .  Eventu a l ly she i s  

d ischa rged on a d ifferent antib iot ic and a d ifferent c lass  of  med ica­

t ion for her blood p ressure .  She does very wel l  and declares that 

you a re the best c l i n ic ian she has ever met and wi l l  recommend you 

to a l l  her  new friends .  





Putting It Al l Together 

In this chapter you will learn: 

J I a s imp l e  method to i n corporate everyth i n g  you have learned 

i nto a step-by-step a n a lys is of a ny E KG 

2 I that a l l  good th i ngs  m ust come to a n  end ,  and  we b id  you a 

re l u cta nt  a n d  fond  fa rewe l l ! 

29 1 I 
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And that is really all there is to it. 
Well, perhaps not quite all .  What we need now is a way to organize 

all of this information, a simple methodical approach that can be 
applied to each and every EKG. It is important that every EKG be 
approached in an orderly fashion, particularly while you are still new 
at this, so that nothing important is missed. As you read more and 
more cardiograms, what initially may seem forced and mechanical 
will pay big dividends and will soon seem like second nature . 

Two admonitions : 

1 .  Know your patient. It is true that EKGs can be read with fair 
accuracy in a little back room in total isolation, but the power 
of this tool only really emerges when it is integrated into a total 
clinical assessment (e.g. , in Case 1 1  that we just concluded) . 

2 .  Read EKGs. Then read some more. Read them wherever you 
can find them-in books, in papers, in patients' charts , on 
bathroom walls . And read other books;  this may be the only 
EKG book you will ever need, but it should not be the only 
one you will ever want to read. There are many outstanding 
textbooks, each with something special to offer. 



Putting It All Together � 
There are as many approaches to reading EKGs as there are 

cardiologists . Everyone ultimately arrives at a method that works best 
for him or her. The following 1 1 -Step Method is probably no better 
and no worse than most others . The first four steps are largely data 
gathering. The remainder are directed at specific diagnoses. 
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The 1 1 -Step Method for Reading EKGs 

Da ta Ga thering 

1 .  Standardization. Make sure the standardization mark on the 
EKG paper is 1 0  mm high so that 1 0  mm = 1 m V Also make 
sure that the paper speed is correct. 

2. Heart rate. Determine the heart rate by the quick three-step 
method described in Chapter 3 .  

3 .  Intervals. Measure the length of  the PR and QT intervals and 
the width of the QRS complexes . 

4 .  Axis. Is the axis of the P waves, QRS complexes, and T waves 
normal, or is there axis deviation? 

Diagnoses 

5 .  Rhythm. Always ask The Four Questions : 

Are there normal P waves present? 

Are the QRS complexes wide or narrow? 

What is the relationship between the P waves and QRS 
complexes? 

Is the rhythm regular or irregular? 

6. Atrioventricular (A VJ block. Apply the criteria in Chapter 4 .  

7 Bundle branch block or  hemiblock. Apply the criteria in  Chapter 4 .  

8 .  Preexcitation. Apply the criteria in Chapter 5 .  

(Note that steps 6 through 8 all involve looking fo r  disturbances of 
conduction. )  

9 .  Enlargement and hypertrophy. Apply the criteria for both atrial 
enlargement and ventricular hypertrophy. 

1 0 .  Coronary artery disease. Look for Q waves and ST segment and 
T wave changes. Remember that not all such changes reflect 
coronary artery disease; know your differential diagnoses . 

1 1 . Utter confusion. Is there anything on the EKG you don't 
understand? Can it be explained by any of the noncardiac or 
unusual cardial conditions discussed in Chapter 7? Are you 
totally lost? Never hesitate to ask for assistance. 



The 1 1 -Step Method for Reading EKGs � 
The following pages are memory joggers you can hang onto . Cut 
them out and stick them in that little black book of medical pearls 
that you carry around with you next to your smart phone. Cut 
them out anyway, even if you no longer carry a little black book; the 
exercise will do you good after sitting and staring bleary-eyed at this 
book for so long. 

The final chapter contains some sample EKGs for you to test 
yourself with. Some are easy; some are not. But here is an interesting 
note: all of these patients were seen by one physician in a single day! 
This should give you an idea of how common EKG abnormalities can 
be and how important it is to be able to read the darn things . 

And if you are still thinking, "Is this really all there is to it? , '' the 
answer-reminding you that information only becomes knowledge 
with wisdom and experience-is, "Yes ! "  



� 8 Putting It Al l  Together 

Review Charts 

The 12 Leads 

Anterior leads : Vl , V2, V3, V 4 

Inferior leads : II ,  III ,  AVF 

Left lateral leads : I ,  AVL, V5 , V6 

Right leads : aVR, Vl 

T h e  Precord i a l  Leads 

- 90 °  

o ·  1 10°) 

+ 90° 
a VF 

1+9o·) The L i m b  Leads 



P wave 

QRS co m p lex 

PR 
seg ment 

I I 

,_
P
_
R

-
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-
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-

r
-
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-
1 __,J ST 

i nterva l seg ment 

QT i nte rva l 

T wave 

The heart is composed of pacemaker cells, electrical conducting cells, and 
myocardial cells. Pacemaker cells depolarize spontaneously and initiate each 
wave of depolarization. The SA node is usually the dominant pacemaker. 
Electrical conducting cells carry current rapidly and efficiently to distant 
regions of the heart. Myocardial cells constitute the bulk of the heart. When 
a wave of depolarization reaches a myocardial cell, calcium is released with­
in the cell (excitation-contraction coupling) , causing it to contract. 

The P wave represents atrial depolarization. It is small and usually posi­
tive in the left lateral and inferior leads . It is often biphasic in leads III and 
VI . Typically, it is most positive in lead II and most negative in lead aVR. 

The QRS complex represents ventricular depolarization. It is usually 
predominantly positive in most lateral and inferior leads . Across the pre­
cordium, the R waves increase in size, progressing from Vl to VS . A small 
initial Q wave, representing septal depolarization, can often be seen in the 
left lateral and inferior leads . 

The T wave represents ventricular repolarization. It is the most variable 
waveform, but it is usually positive in leads with tall R waves. 

The PR interval represents the time from the start of atrial depolariza­
tion to the start of ventricular depolarization. 

The PR segment is the time from the end of atrial depolarization to the 
start of ventricular depolarization. 

The QRS interval represents the duration of the QRS complex. 
The ST segment represents the time from the end of ventricular depolar­

ization to the start of ventricular repolarization. 
The QT interval represents the time from the start of ventricular 

depolarization to the end of ventricular repolarization.  

2 9 7  I 
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Calcula ting the Axis 

Lead I Lead a VF 
Normal axis 

Left axis deviation 

Right axis deviation 

Extreme right axis deviation 

Atrial Enlargement 

Look at the P wave in leads II and Vl . 

+ 

+ 

Right atrial enlargement is characterized by the following: 

1 .  Increased amplitude of the first portion of the P wave 

2 .  No change in the duration of the P wave 

3 .  Possible right axis deviation of the P wave. 

Left atrial enlargement is characterized by the following: 

1 .  Occasionally, increased amplitude of the terminal 
component of the P wave 

2 .  More consistently, increased P wave duration 

3 .  No significant axis deviation. 

+ 

+ 



Ventricular Hypertrophy 

The 1 1 -Step Method for Reading EKGs � 

Look at the QRS complexes in all leads . 
Right ventricular hypertrophy is characterized by the following: 

I .  Right axis deviation of greater than I 00° 

2 .  Ratio of R wave amplitude to S wave amplitude greater than 
I in VI and less than I in V6 . 

Left ventricular hypertrophy is characterized by many criteria. The more 
that are present, the greater the likelihood that left ventricular hypertrophy 
is present. 

Precordial criteria include the following: 

I .  The R wave amplitude in V5 or V6 plus the S wave amplitude in 
VI or V2 exceeds 35 mm. 

2. The R wave amplitude in V5 exceeds 26 mm. 

3 .  The R wave amplitude in V6 exceeds IS mm. 

4. The R wave amplitude in V6 exceeds the R wave amplitude in V5 . 

Limb lead criteria include the following: 

1 .  The R wave amplitude in aVL exceeds I 3  mm. 

2 .  The R wave amplitude in a VF exceeds 2 I mm. 

3. The R wave amplitude in I exceeds I4 mm. 

4 .  The R wave amplitude in I plus the S wave amplitude in III exceeds 
25 mm. 

The presence of repolarization abnormalities (asymmetric ST 
segment depression and T wave inversion) indicates clinically significant 
hypertrophy, is most often seen in those leads with tall R waves ,  and may 
herald ventricular dilatation and failure. 
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The four basic types of arrhythmias are as follows: 

1 .  Arrhythmias of sinus origin 

2. Ectopic rhythms 

3. Conduction blocks 

4 .  Preexcitation syndromes. 

Whenever you are interpreting the heart's rhythm, ask The Four 
Questions : 

1 .  Are normal P waves present? 

2. Are the QRS complexes narrow (less than 0 . 1 2  seconds in 
duration) or wide (greater than 0 . 1 2  seconds) ? 

3 .  What is the relationship between the P waves and the QRS 
complexes? 

4 .  Is the rhythm regular or irregular? 

The answers for normal sinus rhythm are the following: 

1 .  Yes, P waves are present. 

2. The QRS complexes are narrow. 

3 .  There is one P wave for every QRS complex. 

4. The rhythm is regular. 



(A) Norma l s i n u s  rhyt h m .  

(8) S i n u s  tachyca rd ia .  

1 "  

(C) S i n u s  b radyca rdia .  

(D) S i n u s  arrest o r  ex it  b lock.  

The 1 1 -Step Method for Reading EKGs � 

. " 

1 

(E) S i n u s  arrest or exit b lock with j u nct ional  esca pe. 
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Supra ventricular Arrhythmias 

Paroxysmal 
supraventricular 
tachycardia (PSVT) 

Flutter 

Fibrillation 

Multifocal atrial 
tachycardia (MA T) 

Paroxysmal atrial 
tachycardia (PA T) 

C h a racte r i st i cs 

Regular 
P waves are retrograde if visible 
Rate: 1 50 to 250 bpm 
Carotid massage: slows or terminates 

Regular, saw-toothed 
2 : 1 ,  3 : 1 ,  4 : 1 ,  etc . ,  block 
Atrial rate : 250 to 350  bpm 
Ventricular rate: one-half, one-third, 

one-fourth, etc., of the atrial rate 
Carotid massage: increases block 

Irregular 
Undulating baseline 
Atrial rate : 350  to 500 bpm 
Ventricular rate: variable 
Carotid massage: may slow 

ventricular rate 

Irregular 
At least three different P wave 
morphologies 
Rate: Usually 1 00 to 200 bpm; 

sometimes less than 1 00 bpm 
Carotid massage: no effect 

Regular 
Rate: 1 00 to 200 bpm 
Characteristic warm-up period in 

the automatic form 
Carotid massage: no effect, or 

only mild slowing 

E KG 



The 1 1 -Step Method for Reading EKGs � 

Ventricular Arrhythmias 

(A)  Premature ve ntri c u l a r  contract ions (D)  Accelerated i d i oventricu l a r  rhyth m .  

(PVCs) . 

( B )  Ventricu l a r  tachyca rd ia .  ( E )  Torsa des de poi ntes. 

(C) Ventricu l a r  f ibr i l lat ion.  

Rules of Aberrancy 

Clinical Clues 

Clinical history 

Carotid massage 

Cannon A waves 

EKG Clues 

AV dissociation 

Regularity 

Fusion beats 

Initial QRS 
deflection 

Ventr icu l a r  
tachyca rd i a  (VT) 

Diseased heart 

No response 

May be present 

May be seen 

Slightly irregular 

May be seen 

May differ from normal 
QRS complex 

Pa roxys m a l  
s u  praventr icu l a  r 
tachyca rd ia  (PSVT) 

Usually normal heart 

May terminate 

Not seen 

Not seen 

Very regular 

Not seen 

Same as normal QRS 
complex 
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AV Blocks 

AV block is diagnosed by examining the relationship of the P waves to 
the QRS complexes . 

1 .  First degree: The PR interval is greater than 0 .2  second; all beats are 
conducted through to the ventricles . 

2 .  Second degree: Only some beats are conducted through to the 
ventricles .  

a. Mobitz type I (Wenckebach): Progressive prolongation of the 
PR interval until a QRS is dropped 

b. Mobitz type II: All-or-nothing conduction in which QRS 
complexes are dropped without PR interval prolongation 

3 .  Third degree: No beats are conducted through to the ventricles . 
There is complete heart block with AV dissociation in which the 
atria and ventricles are driven by independent pacemakers . 

(A) F i rst-degree AV block.  (8) Mob itz type I second-degree AV block (Wenckebach b lock). 

(C) M o b itz type I I  second-degree AV block.  

(D) Th i rd-deg ree AV block. 



Bundle Branch Blocks 

The 1 1 -Step Method for Reading EKGs � 

Bundle branch block is diagnosed by looking at the width and 
configuration of the QRS complexes . 

Criteria for Right Bundle Branch Block 

1 .  QRS complex widened to greater than 0 . 1 2  seconds 

2. RSR' in leads Vl and V2 (rabbit ears) with ST segment depression 
and T wave inversion 

3. Reciprocal changes in leads V5 , V6, I ,  and aVL. 

Criteria for Left Bundle Branch Block 

1 .  QRS complex widened to greater than 0 . 1 2  seconds 

2. Broad or notched R wave with prolonged upstroke in leads V5 , 
V6, I, and a VL with ST segment depression and T wave inversion 

3. Reciprocal changes in Vl and V2 

4 .  Left axis deviation may be present. 
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Hemiblocks 

Hemiblock is diagnosed by looking for left or right axis deviation. 

Left Anterior Hemiblock 

1 .  Normal QRS duration and no ST segment or T wave changes 

2. Left axis deviation greater than -30° 

3 .  No other cause of left axis deviation is  present. 

Left Posterior Hemiblock 

1 .  Normal QRS duration and no ST segment or T wave changes 

2. Right axis deviation 

3. No other cause of right axis deviation is present. 

Bifascicular Block 

The features of the right bundle branch block combined with the left 
anterior hemiblock are as follows: 

Right Bundle Branch Block 

• QRS wider than 0 . 1 2  seconds 

• RSR' in Vl and V2. 

Left Anterior Hemiblock 

• Left axis deviation. 

The features of the right bundle branch block combined with the left 
posterior hemiblock are as follows : 

Right Bundle Branch Block 

• RS wider than 0 . 1 2  seconds 

• RSR' in Vl and V2. 



Left Posterior Hemiblock 

• Right axis deviation. 

Preexcita tion 

The 1 1 -Step Method for Reading EKGs � 

Criteria for Wolff-Parkinson- White (WPW) Syndrome 

1 .  PR interval less than 0 . 1 2  seconds 

2. Wide QRS complexes 

3 .  Delta wave seen in some leads . 

Criteria for Lown-Ganong-Levine (L GL) Syndrome 

1 .  PR interval less than 0 . 1 2  seconds 

2. Normal QRS width 

3 .  No delta wave. 

Arrhythmias commonly seen include the following: 

1 .  Paroxysmal supraventricular tachycardia-narrow QRS 
complexes are more common than wide ones. 

2 .  Atrial fibrillation-can be very rapid and can lead to 
ventricular fibrillation. 
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Myocardial Infarction 

A B c D 

The diagnosis of a myocardial infarction is made by history, physical 
examination, serial cardiac enzyme determinations, and serial EKGs. 
During an acute infarction, the EKG evolves through three stages : 

1 .  The T wave peaks (A) and then inverts (B) . 

2 .  The ST segment elevates ( C) .  
3 .  Q waves appear (D) . 

Criteria for Significant  Q Wa ves 

1 .  The Q wave must be greater than 0 .04 seconds in duration. 

2 .  The depth of the Q wave must be at least one-third the height of 
the R wave in the same QRS complex. 

Criteria for Non-Q Wa ve Infarctions 

1 .  T wave inversion 

2. ST segment depression persisting for more than 48 hours in the 
appropriate setting. 



Localizing the In farct 

The 1 1 -Step Method for Reading EKGs � 

Inferior infarction: leads II ,  III ,  and a VF 

Often caused by occlusion of the right coronary artery or its descending 
branch 

Reciprocal changes in anterior and left lateral leads. 

Lateral infarction: leads I, a VL, VS , and V6 

Often caused by occlusion of the left circumflex artery 

Reciprocal changes in inferior leads . 

Anterior infarction: any of the precordial leads (Vl through V6) 

Often caused by occlusion of the left anterior descending artery 

Reciprocal changes in inferior leads 

Posterior infarction: reciprocal changes in lead Vl (ST segment depression, 
tall R wave) 

Often caused by occlusion of the right coronary artery. 
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The ST Segment 

ST segment elevation may be seen 

1 .  with an evolving infarction 

2. in Prinzmetal's angina. 

ST segment depression may be seen 

1 .  with typical exertional angina 

2. in a non-Q wave infarction. 

ST depression is also one indicator of a positive stress test. 

Other causes of ST segment elevation: 

J point elevation 

Apical ballooning syndrome 

Acute pericarditis 

Acute myocarditis 

Hyperkalemia 

Pulmonary embolism 

Brugada syndrome 

Hypothermia 



Miscellaneous EKG Changes 

Electrolyte Disturbances 

The 1 1 -Step Method for Reading EKGs � 

• Hyperkalemia: Evolution of peaked T waves ,  PR prolongation 
and P wave flattening, and QRS widening. Ultimately, the 
QRS complexes and T waves merge to form a sine wave, and 
ventricular fibrillation may develop. 

• Hypokalemia: ST depression, T wave flattening, U waves 

• Hypocalcemia: Prolonged QT interval 

• Hypercalcemia: Shortened QT interval . 

Hypothermia 

• Osborn waves, prolonged intervals, sinus bradycardia, slow 
atrial fibrillation; beware of muscle tremor artifact. 

Drugs 

• Digitalis: Therapeutic levels associated with ST segment and T 
wave changes in leads with tall R waves; toxic levels associated 
with tachyarrhythmias and conduction blocks; PAT with block 
is most characteristic. 

• Sotalol, quinidine, procainamide, disopyramide, amiodarone, 
dofetilide, dronedarone, tricyclic antidepressants, erythromycin, the 
quinolones, the phenothiazines, various antifungal medications, 
some antihistamines: prolonged QT interval, U waves . 
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Other Cardiac Disorders 

• Pericarditis: Diffuse ST segment and T wave changes . A large effusion 
can cause low voltage and electrical alternans . 

• Hypertrophic cardiomyopathy: Ventricular hypertrophy, left axis 
deviation, septal Q waves 

• Myocarditis: Conduction blocks . 

Pulmonary Disorders 

• Chronic obstructive pulmonary disease (COPD): Low voltage, right 
axis deviation, poor R wave progression. Chronic cor pulmonale 
can produce P pulmonale and right ventricular hypertrophy with 
repolarization abnormalities. 

• Acute pulmonary embolism: Right ventricular hypertrophy with 
strain, right bundle branch block, S 1 Q3 .  Sinus tachycardia and atrial 
fibrillation are the most common arrhythmias . 

Central Nervous System Disease 

• Diffuse T wave inversion, with T waves typically wide and deep; 
U waves .  

The A thlete 's Heart 

• Sinus bradycardia, nonspecific ST segment and T wave changes, 
left and right ventricular hypertrophy, incomplete right bundle 
branch block, first-degree or Wenckebach AV block, occasional 
supraventricular arrhythmia. 



How Do You Get 
to Carnegie Hal l?1 

The following EKGs will allow you to try out your new skills . Use 
the 1 1 -Step Method; don't overlook anything; take your time. Ready? 
Here we go : 

;;; 

' " ' " 

S i n us tachyca rd i a .  Note a l so the presence of left ax is deviat ion . 

' P ractice, p ractice, practice ! 

3 1 3  I 



� 9 How Do You Get to Carneg ie Hal l ?  

T h e  rhyth m i s  s i nu s  tachyca rd i a .  D e e p  anter ior  Q waves and  latera l 
Q waves i n d i cate a n  a nterolatera l myoca rd i a l  i nfa rct i o n .  



How Do You Get to Carnegie Hall ? � 

The Q RS com p lexes a re wide and  d i storted . I n  leads VS a n d  V6, the QRS com p l exes 
a re notched,  and  there i s  ST seg ment depress ion  and  T wave i nve rs ion . Th i s  pat ient 
has  l eft bund l e  branch b lock .  



� 9 How Do You Get to Carneg ie Hal l ?  

'I !.J " ' II' J " 

The b road ,  abnorma l  Q RS com p l exes may i m m ed iately attract you r  
attent ion ,  b u t  not ice t h e  pacer sp i kes before each o n e .  T h e  sp i kes 
a re p receded by a P wave ( look at leads I I ,  I l l ,  aVF, V 1 , and V2) .  Th i s  
pacemaker  f i res whenever i t  senses a P wave, ensur i ng  ventr icu l a r  
contractio n .  



How Do You Get to Carnegie Hall ? � 

Note the deep Q waves i n  leads I l l  a n d  aVF. Th i s  trac ing  shows a n  
i nfe r ior  i n fa rct . 



� 9 How Do You Get to Carneg ie Hal l ?  

T h e  sa l i ent featu res he re a re t h e  short PR i n terva l ,  the broadened Q RS com p l ex, 
a n d  the te l lta l e  de lta waves (best seen in leads aVL a n d  aVF) of Wolff-Pa rk inson­
Wh ite syndrome .  



How Do You Get to Carnegie Hall ? � 

The QRS  com p l exes a re g reatly widened,  with beaut i fu l  rabb i t  ears i n  
lead V 1 . Th i s  pat ient h a s  r ight  b u n d le branch b lock .  

The rate i s  very fast and  reg u l a r, and  the QRS comp lexes a re nar row. 
Retrograde P waves can be seen in lead I l l .  This patient has a 
pa roxysma l  sup raventr i cu l a r  tachyca rd i a .  



� 9 How Do You Get to Carneg ie Hal l ?  

T h e  rhythm i s  i rreg u l a r, and  the Q RS com p lexes a re na rrow. T h i s  
pat ient i s  i n  atr i a l  f ib r i l l at i on .  

A re  you  confused by  what  a p pears to  be extreme r i gh t  ax i s  deviat io n ?  
Actua l ly, i n  t h i s  i nstance, t h e  E KG e lectrodes were acc identa l ly 
reversed-the r ight  arm and  l eft arm e lectrodes were p l aced on the 
wrong arms .  When you see a ta l l  R wave i n  lead aVR and a deep S 
wave i n  lead I ,  check you r  e lectrodes .  



1-1 1  

How D o  You Get to Carnegie Hall ? � 

-

Everywhere you look,  you see d ramat ic  ST segment e levatio n .  Th i s  EKG  
shows a n  evo lv ing i nfa rct affect i ng  the ent i re heart !  

You a re sta r i ng  a t  the c lass ic  saw-toothed pattern of atr i a l  f l utte r .  
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Wolff-Pa rk inson-Wh ite syndrome .  
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140 
Accessory conduction pathways, 

204-205 
James fibers, 208 
Kent bundles . See Bundle of Kent 

Actin, in myocardial cells, 1 6  
Action potential, peacemaker cells, 

1 3- 1 4  
Acute coronary syndrome, 233 
Adenosine 

cardiac stress testing with, 254 
for reentrant tachycardias, case 

example, 2 1 6-2 1 7  
Adenosine stress testing, 254 
Ambulatory monitoring, 1 00- 1 0 1  
Amplitude, EKG wave, 1 7- 1 8  

i n  hypertrophy and enlargement, 
64, 77 

Aneurysm, ventricular, 226 
Angina, 97, 246 

Prinzmetal's angina, 247 
Angioplasty, for myocardial infarc­

tion, 233 
Angle of orientation 

electrode placement, 39 
limb leads, 39 ,  42 

Anterior fascicle, left bundle branch, 22 
Anterior infarction 

anatomic site, 235 

case example, 25 5-260 
characteristic, 236, 239 

Anterior leads, precordial, 44 
Antiarrhyrhmic agents, QT interval 

and, 270 
Aortic insufficiency, 62 
Aortic stenosis, ventricular hypertro­

phy and, 87, 89  
Apical ballooning syndrome, 245 
Arrhythmia(s) 

clinical manifestations of, 97 
defined, 96 
heart rate calculation, 1 02-1 05 
Holter and event monitors, 

1 00-1 0 1  
implantable cardioverter­

defibrillators, 1 52 
precipitating factors, 98  
programmed electrical stimulation, 

1 5 1- 1 52 
review chart, 300 
on rhyrhm strip, 99 
of sinus origin, 1 07- 1 1 3  
sudden cardiac death and, 

280-28 1 
supraventricular, 120- 1 3 5  
supraventricular vs. ventricular, 

1 43-149  
types, 1 06 
ventricular. See Ventricular 

arrhythmias 
Arrhyrhmogenic right ventricular 

dysplasia, 280 
Ashman phenomenon, 1 48-149 
Asystole, 1 09 
Atherosclerosis, 280 

Atherosclerotic plaque, 1 27, 220 
Athletes 

EKG changes seen in, 282-283 
review chart, 3 1 2  

heart rate in, 96 
Atrial abnormalities, 63 
Atrial conducting system, 1 5 ,  20-2 1 

AV node and, 20-2 1 
depolarization, 1 9-20 
repolarization, 26-27 

Atrial contractions, premature. See 
Atrial premature beats 

Atrial enlargement, 62, 63, 78 
arrhythmia and, 98  
EKG wave changes in ,  64 ,  78,  8 1  
left, 80 

P wave and, 63, 78-80 
right, 79, 8 1  

Atrial fibrillation, 130  
carotid massage in, 1 30 
characteristics, 1 3  5 
on rhythm strip, 320, 323 
in Wolff-Parkinson-White 

syndrome, 2 1 3-2 1 4  
Atrial flutter, 1 28-1 29 

atypical, 1 34 
characteristics, 1 3 5  
QRS complex in, 1 28 
on rhythm strip, 32 1 

Atrial pacemaker 
implementation, 1 96 
rate, 1 1 0 

Atrial premature beats, 120  
Atrioventricular node. See AV node 
Atypical atrial flutter, 1 34 
Augmented leads, 38 ,  38/ 
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Augmented limb leads, 40 
Automatic ability, cardiac cells, 1 5  

Automatic external defibrillators, 
1 53- 1 54 

Automaticity, enhanced 
digitalis toxicity and, 1 1 4 

AV blocks, 1 28 
anatomic site, 1 1 6 
first-degree, 1 0 8 ,  1 65-1 66 
right bundle branch block and 

hemiblocks with, 1 93-1 94 
second-degree. See Second-degree 

AV block 
third-degree. See Third-degree 

heart block 
AV dissociation, 1 1 8  

supraventricular vs. ventricular 
arrhythmias, 1 43- 1 44 

third-degree heart block and, 
1 70- 1 72 

AV node, 20 
carotid massage and, 126 

junctional escape and, 1 1 1  
reentrant tachycardia. See Par-

oxysmal supraventricular 
tachycardia 

Axis deviations, 70-7 1 ,  76. See also 
Left axis deviation; Right axis 
deviation 

calculating, 298 
hemiblocks causing, 1 85- 1 86 

B 
Bachman's bundle, 1 5  
Baroreceptors, carotid, 126 
Beta blockers, 93 

conduction effects, 1 29 
QT interval and, 272 

Bifascicular block 
electrocardiographic criteria for, 

1 89-1 90 
on rhythm strips, 1 92 

Bigeminy, 1 36 
Biphasic wave 

in depolarization, 34, 36, 54 
in repolarization, 35  

Blood pressure, carotid massage 
and, 1 26 

Bradycardia 
arrhythmia and, 98  
on rhythm strip, 323 

Brady-tachy syndrome, case example, 
1 5 8- 1 59 

Breathing, sinus arrhythmia and, 1 08 
Brugada syndrome, 280-28 1 
Bundle branch blocks 

anaromic site, 1 64, 1 77 
critical rate in, 1 82 
incomplete, 1 92  
left. See Left bundle branch block 

QRS complex in, 1 77-1 82 
repolarization and, 1 8 1  
review chart, 305 
right. See Right bundle branch 

block 
R waves in, 1 78- 1 79 
ST segment in, 1 8 1  
S waves in, 1 78- 1 79 
T waves in, 1 8 1  
ventricular depolarization and, 

1 77- 178 
ventricular hypertrophy 

and, 1 83 
Wolff-Parkinson-White syndrome 

and, 2 1 0  
Bundle branches, 22-23 

ventricular, 1 77-1 78 
Bundle of His, 22, 23,  1 5 1  

block localization and, 1 70 
depolarization and, 1 77 

first-degree AV block and, 1 65 
potential, 1 5 1  

Bundle of Kent, in Wolff-Parkinson­
White syndrome, 206-207 

atrial fibrillation and, 2 1 3-2 1 4  
PSVT and, 2 1 0-2 1 2  

c 
Calcium 

cell contraction and, 1 6  
disorders, 266 

Cannon A waves, 1 46 
Cardiac care units, 97 
Cardiac cells 

automatic ability, 1 5  
electrical polarity, 1 0  

repolarization, 1 1  
types, 1 2- 1 6  

Cardiac cycle, QT interval and, 5 7  
Cardiac death, sudden 

arrhythmia and, 280 
Cardiac enzymes 

after myocardial infarction, 22 1-222 
angina attack and, 246 

Cardiac resynchronization therapy 
(CRT) , 1 9 8  

Cardiograms. See EKG entries 
reading. See Reading EKGs 

Carotid massage 
in atrial fibrillation, 1 3 0  
AV block, 1 28 
in PSVT, 1 26-1 27 
technique, 1 27 

Catheter ablation, in EPS, 1 52 
Catheterization, for myocardial 

infarction, 233 
CCU. See Cardiac care units 
Cellular electro physiology, 1 0- 1 1 

Central nervous system, EKG 
changes and, 279, 284 

review chart, 3 1 2  
Chest pain. See Angina 
Chromosomal abnormalities, QT 

interval and, 272 
Chronic obstructive pulmonary 

disease, 277 
CK (creatinine kinase) , in myocardial 

infarction, 22 1 

CNS. See Central nervous system 
Complete heart block. See 

Third-degree heart block 
Conducting systems. See also Atrial 

conducting system; Ventricu­
lar conducting system 

accessory pathways, 204-205 
in degenerative disease 

bundle branch block, 1 82 
third-degree heart block, 1 7  4 

Conduction blocks, 1 06, 1 64-202 
AV blocks . See AV blocks 
bundle branch blocks. See Bundle 

branch blocks 
defined, 1 64 
in digitalis toxicity, 269 



hemiblocks. See Hemiblocks 
incomplete, 1 92 
nonspecific intraventricular 

delay, 1 92 
Conduction delay, nonspecific 

intraventricular, 1 92 
Conduction, reentry circuits and, 

1 1 5- 1 1 6  

Configuration, EKG wave, 1 7  
Congenital heart block, 1 7  4 
Congestive heart failure, 97 
Contractile proteins, in myocardial 

cells, 1 6  
COPD (Chronic obstructive 

pulmonary disease) , 
277, 3 1 2  

Coronary arteries, infarct localization 
and, 234-236 

Coronary artery disease, ST segment 
depression in, 246 

Coronary artery occlusion. See 
Myocardial infarction 

Creatine kinase, in myocardial 
infarction, 22 1 

Critical rate, in bundle branch block, 
1 82 

D 
Defibrillators 

external, 1 53-1 54 

implantable, 1 49 
Deflection. See Wave orientation 
Delta waves, in Wolff-Parkinson­

White syndrome, 206-207, 
3 1 8  

pseudoinfarct pattern and, 249 
Demand pacemakers, 1 95-1 99 
Depolarization, 1 0- 1 1 

atrial, 1 9-20.  See also P waves 
biphasic wave and, 34 
myocardial cells, 1 6  
pacemaker cells, 1 2- 1 3  
review chart, 297 
septa!, in QRS complex, 24-26 
ventricular. See Ventricular depo-

larization 
wave characteristics, 1 7  
wave deflection in, 32-34 

Deviations, electrical axis. See Axis 
deviations 

Digitalis effect, 268 
Digitalis toxicity 

ectopic rhythm and, 1 1 4 
EKG changes in, 268,  269 

Dobutamine stress testing, 254 
Double product measure, 25 1 

Drugs 
arrhythmia and, 98 
EKG changes associated with, 

268-269, 283 
review chart, 3 1 1  

Duration, EKG wave, 17 .  See also 
Intervals, on EKG recording; 
Segments, on EKG recording 

in hypertrophy and enlargement, 

64, 77 

in left atrial enlargement, 80 
paper recording, 1 7- 1 8  
QRS complex, i n  left ventricular 

hypertrophy, 87 
Dysrhythmia. See Arrhythmia(s) 

E 
Early repolarization, 227 
Ectopic rhythms, 1 06, 1 1 4 
Effusion, pericardia!, 274 
EKG paper, axis measurement on, 

1 7- 1 8  

EKG patterns 
conditions affecting, 283-284. 

See also individually named 
conditions 

case example, 285-290 
factors affecting, 262-284 
left ventricular hypertrophy, 90 
normal, 3 ,  58 

Elapsed time. See Duration, EKG 
wave 

Electrical activity, recorded. See 
Waves 

Electrical alternans, 27 4 
Electrical axis, EKG wave, 65-66, 

72-74 
in hypertrophy and enlargement, 64 

deviations, 70-7 1 
QRS. See QRS axis 

Index 327 

Electrical conducting cells, 1 5  
Electrical inactivity. See Asystole 
Electrical polarity. See also Depolari-

zation; Repolarization 
cardiac cells, 1 0  
and deflections, 32-34 

Electrocardiograms. See EKG entries 
reading. See Reading EKGs 

Electrocardiographic picture, of left 
atrial enlargement, 80 

Electrode placement 
incorrect, recording from, 320 
in 1 2-lead system, 38 ,  38/ 

limb leads. See Limb leads 
precordial leads. See Precordial 

leads 
in 1 5-lead system, 236 
pacemaker cells and, 34 

wave relationship to, 32-36 
Electrolyte disturbances 

arrhythmia and, 98 
EKG changes in, 263-266, 283 
review chart, 3 1 1  

Electrophysiologic studies, 1 5 1- 1 52 
Electrophysiology, cellular, 1 0- 1 1 
1 1 -step method, for reading EKGs, 

294-295 
Enlargement, heart chambers, 62 .  

See also Atrial enlargement; 
Ventricular enlargement 

EKG wave changes in, 64 
Enzymes. See Cardiac enzymes 
Epicardial pacemaker, 1 98 ,  1 99/ 
EPS (electrophysiologic studies) , 

1 5 1 -1 52 
Escape beats, 1 09 

ectopic rhythms vs., 1 1 4 
nonsinus, 1 1 1  

Event monitoring, 1 00- 1 0 1  
Excitation-contraction coupling, 1 6  
Exercise tolerance testing. See Stress 

testing 
Extreme right axis deviations, 7 1  

F 
Fainting. See Syncope 
Fascicles, left bundle branch, 22-23 

hemiblocks and, 1 84 



Fascicular block, 1 64.  See also Bundle 
branch blocks 

Fibrillation. See Atrial fibrillation 
Fibrillation waves, 1 30 
Fibrofatty infiltration, of right ven­

tricular myocardium, 280 
1 5-lead system, in myocardial infarc­

tion, 236 
First-degree AV block, 1 64- 1 66, 1 75 

anatomic site, 1 64 
in athlete, 282 
case example, 200-202 

diagnosis of, 1 6 5  
Fixed rate pacemakers, 1 9 5  
Flutter. See Atrial flutter 
Flutter waves, 1 29 
Frontal (coronal) plane, limb leads 

and, 38-39 
Fusion beats 

supraventricular vs. ventricular 
arrhythmias, 1 47 

in Wolff-Parkinson-White syn­

drome, 206-207 

H 
Heart 

cells. See Cardiac cells 
congestive failure, 97 
dimensional aspects, 37 
enlarged. See Atrial enlargement; 

Ventricular enlargement 
hypertrophied. See Ventricular 

hypertrophy 
standard EKG for. See 1 2-lead 

system 
Heart rate 

in athletes, 96 
in bundle branch block, 1 82 
EKG calculation, 1 02-1 0 5  
and QT interval, 56-57 
resting, 96 

Heart rhythm 
assessment, 1 1 7-1 1 8  
normal. See Sinus rhythm, normal 
review chart, 300-30 1 

Hemiblocks, 1 64, 1 84- 1 8 8  
AV blocks and right bundle branch 

block with, 1 93-1 94 

axis deviations caused by, 
1 85- 1 86 

criteria for, 1 8 8  
fascicles and, 1 84 
QRS complex in, 1 87-1 88 
review chart, 306-307 
right bundle branch block with. 

See Bifascicular block 
R waves in, 1 85-1 86 
S waves in, 1 86 

His bundle. See Bundle of His 
HIS DEBS mnemonic, 98  

HOCM. See Hypertrophic obstruc-
tive cardiomyopathy 

Holter monitoring, 1 00- 1 0 1  
Horizontal plane, precordial leads 

and, 43-44 
atrial depolarization in, 49/ 

Hyperacute T waves, 224 
Hyperkalemia, 263-264 

P waves, 264 
Hypertension, EKG, case study, 9 1  

Hypertrophic obstructive 
cardiomyopathy, 92-93,  275 

accessory conduction pathways 
in, 205 

Hypertrophy, ventricular. See 
Ventricular hypertrophy 

Hypokalemia, 98 ,  265 
Hypothermia, EKG changes in, 267 

review chart, 3 1 1  
Hypoxia 

I 

arrhythmia and, 98  
case example, 1 5 8- 1 59 

Idioventricular escape, 1 7 1  
Idioventricular rhythm, 1 40 

P waves in, 1 40 
Implantable cardioverter­

defibrillators, 1 52/ 
Impulse formation, abnormal, 

1 1 5 .  See also Automaticity, 
enhanced 

Impulse transmission, abnormal . 
See Reentrant rhythms 

Incomplete bundle branch block, 
1 92 

Infarct localization, 234-242 
anterior. See Anterior infarction 

EKG limitations in diagnosing, 249 
inferior. See Inferior infarction 
lateral. See Lateral infarction 
posterior. See Posterior infarction 
subendocardial, 243 
transmural, 243 

Inferior infarction 
with acute posterior infarction, 242 
anatomic site, 235 ,  235/ 
characteristics, 238 

Q waves and, 228, 3 1 4  
Inferior leads, 42 
Intervals, on EKG recording, 30, 3 1 .  

See also P R  interval; QRS 
interval; QT interval 

review chart, 29 1 
segment vs., 28 

Irritation, arrhythmia and, 98  
lschemia 

J 

arrhythmia and, 98  

in cardiac disease, ST segment 
status in, 248 

in coronary artery disease, bundle 
branch block in, 1 82 

myocardial, 224 

James fibers, in Lown-Ganong­
Levine syndrome, 208,  208/ 

J (junction) point elevation, 227 
Junctional escape, 1 1 1  

on rhythm strip, 1 1 3 

Junctional pacemaker rate, 1 1 0 
escape beat, 1 1 1  

Junctional premature beats, 1 20-1 22 
J waves, in hypothermia, 267 

K 
Kent bundle. See Bundle of Kent 

L 
LAD. See Left anterior descending 

artery 
Lateral infarction 

anatomic site, 235 
characteristics, 235 ,  236, 238 



Leads 
anterior, 44 
inferior, 42 
in 1 2-lead system, 38 ,  38/ 

axis deviations and, 70-7 1 
limb. See Limb leads 
precordial. See Precordial leads 

in 1 5-lead system, 236 
left lateral, 42, 44 

Left anterior descending artery, 234 
anterior infarct of, 239 

Left anterior hemiblock, 1 8 5 ,  1 8 8  
Left atrial enlargement, 8 0 ,  8 1  

electrocardiographic picture of, 80 
Left axis deviation, 71  

in left anterior hemiblock, 1 85 ,  1 87 
in sinus tachycardia, 3 1 3  
i n  ventricular hypertrophy, 75 

Left bundle branch, 22-23 
Left bundle branch block, 1 80 

anatomic site, 1 80 
criteria for, 1 83 
QRS complex in, 1 80 ,  3 1 5  
o n  rhythm strip, 3 1 5  
S waves in, 1 80 

Left circumflex artery, 234 
lateral infarct of, 238 

Left lateral leads 

limb, 42 
precordial, 44 

Left main artery, 234 
Left posterior hemiblock, 1 86,  1 88 
Left ventricular hypertrophy, 75 ,  

84, 90 
diagnostic criteria, 84 
limb leads in, 86-87 
precordial leads in, 84-8 5 
on rhythm strip, 322 

with right ventricular hypertrophy, 
87 

R waves in, 84-86 
S waves in, 83 

LGL (Lown-Ganong-Levine) 
syndromes, 208 

Light-headedness. See Syncope 
Limb leads, 38-42 

augmented, 40 
frontal (coronal) plane and, 38-39 

in left ventricular hypertrophy, 
86-87 

placement, 38 
in right ventricular hypertrophy, 82 
standard, 40 
ventricular depolarization in, 53 

Lown-Ganong-Levine syndromes, 
208 

Lung disease, severe, MAT in, 1 3 3  
Lyme disease, 1 74 

M 
Malignancy, rules of, PVCs and, 

1 37, 1 42 
Massage, carotid. See Carotid mas­

sage 
MAT. See Multifocal atrial tachy­

cardia 
MB isoenzyme, in myocardial infarc-

tion, 22 1 

Mean electrical axis, 65 
Mean vector, 65-66 
Membrane pumps, 1 0  
Mitra! valve 

insufficiency, 62 
prolapse, accessory conduction 

pathways in, 205 
Mobitz type I block. See Wenckebach 

block 
Mobitz type II block, 1 68- 1 69 

anatomic site, 1 67 
diagnosis of, 1 67 
Wenckebach block vs., 1 69-1 70 

Multifocal atrial tachycardia, 1 3 3  
characteristics, 1 3  5 
P waves in, 1 33 
QRS complex in, 1 33 

Muscle tremor artifact, 267 
Myocardial cells, 1 6  

depolarization, 1 6  
wave characteristics, 1 7  

Myocardial infarction, 220 
arrthymia and, 97 
diagnosis, 22 1-232 
EKG stages in, 223, 233 

Q waves, 228-232 
ST segment, 226-227 
T waves, 224-225 

Index � 
1 5-lead system for, 236 
non-Q wave, 243-245 
review chart, 308 
treatment, 233 

Myocardial ischemia, 224 
Myocarditis, 98 ,  276 
Myosin, in myocardial cells, 1 6  

N 
Negative deflection, 32-34 

Nonsinus pacemaker rates, 1 1 0 
Northwest axis, 7 1  

0 
Osborne wave, in hypothermia, 267, 

283, 3 1 1  

p 
Pacemaker cells, 1 0 , 1 2- 1 5 ,  1 3f 1 4f 

34, 1 09 ,  1 1 0,  297 
action potential, 13, 1 4  
depolarization, 1 2, 1 3  
depolarization-repolarization cycle, 

1 3 , 1 4/ 
electrode placement and, 34 
nonsinus rates, 1 1 0-1 1 1  
resting potential and, 1 3  
review chart, 297 
sinus node. See Sinoatrial (SA) 

node 
Pacemakers 

atrial, 1 1 0 ,  1 96,  1 96f 1 97, 1 97/ 
cautions and contraindications, 1 9 9  
demand, 1 9 6  
development, 1 95 
epicardial, 1 9 8 ,  1 99/ 
fixed rate, 1 9 5  
nonsinus, 1 1 0- 1 1 1 , l l Of 1 1 1/ 
sequential, 1 97, 1 97/ 
spike patterns with, 1 97 
for third-degree heart block, 

1 74, 1 96 
uses for, 1 9 5  
ventricular, 1 97, 1 97/ 

Pacemaker spikes 
cautions, 1 99 
patterns, 1 97 
on rhythm strip, 3 1 6  



Palpitations, 97 
Paroxysmal atrial tachycardia, 1 34,  

270,  270/, 302 
characteristics, 1 3 5  
i n  digitalis toxicity, 1 34 
P waves in, 1 34[ 
QRS complex in, 1 34[ 

Paroxysmal supraventricular 
tachycardia, 1 23-1 24, 1 2 5[ 

carotid massage for, 1 26- 1 27, 1 26f 
case example, 1 5 5- 1 57 
characteristics, 1 3 5  

VT vs., 1 50 
in Wolff-Parkinson-White syn­

drome, 209-2 12 ,  209/, 2 1 0/, 
2 1 1/, 2 1 2[ 

PAT. See Paroxysmal atrial tachycardia 
Patterns. See EKG patterns 
Pericardia! effusion, 274, 274[ 
Pericarditis, 273-274, 273/, 284, 3 1 2  
P mitrale, 80 
Polarity. See Electrical polarity 
Positive deflection, 32, 32f 33,  33[ 
Positive electrodes 

depolarization waves and, 32, 32/, 
33/, 34 

repolarization waves and, 35 ,  35[ 
Posterior fascicle, left bundle 

branch, 23 
Posterior infarction 

anatomic site, 235 
characteristics, 236 

with inferior infarct, 242[ 
P pulmonale, 79,  277 
Precordial leads, 38 

in left ventricular hypertrophy, 
84, 8 5[ 

placement, 43,  43[ 
in right ventricular hypertrophy, 

83 ,  83[ 
ventricular depolarization in, 54[ 

Preexcitation, 204-205 ,  204/, 
2 1 5 , 307 

Preexcitation syndromes, 1 06 
accessory pathways in, 204-205 
Lown-Ganong-Levine, 208,  208[ 
review chart, 307 
Wolff-Parkinson-White, 206, 207[ 

Premature beats 
atrial, 1 20-1 23 ,  1 20/, 1 2 1[ 

junctional, 1 20- 123 ,  120/, 1 22[ 
Premature ventricular contractions, 

1 36-1 37, 1 36/, 1 37[ 
QRS complex in, 1 36 
rules of malignancy for, 1 37, 1 42 
in third-degree heart block, 1 7  4 
three or more (ventricular 

tachycardia) , 1 38 
Pressure overload, definition of, 62 
PR interval, 28 

in anterior infarction, 273 
in first-degree AV block, 165 ,  1 66[ 
in 1 2-lead EKG recording, 

50 ,  5 1[ 
in Lown-Ganong-Levine 

syndrome, 208,  208[ 
in Mobitz type II block, 1 6 8  
i n  Wenckebach block, 1 67, 1 67[ 
in Wolff-Parkinson-White syn-

drome, 206, 207/, 3 1 8[ 

Prinzmetal's angina, 247, 247[ 
Programmed electrical stimulation, 

1 5 1-1 52 
PR segment, 28 

in 1 2-lead EKG recording, 5 1  
Pseudoinfarct pattern, 249 
Pseudonormalization phenomenon, 

225 
PSVT. See Paroxysmal supraventricu­

lar tachycardia 

Pulmonary disorders, EKG changes 
in, 277-278, 277/, 278[ 

review chart, 3 1 2  
Pulmonary embolism, 278, 278[ 

case example, 28 5-290 
Purkinje fibers, 22, 23,  1 40 ,  1 62 
Purkinje system, 1 5  
PVCs. See Premature ventricular 

contractions 
P waves, 1 9-27 

in atrial enlargement, 63, 78-80,  
78f-80f 

in atrial premature beats, 
1 20-1 23 ,  1 20/, 1 2 1[ 

components, 20[ 
in hyperkalemia, 260, 260[ 

Q 

in idioventricular rhythm, 1 40 f 
in 1 2-lead EKG recording, 47-49, 

48/, 49[ 
in MAT, 1 33 
in Mobitz type II block, 1 68 ,  1 68[ 
in PAT, 1 34[ 
QRS complex and, 1 1 8 
retrograde. See Retrograde P waves 
in rhythm disturbance assessment, 

1 1 7 
in third-degree heart block, 1 72, 1 72[ 
in Wenckebach block, 1 67, 1 67[ 

QRS axis, 66 
abnormal, 68 ,  70 
defining precisely, 69,  69[ 
deviations, 70-7 1 ,  70/, 7 1/, 

75-77, 75/, 76[ 
normal, 67-68,  67/, 68[ 
in right ventricular hypertrophy, 82 

QRS complex, 23,  24[ 
in accelerated idioventricular 

rhythm, 1 40[ 

in atrial fibrillation, 320[ 
in atrial flutter, 1 28 
in bundle branch block, 1 77- 1 82, 

3 1 9[ 
common configurations, 25 ,  25[ 
components of, 24-25 
duration, in left ventricular 

hypertrophy, 87 
in first-degree AV block, 1 65 
in heart rate calculation, 1 02[ 
hemiblocks and, 1 87-1 88 ,  1 87[ 
in hyperkalemia, 264[ 
junctional escape and, 1 1  lf 
in 1 2-lead EKG recording, 52-54 
in Lown-Ganong-Levine 

syndrome, 208 
in MAT, 1 33 
in Mobitz type II block, 1 68 ,  1 68[ 
in PAT, 1 34[ 
in PSVT, 3 1 9[ 

in PVCs, 1 33 
in PVST, 1 24, 1 2 5[ 
P waves and, 1 1 8 
review chart, 297 



in rhythm disturbance assessment, 
1 1 7- 1 1 8  

septa! depolarization and, 25-26, 
26/ 

in supraventricular vs. ventricular 
arrhythmias, 1 43- 1 5 0  

i n  third-degree heart block, 1 72/ 
in torsades de pointes, 1 4 1  

transition zone in, 54 
ventricular hypertrophy and, 63 
in Wenckebach block, 1 67, 1 67/ 
in Wolff-Parkinson-White syn-

drome, 206, 207/, 3 1 8/ 
QRS interval, 29,  29/ 

in 1 2-lead EKG recording, 5 5 ,  5 5/ 
QS wave, 25  
QT interval, 29 

antiarrhythmic agents and, 270 
beta blockers and, 272 
in calcium disorders, 262, 262/ 
cardiac cycle and, 57, 57/ 
chromosomal abnormalities, 272 
drugs prolonging, 270-272, 271/ 
heart rate and, 57, 57/ 
in 1 2-lead EKG recording, 56-57, 

57/ 
in torsades de pointes, 1 4 1 ,  266 

Quinidine, QT interval and, 270 
Q waves, 24 

R 

common configuration with, 25 
in EKG case study, 92-93 
in HOCM, 275, 275/ 
inferior infarct and, 230, 233,  

233/, 3 1 7/ 
in myocardial infarction, 223, 

223/, 228-229, 228/, 229/ 
normal vs. pathologic, 23 1 ,  23 1/ 
in pulmonary embolism, 278 

septa!, in 1 2-lead EKG recording, 
52, 52/ 

significance, 232/ 
in sinus tachycardia, 3 1 4/ 

Radioactive imaging agents, 254 
Reading EKGs 

eleven 1 1 -step method, 294 
recommendations, 292 

Reciprocal changes 
in inferior infarction, 230/ 
in lateral infarction, 238 

Reentrant rhythms, 1 06, 1 1 5- 1 1 6, 
1 1 6/ 

Reentry circuits, 1 1 5- 1 1 6  
i n  Wolff-Parkinson-White 

syndrome, 2 1 0/, 2 1 1/ 

Reentry loop, 1 1 5 ,  1 1 6,  1 1 6/ 
Repolarization, 1 1 , 26-27, 27/ 

atrial, 26 
bundle branch blocks and, 1 8 1 ,  1 8 1/ 
early 0 point elevation) , 227 
review chart, 297 
ventricular, 26, 27, 27/ 
wave characteristics, 1 7  
wave deflections in, 3 5  

Repolarization abnormalities 

EKG case study, 9 1 -93 
secondary, in ventricular hypertro­

phy, 88-89, 88/, 89/ 
Resting potential, peacemaker cell 

and, 1 3  
Retrograde P waves, 1 1 1 , 1 1 1/ 

in junctional premature beat, 1 22 
in PSVT, 1 23 ,  1 24/, 3 1 9/ 
in PVCs, 1 36 

Rhythm strip, 99- 1 0 1 ,  99/ 

practice pattern, 3 1 3-323 
Right atrial enlargement, 79, 79/, 8 1  
Right axis deviation, 70, 70/ 

extreme, 7 1 ,  7 1/ 
in left posterior hemiblock, 1 86,  

1 86/ 
in ventricular hypertrophy, 76, 76/ 

Right bundle branch, 22, 23,  23/ 
Right bundle branch block, 178 ,  1 79/ 

anatomic site, 1 79/ 

AV blocks and hemiblocks with, 
1 93-1 94, 1 94/ 

criteria for, 1 83 
hemiblocks with. See Bifascicular 

block 
incomplete, 1 92,  1 92/ 
infarction diagnosis in, 249 
QRS complex in, 1 78 ,  1 79/, 3 1 9/ 
on rhythm strip, 3 1 9/ 
S waves in, 1 78 ,  1 79/ 

Index 33 1 

Right coronary artery, 234 
Rightsided limb lead, 42 
Right ventricular hypertrophy, 76, 

76/, 82, 90 
causes, 83 
with left ventricular hypertrophy, 

87 
limb leads in, 82, 82/ 

precordial leads in, 83 ,  83/ 
R waves in, 83 ,  83/ 
S waves in, 83 ,  83/ 

Right ventricular myocardium 
fibrofatty infiltration of, 280 

"R-on-T" phenomenon, 1 37 
R-prime. See R' wave 
R' wave, 24 
R wave progression, 54 

in COPD, 277 

R waves, 24 

s 

in bundle branch blocks, 1 76, 1 77/ 
in EKG case study, 9 1-93 
in heart rate calculation, 1 03 ,  1 04 
in hemiblocks, 1 85 ,  1 86 
in left ventricular hypertrophy, 84, 

85/, 86, 86/ 
in posterior infarction, 240, 24 1/ 
progression. See R wave progres­

s10n 

in right ventricular hypertrophy, 83 
T waves and, 56 

SA node. See Sinoatrial (SA) node 
Saw-toothed wave pattern, 1 28 ,  3 1 5/ 
Second-degree AV blocks, 175  

differential diagnosis, 1 69- 1 70,  
1 69/ 

in digitalis toxicity, 270 
Mobitz type I (Wenckebach 

block) , 1 67, 1 67/ 
Mobitz type II block, 1 68 ,  1 6 8/ 

Segments, on EKG recording, 30,  
3 1 .  See also PR Segment; ST 
Segment 

intervals vs., 28 
review chart, 297 

Septa! depolarization, in QRS 
complex, 25-26, 26/, 52, 52/ 



Septa! fascicle, left bundle branch, 
22, 52 

Septa! Q waves, in 1 2-lead EKG 
recording, 52,  52/ 

Sequential pacemaker, 1 96,  1 96/, 
1 97, 1 97/ 

Sick sinus syndrome, case example, 
1 5 8- 1 59 

Sine wave pattern, in hyperkalemia, 
264/ 

Sinoatrial (SA) node, 1 4  
block site, 1 64 

overdrive, 1 0 9  
suppression, i n  digitalis toxicity, 

269 
Sinus arrest, 1 09 ,  1 09/, 1 1 2,  1 1 2/ 

on rhythm strip, 1 1 2/ 
vs. sinus exit block, 1 1 2-1 1 3 ,  

1 1 2/, 1 1 3/ 
Sinus arrhythmia, 1 0 8 ,  1 0 8/ 
Sinus bradycardia, 1 07, 1 07/ 

in athlete, 278, 278/ 
on rhythm strip, 1 1 3/, 1 54/ 

Sinus exit block, 1 1 2, 1 1 2/ 
on rhythm strip, 1 1 3/ 
sinus arrest vs., 1 1 2-1 1 3 ,  1 1 2/, 1 1 3/ 

Sinus node. See Sinoatrial (SA) node 
Sinus rhythm, normal, 96, 1 1 2/, 1 1 3/ 

characteristics, 1 1 9 ,  1 1 9/ 
review chart, 300 
on rhythm strip, 1 1 3/ 

Sinus tachycardia, 1 07, 1 07/ 

on rhythm strips, 1 1 3/, 3 1 3/, 3 1 4/ 
Spike patterns, with pacemakers. See 

Pacemaker spikes 
S 1 Q3 pattern, in pulmonary embo-

lism, 278 
Standard leads, 38, 38/ 
Standard limb leads, 40 
Stenting, for myocardial infarction, 

233 
Stokes-Adams syncope, 200 

Straight lines. See Intervals, on EKG 
recording; Segments, on EKG 
recording 

Stress-cardiac echo test, 1 57 
Stress testing, 250 

indications and contraindications, 
253 

pharmacological alternatives to, 254 
physiological basis for, 25 1 

sensitivity and specificity in 
increasing, 254 

Stretch, atrial and ventricular, 
arrhythmia and, 98  

ST segment, 29  
in bundle branch block, 1 8 1 ,  1 8 1/ 
depressed. See ST segment depres-

s10n 
elevated. See ST segment elevation 
infarct evolution and, 32 1/ 

in ischemic cardiac disease, 248 
in left bundle branch block, 3 1 5/ 
in myocardial infarction, 223, 

226-227, 226/, 227/ 
review chart, 3 1 0  
i n  ventricular hypertrophy, 88-89, 

88/, 89/ 
ST segment depression, 248 

in angina attack, 248 
digitalis effect and, 268 

in ischemic cardiac disease, 248 
in non-Q wave infarction, 244, 

244/, 246, 3 1 0  
i n  posterior infarction, 240, 242/ 
reciprocal changes and, 230 
in stress testing for coronary artery 

disease, 2 5 1 -252 
ST segment elevation 

in anterior infarction, 24 1/ 
in ischemic cardiac disease, 248 

in normal hearts, 226-227 
in pericarditis, 273 
persistent, 226 
in Prinzmetal's angina, 247, 247/ 

Subendocardial infarction, 243/, 244 
Sudden death, 97 

in ventricular fibrillation, 1 39 
Superior axis, 7 1  
Supraventricular arrhythmias, 

1 20-1 3 5  

characteristics, 1 3 5  
premature beats, 1 20-1 23 ,  1 20/, 

1 2 1/, 1 22/ 
review chart, 302 
sustained, 1 23- 1 34 

atrial fibrillation. See Atrial 
fibrillation 

atrial flutter. See Atrial flutter 
MAT. See Multifocal atrial 

tachycardia 
PAT. See Paroxysmal atrial 

tachycardia 
PSVT. See Paroxysmal supraven­

tricular tachycardia 
vs. ventricular arrhythmias, 

1 43- 1 49 
S waves, 25 

in bundle branch block, 1 76, 1 77/ 
in hemiblocks, 1 8 5 ,  1 86 
in left ventricular hypertrophy, 

84, 85/ 
in pulmonary embolism, 278 
in right ventricular hypertrophy, 

83 , 83/ 
Sympathetic stimulation, arrhythmia 

and, 98  
Syncope, 97  

T 

case example, 1 5 8- 1 59 
evaluation, 1 57 

Stokes-Adams, 200 

Tachyarrhythmias, in digitalis toxic­
ity, 270 

Tachycardia, in Wolff-Parkinson­
White syndrome, case 
example, 2 1 6-2 1 7  

Third-degree heart block, 1 7 1-175  
anatomic site, 17 1  
diagnosis of, 1 7  4 
PVCs in, 1 73 ,  1 73/ 
P waves in, 1 72,  1 72/ 
QRS complex in, 1 72,  1 72/ 

Thrombolytic agents, for myocardial 
infarction, 233 

Torsades de pointes, 1 4 1 ,  1 4 1/ 
QRS complex in, 1 4 1 ,  1 4 1/ 
QT intervals in, 1 4 1 ,  1 4 1/ 

Transition zone, in QRS 
complex, 54 

Transmural infarction, 243/, 244 
Transverse plane. See Horizontal 

plane, precordial leads and 
Trigeminy, 1 36 
Troponin I enzyme, in myocardial 

infarction, 22 1 



T wave inversion, 224-225 ,  224/, 
225f 

in angina attack, 248 
in anterior infarction, 273 
in CNS bleed, 279, 279f 
digitalis effect and, 268 
in non-Q wave infarction, 244, 244f 
in posterior infarction, 238/, 24 lf 

T waves, 26 
in bundle branch block, 1 8 1 ,  1 8 1f 
hyperacute (peaking) , 224 
in hyperkalemia, 263, 263/, 

264, 264f 
in hypokalemia, 265,  265f 
in 1 2-lead EKG recording, 

5 5-56, 56f 
in myocardial infarction, 223-225 
pseudonormalization and, 225 

symmetrical inversion, 225 
in ventricular hypertrophy, 88-89, 

88/, 89f 
1 2-lead system, 37 

u 

electrode placement in, 38 ,  38f 
limb leads . See Limb leads 
precordial. See Precordial leads 
review chart, 296 
in stress testing, 2 5 0 

U waves, in hypokalemia, 265 

v 
Vagal stimulation 

carotid massage and, 1 26, 1 26f 
current slowing and, 2 1  

Valsalva maneuver, 1 26 
Vectors, 45-46 

electrical axis and, 6 5, 66 
PR interval, 50, 5 lf 
P wave, 47-49 
QRS complex, 52-54 
QRS interval, 55 
QT interval, 56-57, 57f 
ST segment, 5 5 
T waves, 5 5-56, 56f 
waves orientation and, 58  

Ventricular aneurysm, 226 
Ventricular arrhythmias, 1 36-1 42.  

See also individually named 
arrhythmias 

accelerated idioventricular rhythm, 
1 40 ,  140f 

PVCs, 1 36-1 37, 1 36/, 1 37f 
review chart, 303 

supraventricular arrhythmias vs., 
1 43- 1 50 

torsades de pointes, 1 4 1 ,  1 4 1f 
ventricular fibrillation, 1 39 ,  1 39f 
VT, 1 3 8 ,  1 38f 

Ventricular conducting system, 1 5 ,  23f 
AV blocks, 1 65- 1 76 
bundle branch block, 1 77- 1 83 
depolarization and, 1 77- 1 78 
hemiblocks, 1 84-1 88 

Ventricular depolarization, 22-24, 
22/, 23/, 24f 

bundle branch blocks and, 
1 77-1 78 ,  1 77f 

in 1 2-lead EKG recording, 53-54, 
53/, 54f 

left, Q waves and, 229, 229f 
in precordial leads, 54f 
vectors, 65f 

Ventricular enlargement, 62-63. See 
also Atrial enlargement 

arrhythmia and, 98  
Ventricular fibrillation, 1 39 ,  1 39f 
Ventricular hypertrophy, 82-87, 90 

bundle branch block and, 1 83 
defined, 62, 63 
EKG case study, 9 1 -93 
left. See Left ventricular hyper-

trophy 
left axis deviation in, 75 ,  75f 

review chart, 299 
right. See Right ventricular 

hypertrophy 
in right axis deviation, 76/, 86 
secondary repolarization abnor­

malities in, 8 8-89, 88/, 89f 
in ST segment, 88-89 ,  88/, 89f 
in T waves, 88-89,  88/, 89f 

Index � 
Ventricular pacemakers, 1 97, 1 97f 

rate, 1 1 0,  l l Of 
Ventricular repolarization, 26-27, 27f 

in 1 2-lead EKG recording, 
5 5-56, 56f 

Ventricular tachycardia, 1 3 8 ,  1 38f 
case example, 1 60- 1 62 
vs. PSVT, 1 50 

on rhythm strip, 323f 
and torsades de pointes, 1 4 1  

Verapamil, 9 3  
Voltage. See Amplitude, EKG wave 
Volume overload, 62 
VT. See Ventricular tachycardia 

w 
Wandering atrial pacemaker, 1 33 
Wave orientation 

electrode placement and, 
32-36 

and vectors. See Vectors 
Waves, 30 ,  3 1 ,  individually named 

waves. See also Amplitude, 
EKG wave; Duration, EKG 
wave; QRS complex 

review chart, 297 
Wenckebach block, 1 67, 1 67f 

anatomic site, 1 67 

diagnosis of, 1 67 
Mobitz type II block vs., 

1 69- 1 70,  1 69f 
PR intervals in, 1 6 5/, 1 67 
QRS complex in, 1 67, 1 67f 

Wolff-Parkinson-White syndrome, 
206, 207f 

atrial fibrillation in, 2 1 3-2 14 ,  
2 1 3f 

case example, 2 1 6-2 1 7  

infarction diagnosis in, 249 
PR intervals in, 206, 207f 
pseudoinfarct pattern in, 249 
PSVT in, 208, 208/, 209, 209f 
reentry circuits in, 208/, 209f 
on rhythm strip, 322f 

WPW syndrome. See Wolff­
Parkinson-White syndrome 
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