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Preface to the Second
Edition

My dear and esteemed colleagues, I guarantee you can understand everything in this book.
I've spent a great deal of my professional life reducing the facts about electrocardiography to
simple basic English. For example ...

Gobbledygook: “antegrade propagation of the depolarizing impulse”

English: “The wave goes down.”

Gobbledygook: “The fast track exhibits preferential retrograde conduction.”

English: “The fast track likes to conduct backward.”

And so on.

All the essentials about electrocardiographic interpretation can be reduced to simple,
clear English if one makes the effort. This book is 2 sustained effort to do just that. (As
Richard Sheridan said in the 18th century, “Easy writing is curs'd hard reading” This book
is an exercise on the other face of that coin.)

Everything I said in the Preface to the First Edition is still true in the United States today.
Whole generations of cardiologists and internists are going forth into practice without ade-
quate ECG training, In programs across the country, young physicians are expected to learn
about ECG interpretation by osmosis or maybe by intuition. Most major centers don’t have
adequate organized ECG training. (A couple of intensive conferences a month would be a
minimum recommendation. Did you have them where you trained?)

There’s a tendency to rush to the EP laboratory whenever a significant disorder of
impulse formation or conduction pops up. Ninety percent of the time this is wasted motion
because a simple ECG can provide all the information. For instance:

e Thete's a benign type of wide-beat tachycardia that never threatens life; you can recog-
nize it with complete accuracy on the ECG. You know prognosis and treatment at once.

e Does a patient need a pacemaker? The ECG is all you need.You can diagnose all the
varieties of heart block and make accurate decisions about the need for a pacemaker
entirely from the BCG. Forget the EP laboratory.

s Narrow-beat tachycardias, mechanism and treatment?

o Atrial fibrillation with very rapid response? Pre-excitation?

¢ Myocardial infarction in the presenée of left bundie-branch block? (Yes, sometimes

_ you can make a diagnosis!)

¢ Complete A-V dissociation—benign or life threatening?

All these and more are distinctions and diagnoses you can make correctly and only from
the ECG.

Some of my students have thought that they would start out with simple ECG abnor-
malities in practice, and they have been horrified to be confronted with a snarling complex
arrhythmia that demanded a life-or-death decision on their first night in the emergency
department. Be prepared!

Special note! Ignore the computer! Computer ECG prograns ate a medical and medicolegal quag-
iire: P've analyzed a number of programs and I Sfind that anything beyond the simplest disorder sends
the computer circuits into terminal collapse.

vil
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Blectrocardiography is an elegant, basically simple, totally logical means of diagnosis that |

gives more pragmatically significant information than any other diagnostic mode in cardiology. | PI, ef a C e _I: 0 _I:h e Fi I‘S t E d i ti O n

Learn it!
Slain leath! (That’s Irish for long life and health and it also implies good hunting!)

Brendan P. Phibbs, MD |

If youre a physician who trained in the United States, you were cheated. You've been
| neglected. You're entitled to a sense of cutrage.
Electrocardiography is a basic life-and-death skill that’s going to confront you with har-
rowing decisions throughout your professional life, but chances are that all through your res-
idency and fellowship training you never had any organized formal training in it. Your
instructors thought you were going to learn electrocardiography by osmosis or by ionic
exchange or by breathing the air of the university hospital.
How do I know this? I know it because I served several terms on the ECG Interpretation
Committee of the ACC and because, on my own, I surveyed teaching hospitals across the
country from Boston to San Francisco. Eighty percent of teaching hospitals have no organized
ECG-arthythmia training in residency or fellowship programs.
Whenever I lecture to residents and fellows I hear the same complaint; “Why don’t we
get more of this stuff? We really need to know it!”
Okay chaps,” you're right.You certainly do need to know this stuff. That’s what Advanced
ECG: Boards and Beyond is for. It’s based on the tutorial sessions I lead with the fellows in our
program at the Veterans Hospital in Tucson.
This book isn’t going to waste your time with baby steps: it’s assumed you know how the
leads are hooked up and what a P wave is. This is a book for you to use when you're ready to
start functioning in the real world as a clinician. In fact, the first arthythmia illustrated in the
book is one I guarantee you'll run into as a question on the Internal Medicine Boards,
. In your clinical life you’re not going to start with simple cases and go on to complex |
i ones: your very first night in the emergency room or in the coronary care unit may bring |
you face to face with some incredibly complex gemisch of wide and narrow beats, anomalies ‘
of AV conduction, and variations of aberrancy, and you'd better be able to dissect the ECGs |
and react intelligently. I think I can honestly say this text will help you do just that. I say so
on the basis of responses from students, residents, and fellows I’ve trained over the years using
exactly these methods and many of the figures in this book. ‘
The language of Advanced ECG: Boards and Beyond is deliberately simple. Don't be sur-
prised when you read that “the fast AV nodal channel likes to conduct backward” instead of
“the fast AV nodal channel exhibits preferential retrograde conduction.” The two statements
are in fact identical, and the simple language is chosen with considerable caré. This book is |
written to be as different as possible from the gibberish that came with your computer! |
Electrocardiography is an elegant, basically simple, totally logical means of diagnosis that \
gives more pragmatic information than any other diagnostic mode in cardiology.
Learn it!
Good hunting!

B.PP

* . v
“Chaps” is a unisex term.
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One

Sinus Rhythms: Two Benign
Variations

Wandering Pacemaker

This is 2 completely harmless, totally insignificant variation of a sinus rhythm. The shape of
the P wave changes from beat to beat, but the timing of the beats doesn't. The rthythm is
regular and uninterrupted even though the P waves look different. Sometimes the contour
of the P wave will change from upright to inverted and then back to upright (Fig. 1-1A and
B). You distinguish this from ectopic firing by a simple observation. There are no premature
beats. The rhythm doesn’t change. All that changes is the shape of the P waves.

This phenomenon is important only because it is sometimes confused with significant
arrhythmias (one text even refers to it as a form of sick sinus syndrome!),

The peculiar change in P wave shape is a result of “wandering” of the sinus impulse in
the region around the sinoatrial node. The deeply inverted P waves suggest that the pacing
site has “wandered” toward the upper reaches of the AV node—a region often described as
the “coronary” node.

I have seen cardiologists confuse this harmless phenomenon with multifocal atrial tachy-
cardia, a really significant arrhythmia. This is inexcusable! In multifocal atrial tachycardia,
there are showers and runs of premature beats from many different sites in the atria (more
about this later). With a wandering pacemaker—to say it one more time—the rhythm is reg-
ular; all that changes is the shape of the P waves.

Change in Sinus P Wave
Morphology with Rate

When the rate increases, the sinus P waves sometimes “peak,” assuming a taller, steeper
- . . L . .

shape. When it slows, they resume their more rounded shape (Fig. 1-2). 'This is another

sinus variant of absolutely no significance; don’t confuse it with ectopic atrial thythms,

Figure 1-1.

A and B, Two examples of
wandering pacemaker. In
each strip, the P wave
changes its shape from
upright to inverted and
hack again with no change
in rhythm. This consistent
rhythm is important
because it distinguishes
the innocuous wandering
pacemaker from true
ectopic firing.
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2 One: Sinus Rhythms

Figure 1-2.

Strip from an event
racorder with sinus rate
varying from 59 on the left
to 110 on the right. Note
the striking increase in
amplitude of P waves. (The
loss in R wave amplitude
" was not rate related but
was simply due to a
change in body position
when the patient turned on
the recorder.)

Two

Ectopic Beats and Sustained
Ectopic Rhythms: Mechanisms
of Idiorhythms and Paroxysmal
Tachycardia

.
il
I3

:j] L
i

| il
‘Eum i
I
it

; 115
i i M AR

il
aﬁ;;! 11

I
i
1EH LR

If you are an internist or a cardiologist, sooner or later you will find yourself taking an elec-
trocardiogram (ECG) competency test. It may come as part of the Internal Medicine
Boards or the Cardiovascular Boards, the American College of Cardiology (ACC)
Competency Test, or a hospital ECG privileges examination. In every case, you can be
certain you'll confront a problem like the one shown in Figure 2—1. Is the right answer
obvious? Read on!

When you study ectopic beats and sustained ectopic rhythms, you have to acquire two
sets of skills. First, you have to be able to decide where the ectopic focus lies anatomically. Is
it atrial, junctional, or ventricular? Most of the time, this is a simple diagnosis, but it can get
tricky.
| Second, you have to decide what kind of ectopic firing is going on. Ectopic beats and
: ectopic rhythms will always be the result of one of two mechanisms: reentrant or automatic.
It’s critical to decide which mechanism is at work because treatment and prognosis are com-
pletely different; fortunately, it’s usually easy to make the distinction.

Sinus Arrhythmia

Take your pulse; now take a deep breath in and then exhale. Your pulse rate probably slc.)wed
when you exhaled. This is the normal type of variation in sinus node discharge associated
with the breathing cycle (Fig. 1-3). It may be quite exaggerated, especially in young people,
but it’s harmless. . - .

The clinically significant disturbances of sinus node function are described in Chapter

15, The Sick Sinus Syndrome.

i Figure 1-3. HHIER

Sinus arrhythmia. T

Sometimes respiratory
variations in rhythm can be
quite striking, as in this

Determining the Source of Ectopic Beats

You probably already know how to localize ectopic beats, but hete are some fine points.

Figure 2-1.
A patient has suffered an

strip, but they are Easudiddpars RN Es : HITHHT H inferior wall myocardial
harmless, Some rare PERN i Eeaed Bl EEatinnicd il EESEqRRARRacEl liddeadd : : infarction. Eighteen hours
forms of sinus arrhythmia SEIRERRAR] | R96 Ut EL O EL L 1 e I L H | H g . . later, the rhythm illustrated
are independent of the _ ndefiiteaein g i Biiboain, ) oafifaas, 1 il ¥ Atrial Ectopic Beats here appears. The bload
breathing cycle. TR BT e P R R EE LY T pressure is 130/80 mm Hg,

You need to remember three facts. First, if a beat arises in an atrial ectopic focus, it will gen-
erate a P wave with a different shape from the sinus P wave, This difference in shape may be

slight or extreme, but it will always be detectable (Fig. 2-2).

Second, the P-R. interval of the atrial ectopic beat will always be .12 second or more,
never less. It will usuaily be longer than the P-R interval of the sinus beats. [n other words,

the patient is pain free,
and all vital signs are
normal. Choose one of the
following treatments: (1)
lidocaine, (2) isoprotereno,
(3} atropine, (4) pacemaker,
or {B) no treatment.
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Figure 2-2.

Premature atrial beats from
a number of foci. Note the
difference in P wave
morphology—sometimes
striking, sometimes
minimal, but always
different from the sinus

P waves.

Figure 2-3.

Multifocal atrial rhythm.
This is when £ wave
morphology hecomes
critical. You can identify at
least four different atrial
foci from the shape of the
ectopic P waves.

Two: Ectopic Beats and Sustained Ectopic Rhythms
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the track from sinus node to atrioventricular (AV) node is the most efficient track from atria
to ventricles, If a beat arises somewhere else in the atria, it will usually take longer than the
sinus beat to reach and traverse the AV node.

Third, a beat arising at any given site in the atria will produce a characteristic P wave spe-
cific for that site. This is important in the diagnosis of multifocal atrial tachycardias
(Fig, 2-3). ».

These are small points, but they may be important in analyzing complex arthythmias.

Junctional Beats
Most beats arising in the junction will be conducted forward (antegrade) into the ventricles

and backward (retrograde) across the atria, As a result, there will be some combination of a
normal narrow QRS with a retrograde B. The retrograde P may come just before, during, or

‘after the QRS (Fig. 2-4). The relation of the atrial and ventricular complexes depends on

the speed of conduction back across the atria compared with the speed of conduction forward
across the ventricles,

If the retrograde impulse excites the atria before the antegrade impulse excites the ven-
tricles, the P wave will come just ahead of the QRS. The P-R interval will always be less
than 0.12 second. When you see a fixed short P-I.interval {less than 0.12 second), you're
looking at junctional beats (see Fig. 2—4A).

At this point, you interrupt: “Wait a minute! What about preexcitation? That will cer-
tainly produce a fixed short P-R.” Good question. The difference is that the P wave of the
junctional beat will have a “retrograde” morphology—completely different from the shape
of the sinus P waves. It will usually be inverted in the inferior leads. With preexcitation, you
see normal sinus P waves with a short P-R.

If the retrograde impulse excites the atria at the same instant that the antegrade impulse
excites the ventricles, you won't see the P wave because it will be hidden in the QRS. Thus,
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A Figure 24,

— Junctional thythms. The retrograde P wave may
come {A} just before, (B} during, or (C) just after
the junctional QRS.
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a narrow QRS not preceded by a P wave must be junctional (see Fig. 2-4B). If the retro-
grade impulse reaches the atria after the antegrade impulse reaches the ventricles, the
retrograde P wave will follow the QRS (see Fig. 2-4C).

Odd and unexplained fact: In theory, the QRS of a junctional beat should look exactly like
the QRS of the sinus beat; after all, both impulses come down the same ventricular track.
However, sometimes the QRS of a junctional beat will be quite different from the QRS of the
sinus beat. Nobody is sure why this happens, although it may be that the junctional beat breaks
out into the bundle branch system from an eccentric point of entry. The practical point is that
even though the shape of the QRS is different, the beats are still junctional (Fig. 2-5).

Ventricular Ectopic Beats

The bizarre QRST and the absence of a preceding P wave are obvious and need no further
discussion. However, there is one critical difference between junctional and ventricular
ectopic beats; learn this difference now, and it will help you on many dark nights in the
emergency room when you're looking at a wide-beat tachycardia. During a junctional
tachycardia, the junctional beats are practically always conducted retrogradely across the atria.
"This retrograde impulse discharges the sinus node before it can fire. The ventricles and the
atria are activated from the same source: the junction. In contrast, about half of all ventricular
ectopic beats, whether single or occurring during a tachycardia, are not conducted back up
through the AV node. The sinus node is nof affected and goes on firing independently, The
atria and ventricles are dissociated for one beat, the atria responding to the sinus node and
the ventricles to the ectopic beat. In Figure 2—6, you can see the sinus P wave inscribed near
the end of the T of the ventricular premature contraction (VPC),

Figure 2-5.

There are a number of
junctional beats on this
strip. Most of them have a
differant contour from this
sinus QRS. All the beats
after the first beat arg
junctional with a QRS that
is taller and different in
compaosition from the
sinus beats. (There's no

S wave in the junctional
beats.) Sometimes the
difference is more striking
than this.
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Figure 2-6.

Ventricular ectopic
contraction with a
dissociated sinus P wave.
As a result, the interval
from the P wave ahead of
the VPC to the one after it
is an exact double interval,
or full compensatory
pause.

Figure 2-7.
Ventricular ectopic beats
with retrograde P waves.

Figure 2-8.

Reentrant ventricular
ectopic beats. Note the
precisely fixed interval to

the preceding sinus heats,

Two: Eectopic Beats and Sustained Ectopic Rhythms )

P

Because the sinus impulse marches undisturbed right through the VPC, and the next
sinus beat comes in right on time, you will see a “full compensatory pause”—that is, a pause
that is exactly double the sinus interval, Remember, about half of all VPCs are dissociated
from the sinus rhythm, so when you see dissociated P waves during a wide-beat tachycardia,
the diagnosis is ventricular tachycardia. Keep this simple observation in mind; you'll use it
later in this chapter.

The other half of all VPCs are conducted retrogradely across the atria, just like the junc-
tional beats, except that the atrial impulse always follows the QRS (Fig. 2-7).

If an ectopic beat arises out in the subendocardivm of the ventricle, it will always be at
Jeast 0.12 second wide in the adult heart—sometimes more, but never less. T'his is a surpris-
ingly consistent finding. (Formerly, there was a lot of speculation about “narrow” VPCs; it
turns out that-these are really “fascicular’ beats, arising in the fascicles of the bundle branch
system, hence the more rapid propagation. Fascicular VPCs and fascicular tachycardias are

covered later in this chapter.)

Determining the Mechanism of
Ectopic Beats

Reentry

Pick up any strip in your cardiac care unit (CCU) with a lot of VPCs on it and look at it
carefully (Fig. 2-8). Note that the VPCs come at a precisely fixed interval after the sinus beat.
The ectopic beats are “linked” to the preceding sinus beat with an exact, unchanging cou-
pling interval. You’ll find this kind of linkage about 98% of the time, whether the ectopic
beats are atrial, junctional, or ventricular,

Any mathematician will tell you that when you see that kind of precise association more
than five or six times, it can’t possibly be a coincidence. There has to be a causal connection

I

Two: Ectopic Beats and Sustained Ectopic Rhythms

between the sinus beat and the ectopic beat. Somehow the passage of the sinus impulse
“triggers” the ectopic beat. '

We now know how that happens; it’s called reeniry (Fig. 2-9). To set up reentry, there must
be an area of one-way block somewhere in the Purkinje fibers (see Fig. 2-9A). (One-way
block is fairly common; you'll see an obvious example of it later in this chapter.) There must
also be an area of very slow conduction (see Fig. 2-9B). Because of the one-way block, the
outgoing activating impulse isn’t conducted forward normally in one small area. As a result,
this area of conducting tissue remains unactivated, still ready for stimulation. In most parts of
the chamber, the normal activating impulse moves swiftly, at 4 m/second. However, there’s
that slowly conducting area mentioned earlier; it’s moving so slowly that it “reenters” and
activates the blocked part of the system after the rest of the chamber has recovered and is ready
to conduct again. This reentrant impulse breaks out into the chamber and produces the
ectopic beat. Thus, the ectopic beat is in fact caused by the passage of the sinus impulse—
that’s why the two beats are linked. It's as if the sinus impulse flipped a little pinwheel that
went through one rotation and fired at a fixed interval after the sinus beat. You’ll see this con-
stant linkage whether the reentrant ectopic beats are atrial, junctional, or ventricular.

Reentry may produce single ectopic beats; on the other hand, the reentry circuit may
produce paroxysmal tachycardia when it goes on firing rapidly and regularly. R eentrant
ectopic beating is always abnormal and sometimes dangerous (Fig. 2-10).

Automatic Ectopic Beats

Far back in the evolution of life, God or somebody saw to it that the heart had a “fail-safe”
system. If the sinus node fails (and it can), there has to be some other means of generating a
heartbeat, or the species will die off very quickly.

Fortunately, there are hundreds of “reserve” pacemakers scattered through the heart,
chiefly in the AV node and junction and in the ventricles. These are small areas of tissue in
the subendocardium that can fire as pacemakers (Fig. 2-11). They can build up a potential
and discharge just the way the cells in the sinus node do. They may discharge one beat, or

Figure 2-9,
Diagram of reentry.

Figure 2-10.
Paroxysmal ventricular
tachycardia, a reentrant
rhythm.
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Figure 2-11.

An automatic ectopic
focus. At A, the passage of
the norimal sinus impulse
has suppressed the
ectopic focus. At B,
something has halted the
normal activating impulse;
after a certain fixed périod,
the automatic focus is
"released” to begin
discharging, setting the
thythm of the heart.
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they may go on firing, producing a sustained ft:c-topic rlhythm. These su.sta]i]nec} ectogm
thythis are the “idio” rhythms: idiojunctional or idioventricular. They practically always fire
i high-normal range.

" 'i?;::’ a::: seferal kinds of atgltomatic rhythms. It’s important to distinguish between them
because they have very different clinical implications. . ‘

Automatic-Demand. This is the way an automatic focus is supposeld to fu.ncuon. I‘;
fires only when the heart rate falls below a certain critical. number,.exactly like an -Jlr:ziplan;
demand pacemaker. The ectopic focus “waits” for a certain presetlmterval before it fires. If a
normal impulse doesn’t come along during that period, the ectopic thythm .takfl:s over. 1

Automatic ectopic foci are suppressed by the passage of thf': normal activating impu se.
To use an intern’s phrase, the passage of the normal activat.ing 1mpul§e keeps the :‘mtoman.c
ectopic pacemakers “pounded down.” When the normal impulse fails, tl:le ectopic focus is
said to escape from the dominance of the sinus impulse. The length o‘f time that must pass
before the ectopic focus can fire is called the escape interval of the.ectoplc pa.cemaker’.

To reiterate, these automatic foci fire only when the normal impulse fails. They're often
hfe}\si‘:::ﬁ;ttic rhythms may be idiojunctional or idioventr?c%llar (Fig. 2-12 A to C). (Qn; of
many errors you'll find in some texts is the statement that idioventricular rhythms1 are inher-
ently slower than idiojunctional rhythms. In fact, the two types of rhythm overlap in rate,
and there’s no definitive difference.) ’ '

When a slow idiorhythm appears, of course, you have to ask what’s wrong with the nor-
mal mechanism. Heart block? Sick sinus? Look for the cause whenever you see an
ldl(j;lzt:;:ated Automatic-Demand: Accelerated Idiorhythr.ns. For reasons that are
not clear, these automatic-demand pacemakers may become. ov.eractlve; that is, they may fxre
when they’re not really needed. Imagine an overenthusiastic llfegualrd Wholcomlcs dashhmg
out to rescue you when you're only knee-deep and don't peed rescuing. Or imagine a ther-
mostat that's set too high so that the furnace keeps turning on whe? the house is already
warm enough. To be more exact, imagine a demand pacemaker that's set to fire whenevelr
the heart rate drops below 80. The problem with these accelerated-demand pacemakers is
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that they don’t wait long enough before they start firing—their escape interval is too
short, The normal pause after a premature beat or a slight slowing of the sinus rthythm is
often all it takes to release one of these automatic foci. The accelerated idiorhythm begins
firing and often takes over the rhychm of the heart for some time (Fig. 2-13A and B).

Accelerated idiorhythms may perform a useful function. If there’s failure of normal con-
duction, such as AV block, the escape rhythm that takes over may fire in the “accelerated”
mode—that is, in the range 55 to 110. When you see an accelerated idiothythm, always look
for the cause. Was there some serious failure of the normal rhythm that let the idiorhythm
escape? Or is the idiorhythm simply an example of an “overexcited” ectopic focus getting in
the way of a perfectly adequate normal rhythm? Either way, in most cases, these accelerated
idiorhythms are harmless—if not actually helpful—and require no treatment.

Now go back to Figure 2-1 and mark the right answer—it’s “no treatment,” of course.
You'd be surprised to learn how many candidates get that specific question wrong every
year! ' ;

Very rarely, a sustained accelerated idiorhythm can cause problems in a hemedynamically
compromised patient because of loss of atrial “kick.” In those cases, the answer, is to get rid
of the slight pauses that are the cause, by eradicating the premature beats or speeding the
sinus rate by drugs or pacing. This is rarely necessary.

Automatic Tachycardias. Rarely, an automatic focus may fire in the paroxysmal tachy-
cardia range, 130 or higher. Automatic tachycardias may arise in the atria, the junction, or
the ventricles. These are relatively rare arrhythmias with special characteristics; they will be
described in a later chapter.

Automatic-Parasystolic. The other type of automatic firing is parasystolic. A parasys-
tolic focus is a tiny area of tissue somewhere in the subendocardium that behaves like a
totally independent pacemaker, It fires at its own rate and breaks out to produce a beat
whenever it happens to hit the right instant between beats—-when the tissues are out of
their refractory period and receptive to stimulation.

The curious thing about parasystolic foci is that there’s an area of “protection block,” or
! one-way block, around them so that they aren't affected by the passage of the normal

Figure 2-12.
A, Idiojunctional rhythm,
rate 50. There is no sign of
atrial activity, so it's clear
that failure of the sinus
node is the reason for the
appearance of the
idiorhythm. Perhaps it's a
sick sinus? B, Idioven-
tricular rhythm. Note the
retrograde P waves. The
ectopic focus is
discharging the atria by
retrograde conduction,
thus suppressing sinus
node activity. Part B
presents a particuiar
problem that can arise
with idioventricular
rhythms. Notice the
rotrograde P waves. The
atria are contracting after
ventricular systole, thus,
atrial systole is hitting
closed atrioventricular
valves, There will ba
venous regurgitation into
the pulmonic and systsmic
veins with symptoms of
vertigo, syncope, or even
failure. This is the
pacemaker syndrorne that
appeared with the old
single-electrode ventricular
pacemakers when there
was intact retrograde
conduction, Thosa
pacemakers are rare now,
but idioventricular rhythms
are common, and this
problem will turn up.
Treatment: If circulation is
seriously compromised;
speed the sinus rhythm
with atropine, and if that
doesn't succead, pace the
atria with a tamporary
pacing wire. {The rasults
will he dramatic.) C, A sinus
pause followed by an
idiojunctional rhythm, rate
about 30. The sinus pause
was caused by retching, a
powerful vagal stimulant.
Here the idiojunctional
rhythm is essential to
maintain hemodynamics.
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Figure 2-13.
A, Accelerated
idiojunctional rhythm.
There are occasional sinus
beats competing with an
idiojunctional focus firing
at a rate of 75. Note that
as soon as there is a slight
pause in the sinus rhythm,
the junctional focus
“ascapes” and takes over.
It's not serving any useful
purpose, but it's probably
not hurting anything.
B, The first five beats are
sinus beats, Then there's a
sinus pause, and the
junctional focus escapes
and begins discharging at a
rate of 65, just fast enough
to "get in the way" of the
sinus impulses. The sinus
node recaptures the
rhythm in the last two
beats. Harmlass, no
treatment needed.
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activating impulse (Fig. 2-14}.The parasystolic focus is a little anarchist that bangs away at its
own independent rate and captures the rhythm of the heart whenever it gets a chance.

Parasystolic beats differ from reentrant beats and automatic-demand beats in that they
have no connection whatsoever with the preceding sinus beat. The interval from the sinus
beat to the ectopic beat varies wildly (Fig. 2-1 5. This is one of the markers of parasystolic
firing,

There’s another way you can recognize parasystole: Because the parasystolic focus goes
on firing at its own rhythm, the beats will always appear at an interval that's a multiple of the
basic rate of the focus. In other words, you can reduce the interval between parasystolic beats
to a least common denominator that represents the basic rate of the focus.

Parasystolic rhythms are rare. They have no particular fanction, although they may serve a
useful purpose if they happen to be firing when the normal mechanism fails—but it’s acci-

dental when they do.

Figure 2-14.
Parasystole. A parasystolic focus is illustrated at A.
It fires away at its own rate with no relation to the

normal heart oycle. At B, the protection block around
the parasystolic pacemaker is illustrated. The normal
activating wave can't get in to discharge the ectopic
focus, but the focus can and does get out whenever
the surrounding tissues are out of their refractory % B \%
period.
A
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‘To summarize, ectopic beating may be the result of one of the following mechanisms:

A Reentrant Always abnormal and someti
: imes dangerous. Parox -
L ,-_‘cardia is usually caused- by sustainéd reentry e vsmal tachv

"':ﬂ':g’ﬁ:::ni;t:z}gemt:r;d lA physmllogic and often Ilfe -saving response, |d:01unc-.' .
- ventricular, exactly like a dema
:normal fros 60 ‘ . nd pacemaker. Rate slow to I0w~_

| : 3. Accelerated eutomatrc—demand {accelerated rdrorhythms} An autematlc focus :

-‘that fires in the pormal to- high- nermal range. Usualy they re not. needed

s :they re like demand pacemakers that are set too high, so that they. mterrupt a

perfectly nonnal heart mechanlsm Rate low to high-normal, 60 to 110. -

o

N 4.‘:-5::‘utomatrc tachycardia. A rare phenomenon with special cllmcai features,
is occurs wheri‘an automatic focus in the atria, junct:on or ventricles flres ’

i II‘I the tachycardla range, 130 or hlgher. . - :

:_‘ iutomaﬂc-parasystollc. An independent automat!c rhythm unaffected bv
' the normal activation of the heart. No consistent Imkage to conducted beats;
.parasystolic beats appear at intervals that are multiples of the bas)¢ rate of

= the parasystolic focus. Locus ma

. . y be atrial, Junctional, or ventricular. .
B -E_=::;a;vstoli; rhyt:ms may serve a useful purpose if one happens to be dlsi:-
..., “eharging when the hormal mechanism fails, but it's a

.do Hate Iow to h:gh normal, 40 to 110 R " accldent e thevl
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Figure 2-15.

Ventricular parasystole.
The ventricular ectopic
heats have no fixad
relation to the preceding
sinus beats, and they
appear at their own regular
rhythm.
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It's 2 AM in the emergency room, and you confront an electrocardiogram (ECG) li%'c‘e the
one shown in Figure 3~1. You see a rapid succession of wide QRS Fomplexes_ .w1th9ut
obvious P waves, rate 180. Your mental computer flashes two possible diagnoses:

; .1. Ve'ht_ricl.jtllart(échycafdia B R e
I 2."Junct'ional tachycardia with bundle-branch block_ _
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Prognosis and treatment are at opposite poles; the distinction may well be of life-and-
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| death importance. .
| ' You need some basic tools, some specific E
able to recognize the following:

CG skills, to tackle this problem. You must be ‘ il i J

complex consist of a wide R. wave. In simple terms, the wide R wave is over the blocked
ventricle. There will of course be a corresponding wide S wave over the normally activated
bundle-branch area.

(Some descriptions of this topic are fantastically complicated with vectors and mean elec-
tromotive force [EMF] and interfaces, but you can safely ignore all this. Look at V1, apply the
simple differentiation above, and you’re on solid ground.) '

1. Bundlebranchblock . .
\ 2.‘-‘ Réfeidapénq!ent bundte-branch block .~ o
| B Dissociation o
. 4 Fusionbeats

5. Capture -

Rate-Dependent Bundie-Branch Block

Bundle-Branch Block ‘ This is the sitnplest form of transient aberrancy. (Remember, the word aberrant means “devi-

is i ic that is often made needlessly complex. In theory and practice, it's simple:V1 is : ating from normal form or pathway”” Bundle-branch block is the extreme form of ventricu-

e 2 "IOPIC in bundle-branch block. The logic consists of three elements: ‘ lar aberrancy.) Rate-dependent bundle-branch block means that one bundle branch hasa

the defining lead in bundle-bra ' prolonged refractory period; that is, it takes longer than normal for it to recover from each

transmission. If the next impulse comes along before the “tired” bundle branch has time to
recovet, it can't transmit, and the ECG will record bundle-branch block. ‘

Figure 3--4A and B illustrates rate-dependent bundle-branch block. In Figure 3—4A, the
difference in rate is substantial, but in Figure 3—4B, the first three beats are normally con-
ducted at a rate of 73 (whereas bundle-branch block appears at a rate of 75). As you can see,
: the difference in rate between normal conduction and rate-dependent bundle-branch block
K may be very slight. In Figure 3-4, there is normal conduction at a rate of 75 and bundle-
: branch block at a rate of 78.

I As you can see, right bundle-branch block V1 may copsisF of a small r followeclll bz; a wfiiC, ‘ o Curious phenomenon: Figure 3-5 was recorded during treadllnill testing. Ini the top strip of
| ' tall R (rR’), 2 phain R wave, or a gR. The essential point is that the last two thirds of the ] igure 3-5, you see normal conduction at a rate of 90, The patient went into rate-dependent

| -i 1. 1fa supfaveniﬁdular beat p'ro-dt':ce.s a QRS that isw.0.1_2 seeﬁpﬂ oF mote |n :

i width, one bundle branch must be blocked,

| 2. fV1consists of a wide S wave, left bundle-branch bjogk is pregqu (‘Eiqg;_iafg).-:.
3. If\h conslsts mainly of a wide tenninpl_ﬂ:wm‘,‘ fi'g_h‘t'_bundle-.pranfhjblg Is
: present (Fig. 3-3A, B, and.C). - : RERT LA

IR

i
i
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V3 T T Hily 5: e Figure 3-5.
Figure 3-3. : HH i V';?:,; P 1 it V?; SR AR i Pa?adoxical persistence of
Variations of right bundle- H Hi R I el e e | rate-dependent bundle-
branch block patterns in V1. o3 i f i FHAN IR AT A i ST branch block.
X ic = H Bl HH 1 5 ; H ] te
?Ft{'f\é;ttg?rti:rgse:;i?‘l’s\ple AN ihissiiavieies iy /I HR *Lj g e il i {] : E L HNE ; i aii :
rofmomso et S af: ! e
1 myocardial infarct. The HH i H: I 5 E
| wide terminal R is the 1 TR I
| defining phenomenon for e - H it T T
:. right bundle-branch block. 3 | [ e
; B H H assd
| L
1 filllin
] T
E H g i i
SR sulsnaEmEEE
AEH Y HiH e S left bundle-branch block at a rate of 100, and ¢he test was stopped. In the bottom strip of
B Figure 3-5, you see the pattern of left bundle-branch block still present at a rate of 90. For
o = 0 some reason, it often requires a slower rate to come out of bundle-branch block and back to
| i HiEH normal conduction than it did to go into bundle-branch block in the first place,
In Figure 3-6, there’s a typical example of rate-dependent bundle-branch block coming
i 1B and going with slight variations in sinus rate; aberrancy also disappears with the pause after a
" T A T Y ventricular ectopic beat. There is normal conduction in the beats marked N, at a rate of 65,
T e R T The first aberrant beat (A) in the top strip comes at an R~R_ interval equivalent to a rate of
i Hr 75. In the bottom strip, aberrant conduction pexsists at a rate of 71, When you're puzzling
i i over wide beats and narrow beats, you must be ready to recognize “critical” rate-dependent
i‘ aberrancy, which comes and goes with very small differences in rates,
:l . From all this comes a first step in logic when you're looking at an intermittent wide-beat
I

tachycardia. When you see wide QRS complexes at 2 rapid rate and normal ones at a slower
rate, you can consider rate-dependent aberrancy. On the other hand, when you see wide
QRS complexes at a slower rate than the narrow ones, forget about rate-dependent aber-
rancy. The wide beats must be ventricular (Fig, 3-7 ‘

c THIT e s T R VT IR Figure 3-6,
I W i i H R HH FE N A e s et i tH{HH| m Rate-dependent bundle-
i i H I I i H branch block. The beats
1 HE N N A i i H H i
: 1l A ifEy i |1|['j' T i S HEIH A b labeled A are aberrant; the
T T TR f T Ak T TR T J nniii Bt beats labeled N are
Figure 3-4. HHATHITRE ittt jLLEnE Seaedi lekinyis: 3 i i il ST i TR R 5 normally conducted. Note
A, Abrupt slowing of rate AT if i il R u AT : FHI: : i1 gt sasitl | i g st g TR i gaLige et T 15R0 SHITREEAmE  the very small difference in
from 62 to 43: the bundle- B s seesi ticaziated fremued - T T R AR piestEaghi LS : i i i i R [ e T S rate that sets up the
branch block disappears. It SRHRIHHEE WAL HHHEH FERE AR s s AR R MARER) CeEE It i ; B Tl G R s sl e e aberrancy,
resumes when the rate EREHEL HHE R BT TR i ; j-] it %‘ : s i | g rea i H i
goes to 68 for one beat i THEE Y flisi i i 2 : £l il
i and then disappears when A | il ﬂH” : _ mgm i ] ,&H! 1M I#Hi 7 HIH i ”[
} the rate falls to 54. T TP Al I e ] HHIH A i L A i il A A I
[ B, Rate-dependent bundle-  [FTEEHH L k fici3d I e §1i0 9 : : Ui i BT i § S 1yt i
branch block. R e e AL HIANH e dEiiind) : £ o & I ".Eh i i
il i : il T Al e Ul | W A it
T e ) i | i | e , '
, e e e e e T e R TR R At s i : ; IR e 1 't T N AT s s
il 5 | - ; M Wil
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Figure 3-7.

Strips recorded a few
minutes apart on the same
patient. The wide beats in
the top strip appear at a
rate of 140. The narrow
beats in the bottom strip
appear at a rate of 160, You
can't attribute the wide
beats in the top strip to
rate-dependent aberrancy;
they must ba ventricular,

Figure 3-8.

Dissociated sinus P waves
“marching through” a
short run of ventricular
tachycardia.
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Dissociation

In Chapter 2, we discussed the phenotnenon of atrioventricular (AV}). dis‘sociation.
Dissociation means that the atria are being driven by one pacemaker (usually the sinus n.ode)
while the ventricles are being driven by an ectopic rhythm in the junction-orf the. ventrul:les.
The two rhythms are independent. This is a critical observation in th.e f.ilag'nom.s of wide-
beat tachycardia because about 50% of the time ventricular tachycardia is d1ssorﬁated fr$>m
an independent sinus rhythm. There are discernible independent P waves “marching
through” the ventricular complexes. - .

With rare exceptions, junctional tachycardia is not dissociated, T.he (?ctopm‘ focus 11<-:‘s at
the edge of the atria, so the impulse is conducted back across the atria discharging the sinus
node. . .

Here'’s a one-way correlation: If you see a dissociated sinus thythm during a w1dc=j-beat
tachycardia, the tachycardia is ventricular (accuracy about 98%). On the other hand, 1.f you
don’t see dissociation, the tachycardia could still be ventricular. About 30% of all ventricular
tachycardias are not dissociated. o

Sometimes the dissociated P waves are obvious, sometimes not. In Flgure 3-8, the
P waves are sharp and well defined with a double “spike.” You can put your calipers onlther'n
and march them through the wide-beat tachycardia; the unmistakable sharp deflection is
obvious at the points marked P. : oy

It’s not always that easy. Sometimes you have to turn to the Ol '.i."e'srament: Doth t-he leop-
ard change its spots?” Obviously not; the author of Jeremiah was trying to makc a point. Look
at Figure 3-9. There’s a wide-beat tachycardia. The T waves keep changing their shape.
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Leopards don't change their spots, and T waves don’t change their shape. Further, the Q-T
interval will be fixed at any given rate.

In Figure 3-9, the T waves are changing their shape from beat to beat, and the Q-T inter-
val seems to be varying wildly. There’s only one possible answer: AV dissociation is present,
and the changing shape of the T' waves means that there are dissociated P waves marching
through them. Leara to look for changes in 'T' wave morphology and Q-T interval in a
wide-beat tachycardia. That’s how you can spot dissociation and make a precise diagnosis.

Fusion Beats

When I talk to audiences of internists about arrhythmias, [ often ask if anyone would like
me to review fusion. Invariably, a great many hands go up.

Fusion beats are the 100% infallible marker for a ventricular source of wide beats. They
are also called “Dressler beats” for the man who first described them. Figure 3—10A and B
shows what happens.

To have a fusion beat, you must have AV dissociation—the atria must be beating inde-
pendently. In Figure 3-10A, you see a normal sinus impulse at A. This impulse has traversed
the atria and is part way through the AV node when an ectopic ventricular focus fires at B.
Now the ventricle is invaded by two impulses that meet, of “fuse” somewhere in the ven-
tricular network. The result will be a beat like the one shown in Figure 3—-10B, iabeled C.

The QRS will be a hybrid, with a morphology that lies somewhere between the shape of
the sinus QRS and the shape of the ventricular ectopic beat. Note that beat C has a general
outline like the ectopic beat, except that it’s narrow. The ventricular ectopic beat has been
“normalized” to some extent by the invading sinus impulse. For fusion to take place, the
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Figure 3-9.

Wide-beat tachycardia.
Note the strtking change in
T wave morphology.
Sometimes youy can see
well-defined peaks; these
are obviously dissociated

P waves. The tachycardia is

Pl
4 [l
Gl

Fusion

probably ventricular.
I |
3 ' E 4 s
': 1 u 5 o :i
i 1 R il I
Figure 3-10,

A, Beginning of a fusion
beat. B, Fusion beat. The
sinus impulse {A) and the
ventricular ectopic beat
{B} have “collided” or
fused in the ventricles,
producing a hybrid beat
atC.
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Figure 3-11.
The beats marked N are
normal sinus beats. The
beats marked with a
question mark might be
ventricular, or they might
be junctional beats with
aberrant conduction. The
beat marked F is the
answer. It has a shorter P-
R and a QRS that's
intermediate in shape
hetween the sinus beats
and the wide heats.
Obviously, it's a fusion
heat, and the wide beats
must be ventricular.

Figure 3-12.

You saw this strip in tha
last chapter. It's reproduced
here again because it's
such a good example of a
fusion beat (f). Obviously,
the beats marked with a
guestion mark must be
ventricular.

Figure 3-13.

Normai sinus rhythm with
occasional wide beats (V).
At F, there's an ohvious
fusion beat. The 9th and
14th beats are also fusion
beats.
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ventricular focus has to discharge while the sinus impulse is still %n thlf; AV node.Thcrefo;e,
the P-R interval will always be shorter than the P_PL of n}c;rr_na{l) s;:ugi t:;::ed e s
] i i racterized by a shoit P-R gom _
iore time: Fusion beats will be chalactcuzf; : P-R .
' beais)n';‘l’ze-- QRS will be intermediate in shape between the QRS _otj the sinus beats and the
S of thie ventricular ectopic focus. o B
QI'{TShZ ﬁ'lslion beat may look like a slightly widened and distorted situs beat, or it may lock

- ‘ . . v . . ll
like a slightly narrowed and normalized ventricular premature EOI;traCthlnl (;7P1(23) 31_12133
de e‘nds on which impulse penetrates farther into the ventricle. F1g1_1rf.:s 3—b : wkiu, ou’]i
g 3-14 are all examples of fusion beats. Study them carefully. This is a basic skill y
and 3— ;
exercise in many tense moments in the coronary care unit.
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Figure 3-14.
Sinus rhythm. At F, one
obvious fusion beat.
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Capture

Fusion beats represent a partial capture of the rthythm by the sinus node. Sometimes the
sinus impulse “sneaks through” between the beats of 2 ventricular tachycardia and penetrates
the entire ventricular network, actually producing a normal sinus beat right in the midst of
the ventricular arrhythmia, ‘To have capture beats, of course,
sinus rhythm.

When you see a capture beat, you use the logic you used to detect rate-dependent aber-

rancy. If you see a normal narrow QRS appearing at the same R-R. interval as the wide
beats, you have ruled out rate~dependent aberrancy as a cause of the wide-beat tachycardia.

you must have a dissociated

The tracing in Figure 3-15 illustrates all the criteria for the precise diagnosis of ventricu-
lar tachycardia. There are short runs of wide beats. If you look closely, you can see dissociated
sinus P waves marching through the wide-beat thythms. The beat marked C is a capture
beat. The QRS of the captuare beat is normal even though it appears at the same R-R inter-
val as the wide beats. The beats marked £ are obvious fusion beats with a short P-R_ and an
intermediate QRS morphology.

With all this information, you can make a 100% infallible diagnosis of ventricular tachy-
cardia. 'Try making the same observations in Figure 3-14,

So far, this has been a one-wiy street. The criteria listed up till now are diagnostic of
ventricular tachycardia. However, you won'’t find them in more than 50% of cases of ventric-
ular tachycardia (some investigators put the percentage as low as 35% to 45%). If none of

At this point, I can predict the reader’s question: “How about morphology? Can’t you teli
the difference between ventricular beating and aberrancy by the way the QRS looks? You
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Figure 3-15,
Fourbeat runs of
ventricular tachycardia
interrupting a sinus
rhythm. You can see
dissociated sinus P waves
marching through the
tachycardia with fusion
beats {f} and a capture
beat (C) with a normal
QRS. This strip illustrates
all the criteria for the
precise diagnosis of
ventricular tachycardia,
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Ventricular tachycardia
with dissociated sinys P
waves, capture with fusion
{Ced and capture with
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Figure 3-17.

QRS morphelogy of

ventricular tachycardia. The

ventricular beats are about

0.16 second wide. (Note

the frequent fusion heats )
4

Figure 3-18.

Ventricular tachycardia. The
distance from the
baginning of the R to the
bottormn of the S is 0.16
second (Brugada's sign of
ventricular actopic
complexes}.

Figure 3-19.

Vantricukar tachycardia,
lead V1. Note the slurring
just before the nadir of the
S waves, This is evidence
of ventricular tachycardia
{Josephson's sign). Note
that these beats look
narrower than usual for
ventricular tachycardia, but
part of the QRS is "buried”
in the baseline—they're
really 0.12 second wide.

Three: Differential Diagnosis of Wide-Beat Tachycardia

certainly hear enough about it Back in the 1960s, Marriott launched an at;emt[:t tto 21&;:
entiate ventricular ectopic beats from aberrantly conducted supraventricular beats 1 ydin
shape of the complexes. Over the intervening years, many f)ther- ¥n-\l'¢last1gators, including
Wellens, Lie, Akhtar, Brugada, and Josephson, have pursued this possibility. "

There are indeed some characteristics of QRS morph?logy that eflable you to say, wi
about 98% accuracy, that a given wide-beat tachycardia is in fact ventricular:

5. RS ormplexes with  prlonged itersl from B o bottom of  (mofe that
6. Notching near the nadir of the S wave inV1 when V1 gonsists of awide §. . |

i -17, 3~18, and 3—19 illustrate many of these features. -
iﬁiliuig;sl sil"iorphology in aberrancy? There’s an enormous and ﬁ'ustratfng ovetlap
between ventricular tachycardia and junctional tachyca-rdla with aberrfmcy wl.len 1}!1; comes to
QRS morphology. If none of the above characteristics 1s present, and if thire is :}a.l i rt}af-colrg—
ponent R wave inV1 (isR”), then there’s a chance—no be!:t(?r than 80%—t a}: tl e wnhi
beats are caused by aberranicy. There are no specific characteristics of QRS morpholegy tha
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permit you to say, with acceptable accuracy, that a given wide-beat tachycardia is in fact due
to aberrancy—80% simply isn’t good enough for what may be a life-and-death decision.
You can often very accurately rule ventricular tachycardia in, but you can't rule it out. This
chapter is therefore going to conclude with an editorial.

The Aberrancy Aberrancy

Ventricular tachycardia is a dangerous arrhythmia; it practically always connotes significant
organic heart disease. Conversely, junctional tachycardia with or without aberrancy is rela-
tively benign. It frequently occurs in otherwise normal individuals. Because of the various
studies trying to differentiate the two on the basis of QRS morphology, there’s a dangerous
and deplorable tendency for physicians in emergency departments and intensive care units
to look at a wide-beat tachycardia, mutter that it “looks aberrant” and order potentially
lethal treatment. Ventricular fibrillation, death, and malpractice suits are likely to follow in
horrid swift succession.
Always apply these steps in logic:

1. Treatment for supraventricular tachycardias includes verapamil, digitalis,

and phenylephrine. Any one of these is likely to be lethal if the tachycardia is
really ventricular. : ' S

2. On the other hand, drugs used to treat ventricular tachyecardia (lidocaine,
. Procaine amide, and amiodarone) will not do any harm if the rhythm is in

fact junctional. Procainamide or amiodarone may well stop a junctional
tachycardia. .

3. There are many ctiteria, as listed previously, that enable you to say that a
given wide-beat tachycardia is in fact ventricular. These criteria are specific,
but they’re not sensitive. Many cases of ventricular tachycardia—possibly
half—~won‘t fit any of these criteria, so you're stuck with a diagnosis of

- "wide-beat tachycardia, possibly ventricular”

~ 4. On the other side of the coin, there are no criteria that permit you to say with
. acceptable accuracy that a given wide-beat tachycardia is not ventricular
and is in fact caused by aberrancy. In other words, it's a one-way correla-
tion—a fact that often escapes many clinicians and investigators. (Many of
‘my colleagues are brilliant observers but not very good logicians.)

There’s only one sure way to diagnose aberrancy in this setting. If you find a previous
tracing with sinus rhythm and bundle-branch block and if the contours of the wide-beat
tachycardia are the same as the bundle-branch configuration when the patient was in sinus
rhythm, then and only then can you diagnose aberrancy with confidence.

Here’s a reasonable protocol for a wide-beat tachycardia: | _
First, always try vagal stimulation by carotid sinus massage, the diving reflex, or the Valsalva

maneuver. If the tachycardia stops, you can be absolutely sure it was supraventricular,
Second, if vagal stimulation doesn’t work, try adenosine. If this stops the tachycardia, you can

be sure it was supraventricular.

Third, if none of these maneuvers works, if there’s no previous ECG for comparison, and if

you value your patient’s life, treat_for ventricular tachycardial
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Figure 4-1.

Dual AV nodal pathways.
In the top strip, the PR
interval is 0.20 second. In
the middle strip, the P-R
has abruptly lengthened to
(.48 second. These two
intervals varied back and
forth erratically even
though the heart rate
remained the same. There
are obviously two separate
pathways through the AV
node, one fast and one
slow. {Tracing courtesy of
Dr. Samuel Goldfein.}
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The Supraventricular
Tachycardias

There are six different, well-defined types of supraventricular tachycardia:

1. Atrioventricular {AV) nodai reentrant tachycardia—the most common cause
of paroxysmal supraventricular tachycardia .

2. AV nodal reciprocating tachycardia—the term- rec{procating means that
there’s a bypass tract that forms a reentrant circuit with the AV node

3. Automatic or “nonparoxysmal” junctional tachycardia
4. Ectopic atrial tachycardia of childhood (relativeiy rare}
5. Sinus node reentrant tachycardia—the rarest of the six

6. Multifocal atrial tachycardia

AV Nodal Reentrant Tachycardia or
Two-Track AV Nodal Reentry

It's only in the past decade that we've learned what 1‘eallylllappens in l:h.is very ’cr(;lr_nn‘mr’i
arthythmia. Figure 4-1 is a good illustration of the un‘derlymg pathophsfsmlogyf. (f. is 131;
the best-preserved electrocardiogram in my collection—we lt-m-i to rescue it 1omlt1\<;
wastebasket at our Veterans’ Hospital, but it’s such a rare and striking example of dual A

{HIDT HHI
] | i . HEHI
A o
il g ’ f4 LA T
15 i | i ".\ 3’,‘“ ‘_:;J L 1 L . - I
| TSR s AL
Hil LAY 31T | 1 |
X ket i FEREERELL LT
11 ERRA1REN 3 k=1131H 1 5
1 Tl it il
Il H | ..\ﬁ =) ;" = -1 g ‘;_‘f o \‘1'
W | -
Tt "l;--f T AT i HRER .
r | I 3
i 2 - 1 :
I : - Py il
] 1 " | ' '}
THETT 3 [ad Ly
TR a1 /\ NI N srE) ) in B AN
i 1
I #

Four: The Supraveniricutar Tachyeardias

A B c

Fast track Slow track  Fast track Slow track
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nodal pathways that it’s reproduced here as well as possible.) You'll note that there are two
different, well-defined P-R intervals, one prolonged (0.46 second) and one normal (0.20
second). These two P-R intervals appear erratically with no apparent reason for the change.

Tracings like this were the first evidence of dual AV nodal pathways. The only way you can
possibly explain the random change in P-R intervals is that there are two completely sepa-
rate AV nodal pathways that are isolated from each other. In other words, when an impulse
comes down one pathway, it doesn’t affect the other. Invasive EP studies have shown that
many individuals have dual AV nodal pathways, even though they don’t show up in the sur-
face ECG.

There’s a slow pathway with a short refractory period, and a fast pathway with a long
refractory period. Figure 4-2 shows what can happen. Normally, conduction comes down
the fast pathway, but sometimes a beat will be conducted down the slow pathway—usually,
this will be a premature atrial beat. Now there’s the electric activity of the slow pathway still
moving down the node when the fast pathway has fully recovered from its last transmission
and is ready to conduct again. As one investigator put it,“The fast-track tissue manifests pref-
erential retrograde conduction.” Either way you say it, part of the impulse from the slow
track enters the fast track and goes back up the AV node. Up at the top of the AV, very
slightly into the atrial tissue, the impulse reenters the slow pathway and starts back down.

Thus, you have a reentry circuit right in the AV node. Of course, this reentry circuit
throws off antegrade impulses that go on down into the ventricles and retrograde impulses
that go back across the atria (Fig. 4-3). At other times, the activating impulse may come
down the fast track and back up the slow track. Thus, you may have either 2 “slow-fast” or a
“fast-slow” reentry circuit in the AV node.

Note how this process starts in Figure 4-3.The fifth beat is a premature atrial beat; typi-
cally, this starts the reentry circuit. For the first few beats, the retrograde P waves have chang-
ing relationships to the QRS complexes, depending on speed of conduction up and down.
Toward the end of the strip, the relation of retrograde P to QRS settles down and becomes

fixed. This is typical of the beginning of one of these AV nodal reentrant fachycardias
{AVNRTS). ‘
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Figure 4-2,

Mechanism of AV nodal
reentrant tachycardia. In
30% of patients, thereis a
slow track and a fast track.
Normally, the activating
impulse comes down the
fast track (A). Sometimes
the-impulse comes down
the slow track (B). Part of
this impulse then enters
the fast track and travels
back up toward the atria
while another part goes on
to stimulate the ventricles.
At the top of the AV node,
the returning impulse
"bridges” very slightly into
the atrial tissue and rns
back down the slow track,
thus perpetuating the cycle
(C). Of course, the retuming
impulse also sends an
impulse across the atria,
producing a retrograde P
wave, This is a typical slow-
fast reentry; the cycle may
also be reversed with a
fast-stow track.

Figure 4-3,
Diagram of typical AY
nodal reentrant
tachycardia.
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Figure 4-4.

AV nodal reentrant
tachycardia, rate 214. Note
retrograde P waves in
hotiom two leads.’

Figure 4-5.

Onset of AV nodal
raentrant tachycardia. Noto
that a premature atrial beat
triggers the tachycardia
(beat no. 4, top strip). Note
also that there's some
variation in the relation of P
to QRS in the top strip
while the rhythm "builds
up.’ In the bottom strip,
the relation of retrograde P
to QRS becomes fixed.
Instead of a P-R interval in
these tachycardias, one
sees an "R-P" Theres a
fairly long R-P here.

Four: The Supraventricular Tachycardias

SHIT

Figures 4—4, 4-5, and 46 are all examples of this type -of arrl.lythmia. They constitute
more than 90% of the suptaventricular tachycardias you will see in the average emergency
toom or intensive care unit. The retrograde P waves may comne jlust before, cllurmg, or aftc?r
the QRS, depending on the relative speed of conduction back into the atria and forward
into the ventricles. The rate will be rapid, in the range of 150 to 250. . .

Because this is a nodal rhythim, anything that depresses AV nodal conlductllon? w.111 turn off
the reentry circuit and stop the tachycardia. Vagal stimulati(?n, adenosine, d1gltalls, §alc1ufn
blockers, beta blockers, and quinidine are all effective. It’s logical to tl;y vagal st'lmu‘latlon first
by carotid sinus massage, the diving reflex, or the Valsalva maneuver. Adenosine ts th;: ilext
step: Between vagal stimulation and adenosine, you can termlt‘late more than 90% ? t lleslef
tachycardias. Remember, these interventions stop the a.rrhyth.mm abruptly and com.p etely. -
the rate slows and then speeds again, you're not dealing with AVNRT. Look for another

B
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mechanism and another cause. AVNRT will almost always produce retrograde conduction

across the atria, AV dissociation is very rare with AVNRT. AVINRT will never be the result
of digitalis toxicity.

AV Nodal Reciprocating Tachycardia:
"Preexcitation” Tachycardia

Figure 4-7 illustrates this simple mechanism, There’s a bypass tract—some type of preexci-
tation. An impulse comes down the AV node and back up the bypass tract, forming a self-
perpetuating circuit. It may also go around the other way, down the bypass tract and back up
the AV node. {You’ll read much more about this in the chapter on preexcitation, but it's
introduced here to keep the record clear and complete,)

If the impulse comes down the bypass tract, the QRS will ofien have the typical defor-
mity of Wolff-Parkinson-White conduction, so the diagnosis is simple (Fig. 4-8). If, on the
other hand, the impulse comes down the AV node, the QRS will be normal, and it’s difficult
to decide if there’s a bypass tract. One clue may be helpful: The impulse returning to the
atria, back up the bypass tract, will naturally arrive at the atria affer the antegrade impulse
reaches the ventricles, so the retrograde P will come after the QRS. That should at least
arouse your suspicion of a bypass tract (Fig. 4-9).

The rate will be the same as in AVNRT: The arrhythmia will begin and end abruptly. In
other words, this is a true paroxysmal tachycardia,

Because the AV node forms one arc of the circuit, anything that depresses AV nodal con-
duction can end the arrhythmia, just as with AVNRT. Vagal stimulation, adenosine, and sup-
pressive drugs will all be effective, In addition, drugs that depress conduction in the bypass
tract (e.g., procainamide and quinidine} can end the arrhythinia.

Special note: You may have heard cautions about using AV nodal suppressant drugs like
digitalis in the presence of preexcitation. That applies only when there’s atrial fibrillation or
flutter with a bypass tract, When the only arrhythmia is a simple paroxysmal tachycardia,
you can depress either side of the circuit and stop the arrhythmia. Response to treatment
will be abrupt, “all or nothing,” just as with AVNRT,

Figure 4-7.

Diagram of AV reciprocating cycle involving a bypass tract. In this case,
the impulse comes down the AV node and goes back up the bypass tract.
It can also go the other way.

>
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Figure 4-6.
Typical AV nodal reentrant
tachycardia, rate 187
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Figure 4-8.
Reciprocating tachycardia
with typical preexcitation
deformity. The top two
strips show intermittent
WPW preexcitation with
occasional normal beats.
{The second and third
beats in the top strip are
normal.} The second beat
in the top strip is normal,
with a P-R of 0.22 second
and a narrow QRS. Most of
the other keats on the top
two strips show a much
shorter P-R (0.13 second),
with a very wide QRS—a
typical WPW deformity. In
the bottom strip, there is a
tachycardia in the same
patient with a rate of 160
and the same wide QRS
complexes, only maodified
a little by the rapid rate.

Figure 4-9.
Reciprocating tachycardia
with “orthodromic”
conduction, meaning that
the impulse comes down
the AV node and back up
through the bypass tract.
The retrograde P following
the QRS suggests that this
is really a reciprocating
tachycardia.

Four: The Supraventricular Tachycardias
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This arrhythimia, like AVNRT, will practically never be dissPciated; the retrograde
impulse practically always discharges the sinus node. This nrrhythm%a occus sp9ntaneously;
it is not a digitalis-toxic arthythmia. A good abbreviation for this arrhy.thmm would be
AVPET:AV nodal preexcitation tachycardia, Nobody’s proposed it yet, but it seems very rea-
sonable, it’s descriptive, and it’s easy to pronounce. Why not?

Automatic or “Nonparoxysmal”
Junctional Tachycardia

This is a simple type of arthythmia; the only problem has been the inexcusably confused ter-
minology. . .
Sontetimes an automatic focus in the region of the AV junction begins to fire in the
“accelerated” mode. The rate may be as low as 70 or as high as 130. You could properly call
these either “accelerated junctional rhythm” or “automatic junctional tachycardia,” delpt?nd—
ing on the rate (over or under 100). Instead, they're all lumped under the term automnatic junc-
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tional tachycardia. How can you call something with a rate of 70 or 80 a “tachycardia”? Good
question. The answer usually given is that you expect an automatic junctional rhythm to be
slow, so a rate of 70 or more is a “relative” tachycardial

The term nonparoxysmal is used because these arrhythmias don’t have the abrupt, all-or-
nothing beginning and end of the true paroxysmal tachycardias; they can begin and end
more gradually.

Several features distinguish automatic junctional tachycardias from AVNRT and AVPET:

1. Automatic junctional tachycardias are often dissociated from the sinus
rhythm (Fig. 4-10). It's common to see dissaciated sinus P waves “marching
through” the junctional rhythm and occasionally capturing a beat,

2, The rate of these arrhythmias is much slower than the rate of true paroxys-
mal tachycardias {Figs. 4-11 and 4-12).

3. Onset may be gradual, and there are often no symptoms.

4. Automatic junctional tachycardias are very commonly caused by digitalis
toxicity. The only treatment required is removal of the offending drug.

Ectopic Atrial Tachycardia of Childhood
This is relatively rare. It’s caused by the discharge of an ectopic focus in the atria. The AV
node is only a passive conductor in this arrhythmia-unlike AVINRT; it has nothing to do

27

Figure 4-10.

Automatic junctional
tachycardia dissociated
from a sinus rhythm. The
junctional tachycardia has a
basic rate of 128. You can
clearly see independent
sinus P waves rarching
uninterrupted through the
tachycardia. Every now and
then, you see a QRS
appearing early, which tells
you that the sinus node

has “caplured” a heat
{e.g.. the second beat in
the top strip: the sinus P
wave is hidden in the
preceding T). The sinus
capture beats are labeled
S. This kind of dissociation
is very rare with AVNRT or
AVPET, but is common
with autornatic junctional
tachycardias—an important
differential point!

Figure 4-11.

Accelerated junctional
rhythim, rate 88. This is
atso called an automatic
junctional tachycardia even
though the rate really isn't
in the tachycardia range.
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with the actual machinery. The actual mechanism may be a very small reentry circuit
around an atea in the atria or simply acceleration of an ectopic atrial focus. .
The BECG is characterized by definite P waves with a consistent morphology, E)bvmusly
different from the sinus P waves, and a P-R interval that is at least equal to the sinus P-R
(Figs. 4—13, 4-14, and 4-15). The rate will usually range from 130 to 160—somewhat
slower than AVNRT or AVPET. o
: 12 This arrhythmia commonly appears eatly in life and tends to persist into adultho](lml(.1
iﬁ:;i:; jun.ctional Alchough it isn’t dangerous, it can be seriotllsly_dlsabhng. Sometimes it can be controlle
tachycardia, rate 102.The with drugs, but invasive treaiment with ablation is often necessary.
large spiky deflections that
appear at the right-hand
end of both strips are

really dissociated sinus

P waves; this patient .. ) . N - )
happened to hZ\re massive  This is probably the rarest of the group. [ts simple to picture: Thelf: s an abrupt increase in
atrial enlargement with rate, but the P waves look exactly like the normal sinus P’ waves (Fig. 4-16}. There appears
bizarre P waves on the to be a kind of micro-reentry circuit involving the sinus node that starts and stops abruptly,

monitor, as recorded here. like any reentrant tachycardia. The rate will be somewhat slower than the AVINRT-AVPET
Again we see AV
dissociation, common with
this group of arrhythmias.

Sinus Node Reentrant Tachycardia

group, in the range of 130 to 160.
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Figure 4-13.

Ectopic atrial tachycardia,
Note well-defined but
bizarre P waves with
normal P-R interval.
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Sinus node reentrant tachycardia starts and stops abruptly—that’s how you distinguish it
from a simple sinus tachycardia, which will always speed up and slow down gradually. Unless
there’s some coincidental disease in the AV node, the P-R interval during the tachycardia
will be identical to the sinus P-R.

This, too, is 2 “nuisance” tachycardia, usuaily responsive to suppressive drugs. As far as any-
body knows, it is not caused by digitalis roxicity, but the literature on the subject is scanty.

Multifocal Atrial Tachycardia

This is a tachycardia with a single, specific cause,

On the electrocardiogram, you see runs of atrial ectopic beats appearing in rapid succes-
sion with wildly differing P wave morphologies {(Figs. 4—17 and 4-18). Remember that in
Chapter 2 it was emphasized that each ectopic atrial focus produces a specific, characteristic
P wave; that is, when you see P waves with differing shapes, it’s obvious that a number of
ectopic foci are discharging.

29

Figure 4-14.

Short runs of ectopic atrial
tachycardia. Note the
striking difference in
morphology between the
sinus P waves and the P
waves of the ectopic
focus.

Figure 4-15.

End of a run of ectopic
atrial tachycardia. The
relatively slow rate (128)
and the obvious difference
between the ectopic P
waves and the sinus P
waves are characteristic.

impulses.
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Figure 4-17

Multifocal atrial tachycardia
{top strip). Resumption of
sinus rhythm interrupted
by random atrial ectopic
heats from multiple foci in
the bottom strip after
treatment with O, and
magnesium.
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Figure 4-18.

Multifocal atrial tachycardia
{top strip). Slowing of rate
in bottom strip with
multifocal single atrial,
junctional, and ventricular
sctopic beats, after
treatment with O, and
rmagnesium,

Four: The Supraventrieular Tachycardias
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To diagnose multifocal atrial tachycardia (MAT), therefore, you must document rapid
atrial ectopic beating from multiple foci. The diagnosis of MAT means that there are runs of
three or more ectopic beats—single premature atrial beats, even thf)ugh they come from
multiple foci, are not the same thing, MAT practically a?ways appears in short bursts. of vary-
ing length, as in Figures 4-17 and 4-18.The result will u.sua]-ly be a completely 1rre.gular
rhythm that could very easily be confused with atrial fibrillation. Lock for the multiform
P waves! _ . ‘

This is a hypoxic arthythinia, and the treatment is proper oxygenation. Or.dma.ry suppres-
sive drugs like digitalis are not effective. In our institution, we -have been using intiavenous
magnesium, which has given encouraging results with control in more than half of all cases.

(This, of course, is still investigational.)

Paroxysmal Atrial Tachycardia with Block

This is an archythmia with a very specific clinical connotation. About 90% of the time, it is
the result of digitalis toxicity. It differs in many respects from the tachyarrhythmias listed here
and will be described where it belongs: in Chapter 16, Digitalis-Toxic Arrhythmias.

Five

Various Abnormalities of
Intraventricular Conduction

You're already familiar with simple bundle-branch block. There are other forms of intraven-
tricular conduction delay; recognizing them is sometimes critical. Mastery of all the varia-
tions of intraventricular conduction is an absolute prerequisite for anyone claiming
competence in electrocardiogram (ECG) interpretation.

In this chapter, you will learn how to recognize six distinct entities:

1. The normal septal Q wave. (The septal Q wave is important in some conduc-
tion defects; it's also a good idea to define it properly now so that you'lt dis-
tinguish it from the pathologic Q waves of myocardial infarction.)

. “Incomplete” bundle-branch hlock
. Intermittent bundle-branch block
. Normalizing fusion

. The hemiblocks, or fascicular blocks, and bifascicular and trifascicular blocks

N G B oW N

. Nonspecific intraventricular conduction delay

This may seem an intimidating list, but these are everyday workhorse skills. Normalizing
fusion and intermittent bundle-branch block are not academic curiosities: they pop up in
every busy emergency room and coronary care unit, and the electrocardiographer must be
ready to recogaize them.

The Septal Q Wave

When impulses pass from atria to ventricles, the left side of the septum is activated slightly
before the right. Thus, a small left-to-right force is generated (Fig. 5-1). This will be
recorded as an initial negative deflection in any lead out to the left of the septum—aVL,V5
toV6, or sometimes the inferior leads, IT to IIT and aVE This Q wave will be narrow; it will
never be more than 0.02 second wide in a normal heart.

Figures 5-2, 5-3, and 54 are all variations of the normal septal Q. Remember, it’s the
width of the Q that tells you whether it’s physiologic (septal) or pathologic (necrotic). We
used to emphasize depth of Q, but careful pathologic correlations have shown it’s the widfl
that’s the crucial element. (I've seen some really tragic mistakes when normal septal Qs were
misread as pathologic Q waves—hence the emphasis on this topic here.)

“Incomplete” Bundle-Branch Block

Sometimes you'll sce an ECG that looks exactly like left.or right bundle-branch block with
one difference: the QRS is a little narrower than it is in true bundle-branch block—0.10 or
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Figure 5-1. -
Genesis of the physiologic
saptal Q wave. The
activating wave moves
through the septurn from
left to right, producing a
small initial negative force
in leads to the left of the
septum.

Figure 5-2.
Septal Q waves in lead |

and aVL.
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Figure 5-3.
Septal Q waves in the
inferior and anterior-lateral
leads: I, Ill, aVF, and V5 to
V6.
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0.11 second instead of 0.12 second (Figs. 5-5 and 5-6). Nobody knows exactly what this
means. My own ECG has shdwn a progression from “incomplete” right bundle-branch
block with a QRS of 0.10 to “complete” right bundle-branch block with a2 QRS of 0.12
over the past 8 years—the morphology remains precisely the same, but the QRS is slightly
wider.

[t has been postulated that in incomplete bundle-branch block, the malfunctioning bundle
is actually conducting slowly, whereas complete bundle-branch block means that it doesn't
conduct at all. Nobody is sure, and the whole topic would be nothing more than an ECG
curiosity except for one critical difference: a change from incomplete to complete bundle-
branch block can be critical in the diagnosis of myocardial infarction.

Look at Figures 5-7 and 5-8. Both have a left bundle-branch block configuration, but
there are two important differences. First, the QRS complexes are narrower in Figure 5-7.
Second, there is a septal Q in aVL in Figure 5-7 but not in Figure 5-8.

Think of the genesis of the septal QQ as outlined previously and take another look at
Figure 5-1. To bave a septal Q, the normal activating wave has to come down the left side of
the septum first and penetrate the septum from left to right. If the left bundle branch is
blocked, that can’t happen. The activating impulse has to come down the right bundle
branch, and the septum has to be activated fiom right to left. There cannot possibly be a
septal Q wave.

Thus, the classic diagnosis of left bundle-branch block must include the statement “no sep-
tal Q wave.” Presumably, with the incomplete type of left bundle-branch block, there is pene-
tration down the left side of the septum, albeit slow—hence, the presence of the sepral Q,
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Figure 5-4.

Small septal Q waves in
the sinus beats, not
present in the VPCs.

Figure 5-5.
"Incomplete” left bundle-
branch block, The
deflection is negative in
V1, but the QRS is only
0.11 second wide and
there’s a septal Q in aVvi,
indicating that there must
be some conduction down
the left side of the septum.
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Figure 5-6. :‘
"Incomplete” right bundle-
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Why is this important? If there’s an infarct involving the septum, the disappearance of a
| AL : il . septal (@ wave, with progression from incomplete to complete left bundle-branch block, may
jn Ry ff i:l. il ﬂm{; iiHiffi T : be the only ECG evidence of infarction. That was exactly the case in Figures 5-7 and 5-8.
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i Trfcing on the day of Intermittent Bundle-Branch Block
admission for a suspected

myocardial infarct. Incomplete

Complete, permanent bundle-branch block means that some part of a bundle branch is

loft bunfjle—gre.mch blfigk el j totally dead in functional terms. Sometimes cells in a bundle branch are injured but not
septa : L o . . .

poa:;elgagloa:éo:\?svi i totally dead—they’re still capable of functioning,. Injured cells in a bundle branch will often

take an abnormally long time to recover after each transmission. In other words, the refrac-
tory period of the bundle branch may be abnormally prolonged.

You may see a pattern of bundle-branch block only on alternate beats (Fig. 5-9). This can pro-
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QRS to the beginning of the next. That way the varying width of the QRS complexes won't con-
fuse you. The QRS complexes in fact come exactly on time; the P wave of the narrow beat is hid-
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Figure 5-10.

2:1 Bundle-branch block. To
recognize what's
happening, it's important
to measure from the
peginning of each QRS
complex; in fact, they all
measure out exactly
despite the varying widths.

Figure 5-11,

3.2 Bundle-branch block.
The refractory period is so
prolonged that the
malfunctioning bundle
branch can conduct only
on every third beat.
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Normalizing Fusion

Remember ventricular fusion (in Chapter 2)? It’s what happens when a ventricular ectopic beat
starts across the ventricle and collides with an impulse coming down through the atrioventricu-
lar (AV) node, so that the ventricles are activated by two impulses. The resulting beat will be
hybrid in shape, somewhere between the normal QRS and the wide QRS of the ventricular
premature coniraction (VPC). The P-R interval will always be shotter than normal because the
VPC begins to be inscribed while the normal impulse is still up in the AV node.

Fusion beats tell you that the wide complexes without P waves that you see somewhere
else in the tracing have to be VPCs because the only way two impulses can collide, or fusc, in
the ventricles is for one impulse to start in the ventricles in the first place. When you see
fusion beats during a wide-beat tachycardia, the diagnosis is ventricular tachycardia, with
100% accuracy. That’s why fusion beats are important.

Here’s an unusual kind of fusion you can see when bundle-branch block is present.
Suppose a ventricular ectopic impulse fires in the blocked ventricle. Suppose also that by
pure coincidence the VPC activates the blocked ventricle at the same instant that the normal
impulse coming down from the AV node activates the other ventricle. Both ventricles will
be activated at the same fraction of a second, and the QRS will be narrow. The bundle-
branch block will disappeat, for no apparent reason, for one beat (Fig. 5-12).

In other words, this is a kind of fusion that “normalizes” a bundle-branch block. The P-R.
interval of the “normalized” beat will be shorter than normal, just like any fusion beat. When
you see a normal QRS interrupting a bundle-branch block for no apparent reason, it means
there’s a ventricular ectopic focus firing, normalizing the bundle-branch block. These
normalized beats may be your only clue to ventricular ectopic firing in the presence of
bundle-branch block; that’s why it’s important to recognize them {Figs. 5-13 and 5-14).

Fascicular Blocks, or Hemiblocks;
Bifascicular and Trifascicular Blocks

The left bundle branch isn't the simple structure physicians used to think it was. About 25
years ago, investigators found that the left bundle branch has two distinct functional ele-
iments that conduct in different directions. If you dissect out the left bundle branch by spe-
cial techniques, it looks like a fan with a long narrow handle—you can’t make out any
separate pathways or channels anatomically.
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A Nicchaniam o rormeling fus

H il e e . of normalizing fusion. When bundle-branch

A E iy, Dlock i prosent, a ventrioular ectopic beat may

Hgmgﬂﬁ;gimi?"?a giil!iiélﬁﬁliﬁﬁﬁ%lﬁﬂﬁﬂliﬂﬂﬂiﬂ[H!Ii%iillii §ometimes activate the blocked ventricle at the same
ARG instant that the other ventricle is activated normally,

thus producing a normal, narrow QRS by accident.

. Functionally, the story is totally different. The left bundle branch behaves as if it had two
different functional elements, conducting in roughly opposite directions. These functional
elements are called fascicles. The two fascicles are named according to the direction in which
they_ conduct; thus, there is a posterior-superior, or leftward, fascicle and an anterior—inferior
ot rightward, fascicle. The posterior-superior fascicle conducts upward and to the left at 31;
;ngle zf about —60 degrees (range, —40 to ~90 degrees). The anterior-inferior fascicle con-
dzgclt_zes;)\(a;?;:;_dlgid to the right at an angle of about +100 degrees (range, +80 to +120

'\X'fhen both fascicles are conducting normally, they batance each other out with a normal
axis in the range of +30 degrees. When one fascicle fails because the cells are diseased or
c?ead, the axis will swing far to the left or right, with unopposed conduction down the func
tioning fascicle. Thus, if the anterior fascicle fails, there will be unopposed leftward cond _
tion, and the axis will lie between —40 and ~90 degrees (Fig, 5-16). ( uc_

Logical question: Can anything else swing the axis this far lefi? Not much. Left ventricular
hypertrophy or a -high diaphragm in a short, stocky person can produce an axis as far left as
—39 degrees, but it won't go beyond that. A few rare degenerative diseases, like cardiac sar-
coid, may deviate the axis far to the left, but even in these cases it’s possible tilat degeneration
of the anterior fascicle may be the cause. As a general working statement, it’s fair to say that
an extreme left axis as defined previously nsually represents anterior fascic,ular block. ’
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Figure 5-13.

Lead |. Normalizing fusion.
In the middle of each strip,
there's a narrow QRS
preceded by a short P-R—
a typical example of
normalizing fusion.

Figure 5-14.

Lead V1. Normalizing
fusion in the setting of
atrial fibrillation. Left
bundle-branch block is
present, and there’s an
actopic focus firing in the
left ventricle, producing
the occasional wide bsats.
Beat four is narrow,
obviously the result of
normalizing fusion.
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Figure 5-15. _
Schematic representation
of the direction of
conduction of the two
fascicles of tne left bundle
branch.

Figure 5-16.

Left anterior hemiblock
with axis of —55 degrees.
There is also
intraventricular defay with
a QRS of 0.10t0 0. 11
second.

Five: Various Abnormalities of Intraventricular Conchuetion

The common term for fascicular block is hemiblock. This isn’t a very precise t.erlm 'becausE
it implies that half of the bundle branch is blocked. In fact, the' anterior fascic ; 1lsl mt-l;:e
smaller and more vulnerable than the posterior fascicle—possibly a quarter ot the size.
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However, the term hemiblock is in common use, so 1ts acceptable. The conclusio

i i i iti i i d on axis.
is i ‘ior i k elatively precise, positive diagnosis, base ‘
this is that left anterior hemiblock is a x y p e oL o enablish

\ Ii, or “septa
It was formerly argued that therc must be a small, . toc ;
the diagnosis of left anterior hemmiblock, but this notion has been substantially discarded. It’s
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the axis that establishes the diagnosis. Left posterior hemiblock is trickier. Posterior hemi-
block will produce an extreme right axis, in the range of +80 to +120 degrees, but so will
many other conditions: right ventricular hypertrophy, pulmonary hypertension {acute or
chronic), a tall slender habitus, or emphysema (Figs. 5-17 and 5-18).

Only when all other reasonable causes of an extreme right axis have been ruled out can
you consider posterior hemiblock as a cause of right-axis deviation. Posterior hemiblock is
therefore a diagnosis of exclusion.

Remember, you have to correct for age and body habitus when considering axis. It’s normal
for children and young people to have a right axis; on the other hand, if a slightly obese 65-year-
old with otherwise normal heart and lungs turned up with a +90-degree axis, the only reason-
able diagnosis would be posterior hemiblock. Posterior fascicular block is rare, presumably
because the posterior fascicle 1s the larger of the two fascicles, with a more secure blood supply.

Special clinical significance: If a fascicular block of either variety appears abruptly in the
course of an infarct, it may be a sign of acute ischemic change in the septum.

Fascicular blocks and AV conduction: In terms of AV conduction, fascicular blocks by them-
selves have no significance. In other words, the appearance of fascicular block does not present
a significant risk for subsequent AV block. There’s only one situation in which you'd be con-
cerned about fascicular block and AV conduction, and that’s when fascicular block is associ
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Figure 5-17.

Physioclogic right axis
daviation of +100 degrees
in a tall, slender, young
individual.

Figure 5-18.

Pathologic right axis
deviation of +112 degrees
appearing in a stocky,
middle-aged individual early
in the course of a
myocardial infarction.
Posterior hemiblock was
the diagnosis of exclusion
once a pulmonary embolus
had been ruled out.
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Figure 5-19,

Bifascicular block. The right
bundie branch is blocked,
as is the anterior fascicle
of the left bundle.
Conduction now depends
exclusively on the
posterior fascicle of the
teft bundle.

Five: Various Abnormalities of Intraventricular Conduction

ated with right bundle-branch block. (Left fascicular block couldn’t be associated with left
bundle-branch block, obviously, because if the whole bundle branch is blocked, there is no
possibility of conduction down one of the fascicles.) Figure 5--19 makes the problem clear.

If there is right bundle-branch block together with block of one fascicle of the left bundle,
the ventricular component of AV conduction is reduced to one strand out of three-—the one
remaining conducting fascicle of the left bundle. At this point, the diagnosis is bifascicular block.
Interruption ot delay in this last remaining strand will produce some type of AV block.

How can you tell if one fascicle of the left bundle is blocked in the presence of right bun-
dle-branch block? You do it by determining axis, just the way you do with ordinary hemi-
block. Remember that you diagnose left anterior hemiblock by detecting extreme left axis
deviation (—45 to —90 degrees). That’s exactly how you go about it when right bundle-
branch block is present, with one difference: you ignore the wide terminal wave that repre-
sents “backward” movement across the blocked ventricle,

You want to know what the axis is when the impulse is coming down the left bundle—
that’s being recorded during the initial part of the QRS.You simply measure the axis of the
initial 0.06-second forces of the QRS. That's the axis that’s recorded when the impulse is
moving down the left bundle, and that’s how you tell if one of the fascicles of the left bundle
is blocked. Figure 5-20 shows how to do this.

When bifascicular block was first described, there was a widespread belicf that if a patient
presented with syncope and bifascicular block, it would be reasonable to investigate the pos-
sibility of interniittent AV block as a cause of the syncope. Studies over the past 20 years,
however, have shown that bifascicular block isn’t really much of a risk in terms of AV block.
Bifascicular block is in fact fairly common, and the risk for progressing to AV block is low.

Look at Figures 5-21 and 5-22 and practice this simple measurement.

Trifascicular block means that there’s some kind of delay or failure in the one remaining fas-
cicle. Thus, if you saw bifascicular block with a prolonged P-R interval, it would be possibile
that the delay might be in the one functioning fascicle, and trifascicular block would be the

appropriate term (Fig. 5-23).
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Nonspecific Intraventricufar Conduction Delay

Someti ’ i
o l(rilllesbyou I see widened QRS complexes that don’t fit the definite pattern of any kind
_ hun ¢-branch block or fascicular block. The QRS will be 0.10 to 0.11 second wid
with no particular recognizable pattern. All i ; l e
' ki .All you can use is the obvious tern ific i
ventricular conduction delay, which is preci it i l e
\ s precisely what it is. There must be s lowing i
more distal arborizations of the bu e ol vt
indle-branch system, but that’s ab

o : e bu : , but that’s about all you can say.

e (ﬁiei :llstec? to pl;ly with terms like “local focal intraventricular block,” but they don't mea¥1

fuch in erms l;) real pathophysiology. Appearance and disappearance of this kind of detay,
e, may be a clue to acute changes, ischemic or toxic, in the myocardium ,

R, ﬁElﬁiﬂEﬁiﬂlgﬂjﬁlﬁq iﬂiﬁlmﬁmg Method of measuring axis in the presence of right bundle-
!;:«‘lif,h!ﬁ!.ﬁ.fﬁlg’iiigffiﬁili;ﬁ!iéilﬂﬂhﬁlﬂi‘iﬂfﬂ i branch block. Because you're trying to determine conduction
ﬁ;i}“‘E‘n‘gﬁ'gyiﬁzﬂ;ﬁiﬁiﬂ*ﬁﬂ? i . inthe left bund!e, it's important to measure axis at the time
i A |Bd the left bundie is being activated, in about the first 0.06

i second of the QRS.

L
ﬁﬁiliﬁiﬁ%ﬂ{ﬁﬁ[}jiﬂiﬂ

-4 LA e

il

i

L
A
T
I I I R :
| i

il skl Al

il A

Figure 5-21.

Right bundle-hranch block
with left anterior hemiblock.
Axis of initial 0.06 second is
— Bb degrees.
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Figure 5-22.

Right bundle-branch block
with left posterior
hemiblock. Extreme right
axis of initial forces is
present {(+118 degrees),
and all other causes of right
axis have been ruled out.

Five: Various Abnormalities of Intraventricular Conduction

The term peri-infarction block has been used to describe the kind of nonspecific conduc-
tion delay shown in Figure 5-24. Intraventricular conduction had been normal previously;
with the onset of a posterior-lateral infarct, the widened QRS appeared. It’s tempting to call
this a left anterior hemiblock, but note that lead II consists of a simple Q wave, whereas
there are many smaller Q waves in other leads. It's probably inaccurate to tty to estimate axis
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Figure 5-23.
Trifascicular block.
Prolonged PR in the
presence of right bundle-
branch block and left
anterior hemiblock. This
always raises the possibility
that the P-R delay is in the
one remaining conducting
fascicle, thatis, in the
posterior fascicle of the left
hundle. While this tracing
was being recorded, the
P-R interval prolonged
dramatically, and a
temporary pacemaker was
inserted as the patient
went into a high degree of
AV block.
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in the pr i i 1
e iplets)ence Zf pat.hologu: Q waves, 50 the simple term nonspecific intraventricular conduction  Figure 5-24.
o 21] s 2 better esl?uptor. Some part of the fascicular tissues must obviously be involved to  Intraventricular conduction
roduc p is. Fipur el i i
S ce a patteln- ike this. Figures 5-24 and 5-25 are examples of this kind of nonspecific delay in the setting of an
elay in intraventricular conduction. acute posteriorlatoral
myccardial infarct. This
kind of delay is sometimes
referred to as peri-
infarction block.
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Figure 5-25.
Intraventricular conduction
delay. The QRS complexas

are wide, but they're
narrawer than in true
bundle-branch block {0.10
to 0.11 second), There's
some slurring of the QRS
in several leads, a common
finding in this setting,
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More About Aberrancy

The competent electrocardiographer must be ready to recognize aberrant conduction in any
of its forms. Combinations of wide beats, narrow beats, and beats with changing morphol-
ogy may present life-and-death decisions. Learning the méchanism of the various types of
aberrant conduction is an essential drill, reminiscent of the “gimme 50 pushups” we used to
inflict on recruits in 1942.

In Chapter 5, you learned about simple “fixed,” or permanent, aberrancy. This can pre-
sent as bundle-branch block, fascicular (or bifascicular or trifascicular) block, and nonspecific

intraventricular conduction delay.
Aberrancy is often transient. When it is, it will be the result of one of four mechanisms:

1. Simple prolo'ngation of refractory period with rate-dependent aberrancy

2. Ashman aberrancy
3. Bradycardia-dependent aberrancy '
4. Random intermittent, or “non-rate-dependent,” aberrancy

Simple Prolongation of the Refractory
Period with Rate-Dependent Aberrancy

In Figure 3—4, you saw a simple example of rate-dependent bundle-branch block. The same
phenomenon can produce any of the other conduction defects listed previously. Thus, you
may see rate-dependent fascicular blocks or rate-dependent intraventricular conduction
delay (Fig. 6—1). The logic remains clear: There is normal conduction up to a certain rate,
and the aberrant conduction appears at any higher rate.

Simple prolongation of refractory period can produce regular ratios of conduction, like
the 2:1 or 3:1 bundle-branch block illustrated in Figures 5-7, 5-8, and 5-9.The concept
remains the same: The refractory period is so prolonged that the structure can conduct only

every other beat or every third beat.

Ashman Aberrancy

There’s another common form of aberrancy, called Ashman aberrancy after the man who

described it.
To understand Ashman aberrancy, you have to understand three simple facts:

1. The refractory period of the tissues of the heart depends on the rate.The
slower the rate, the longer the refractory period after each beat. As the rate
speeds, the refractory period shortens {Fig. 8-2). (if you think about it, it has
to, or the heart couldn’t speed up very much.) . _ '
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2. 'tl':e rtgffrqctory per_iod of the heart is set one beat at a time. In other words
be: tre; ;Zc:z:y tE)er;odh:aft(eir afny beat depends on the distance between that’
eat eat ahead of it; the “rate,” as far as any given beat i

. . B - . . tL - s co“-

E‘::r‘::fi’ |_sbthe dlst'fmce frpm th_e beat ahead of it. Therefore, if the distance

_ between beats varies, t_he way it does in atrial fibrillation and other arrhyth-
mias, the refractory _penod will -also change from beat to heat.

3. This changing refractory period sets up conditions for
Look at the bottom strip of Figure 6-2. Start with a Ion‘;s:-r;ai:t:l:\?;:a;ﬁiv.
means that there will be a long refractory period after the second beat c;f ths
pair. Now suppose the next beat comes early—there’s a short R-R interva?
after_ along one.'I:he early beat will hit the refractory period set by the long
R-R interval. Obviously, it will be blocked or aberrantly conducted. Thus

when you see a short R-R interval followi
ronduction (e ey ing a long one, look for aberrant

When there’s a run of rapid beats, as there is in a paroxysmal supraventricular tachycard;
the second beat in the run is the one that’s likely to show Ashman aberrancy {)ec‘mszcc::f' tlm,
long R-R/short R-R relationship. The short R-R then “pulls in” the refiactor l CI“iOd lz
beats from then on are normally conducted. This is the “second beat in the rut):”p ! e
nou, typical of Ashman aberrancy (Fig, 6—4). preome:

R R R R R
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The slower the heart rate, the longer

lhe refractory perfod in the conducting
tissues

As the heart rate speeds, the
refractory period shortens

L1 -' |

The Ashman phenomenon is the result of this
rate-related change in the refraclory period; when a
short R-R follows a long R-R, the third beat
encounters the refractory pariod set by the i
precedin
long R-R and will be aberrantly conducted ¢

45

Figure 6-1,

Lead Il. Rate-dependent
intraventricular block—left
anterior hemiblock.
Througheut most of the
tracing, the QRS
complexes are 0.11
second wide and show a
ledt axis of approximatety
—45 degrees. At the right-
hand end of each strip,
there is a pause after a
premature atrial beat; after
the pause, a narrow QRS
is apparent (0.08 second)
with a normal axis. This is
an obvious case of rate-
dependent block in the
fascicular system.

Figure 6-2.
The mechanism of the
Ashman phenomenon.




Figure 6-3.

Ashman aberrancy in
premature atrial beats. The
premature beat provides
the short R-R interval,
which sets up the classic
Ashman relationship.

Figure 6-4.
Ashman aberrancy during
paroxysims of atrial
tachycardia. Each time
there's a wide aberrant
ORS, it comes when a
short R-R interval follows a
much longer one. The fwo
arrowheads point to the
third and fourth beats in a
run of atrial tachycardia.
Note that whereas the
second beat in the run
shows Ashman aberrancy,
the subsequent beats have
normalized because the
continuing short R-R
intervals have “pulled in”
the refractory period.

Figure 6-5.
Diagnosing ventricular
ectopic beats by excluding
any basis for aberrancy. You
can't make out any Ashman
relationship with the wide
peats—in fact, they usually
follow a long R-R intarval
instead of a short one. You
can't invoke rate-dependent
aberrancy either hecause
the wide beats come ata
much slower rate than
many of the narrow beats.
The wide beats therefore
must be ventricular.
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One of the common settings for Ashman aberrancy, of course, is atrial fibrlnllat;gn[,flicliltl::
ter with varying atrioventricular (AV) conduction, becaulse there are cha}?gltlg .iH nter-
vals with every beat. This helps with the problem of wide b.eats- appe}:;l ing 1:111 gﬁal_ e
arrhythmia. Are they aberrantly conducted beats from the atria or a.re, t eyAv‘i:n ¢ ratig -
mature contractions (VPCs)? If the wide beats appear when there's no Ashma

i have to be VPCs (Fig. 6-5). . .
exp‘,]\;::aﬂm\};ll;;l: iz)u see wide beats ((hu%ng atrial fibrillation or flutter Wl‘th, varym;g AV [C{O_l;{
duction, look at the R-R interval of the two beats ahea‘d of them. If t.lTele sTI;ot al ong e
interval ahead of the wide beats, you can’t call the wide beats aberrant. They have

VPCs.

Delayed Ashman Reset

If a tachycardia is very fast compared with the basic rate, it may take several secondls: fortla.ll
s ( '] i rten it. For this

parts of the conducting system to reset the refractory pcno.d—‘—that is, to SllOltf;l‘l Ttl or ”

reasoft, you may see wide beats ina sustained run at the beginning of a tachycardia; then

row béﬂts appear at exactly the same rate. The fact that all the beats appear at the same rate

i 1e-
means they’re all coming from the same place, of course. It's simply the Ashman phenon

reci i urs has never been explined. It may
non prolonged for a few seconds. Precisely why this occ
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be because some parts of the ventricular conducting network aren’t penetrated for the first
few beats, and hence their refractory period isn't shortened (Figs. 6-6 and 6-7).

It’s important to be aware of the possibility of delayed Ashman reset because it can pro-
duce wide-beat tachycardias that look exactly like ventricular tachycardia. Look for the nor-
malized QRS complexes that appear at the same rate!

Special note: Rate-dependent aberrancy will produce a left bundle-branch configuration

about 8 times out of 10. Ashman aberrancy will produce a right bundle~branch pattern
about 8 times out of 10,

Phase 4, or Bradycardia-Dependent, Aberrancy

The idea of aberrancy that occurs because the impulse is coming too fast is simple. You can
also see aberrancy when impulses come too slowly. Here’s how it works:

Think of a conducting cell as an archer. Between beats, the bow is bent with the arrow
drawn clear back. The cell is charged with negative energy, ready to release it. The energy is
about —90 millivolts. Tt’s potential energy, just like the bent bow. When the cell is activated,
the energy is released, exactly like an arrow taking flight. The energy level in the cell goes
down from —90 to about +10. After discharge, the cell is quiescent, passive—just like a bow
after a shot. There’s no potential energy. Then the cell recharges itself, like the archer drawing
the bow for the next shot. It will recharge itself to about —90 millivolts.

Suppose our archer had to wait too long for the next shot. His arm gets tired, and he lets
the bow go down to the half-drawn position. If he shoots from that position, it’s going to be
weak. The same thing can happen in conducting cells. Under certain conditions, when there’
a long time between beats, the cells “leak” their charge, maybe to —50 millivolts. If they’re stim-
ulated at that low level of energy, they will fire weakly or maybe not at all.

The phase of cell activation between beats is called phase 4; that’s when the cell should be
at full charge, ready to fire. If the cells leak their charge during that period, it’s called phase 4
depolarization orx bradycardia-dependent aberrancy. Figures 6—8 and 6-9 are examples of this
interesting and sometimes baffling phenomenon.

Random Intermittent, or
“Non-Rate-Dependent,” Aberrancy

This is the rarest form of aberrant conduction. In Figures 6-10 and 6—11, you see a bundle-
branch pattern that appears and disappears at exactly the same rate as the normal beats.
There’s no Ashman phenomenon, no phase 4 mechanism, no rate change at all. The bundle-
branch block simply appears and disappears in random fashion, This will always be the resuit
of some intermittent acute change in the conducting tissues as a result of drug effect, elec-
trolyte intoxication, or ischemia. When this type of random conduction defect appears, one
should always check for a possible cause because it implies a changing, unstable condition in
the conducting tissues.

47

Figure 6-6.
Delayed Ashman reset.
The strip starts with a
sinus rhythim with a rate of
about 90. A
supraventricular
tachycardia with a rate of
187 appears. The first
seven beats are wide
{arrowheads), after which
the tachycardia continues
with narrow complexes at
exactly the same rate. This
is the same Ashman
phenomenon except that
it's delayed. When the rate
is rapid, it often takes
several seconds for the
refractory period to
“reset” to normal in all
parts of the conducting
system. If you saw only
the first seven beats, it
would be easy to confuse
this with ventricular
tachycardia. The fact that
the narrow complexes
continue to appear at
exactly the same rate as
the wide ones tells you
they must all be coming
from the same place:
they're supraventricular.
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j {100). Note the interesting il e B T Y : it gl H d i T T AR o - T ;
|1 progressicn from i i e R AL T ERTHEIT i
(i complote to “incomplete” . : S i = ; e T : L
] right bundle-branch block e ' ] 2], Mt B a el i f\‘ e L A L Tl HEL 15
. for one beat in the l i el E gt/ 12 B ULV N !

: transition to normal : ! T i H i
o intraventricular conduction. : 2iE ] ;

J i s M

H It 1

: i e e T !

| ; _'_f"‘ 5 F JLLLEL '-'_-Lr, 15 JE( __;__‘_u'\..; 14 \

: AR DR e L TR B T e e

Il i ] SEREN -y byl ua el § Bh N REER N X T - TEERE -] ﬂ<', 7]

"‘ f HH{IT = s s | itttz s Figure SAI-1,
' 1. The patient came to the emergency room with an obvious anterior MI, He received
g

thrombolytic therapy, and shortly thereafter this rhythm appeared.
a. Diagnosis of wide-beat rhythm?

b. Diagnosis of arthythmia in the second strip?

c. Is AV block present?

d. Treatment?
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i I el bl alik : iaibitd Figure SAI-2,
2. Wide-beat tachycardia.
a. Where does it originate? How do you know?
i
: ] 1 ] i [ 1- T
| 4 :' o
3 Ll : it T M
R : L PRI R M8 i : :
: EL TR HHHE 11 AL ML il Figure SAI-3.
. ) o 3. Narrow-beat bradycardia.
o [ a. Where does it originate?
1. 1. .. b. Why?
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Flgure SAl4. 4. What are the diagnostic posmb:lmes here?
a. Can you distinguish between them?
b. How will you treat this arrhythimia?
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Figure SAI-5. Jf [

5. Wide-beat tachycardia with two differing morphologies, lead V1,
a. Diagnosis of arrhythmia?

b. How proved? t
¢. This all appeared in the setting of an acute Ml in a patient wi

ECG, Significance? Prognosis?

h a previously normal
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Flgure SAl-6. 6. Thls 1hythm appeared in a critically ill postoperative patient, (CSP refers to “carotid sinus pressure.”)
a. 'What’s happening and why?
b. Possible effect on hemodynamics?

0 e
fait] i i
I - i
= i 1 I fy: ' 2
b i P v\ AR i Yier
i i i 1 i I i
3 5 j555 i T ) B
ifliuag ‘E aailHi A filllARI
/ N i g i i
k Ef Eax |LL i [— 7'_ :-
'/3,. N :‘!-u § “l \L LY F ’, F r.!'h : LA ‘;fu i 'l", ??4!
HHIH 7:{' T s :: f: !L .
Y T { : i Figure SAl-7,
7. Wide beats, narrow beats, and intermediate beats.
a. Diagnosis? Proof?
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Figure SAI-8, 8. Wide beats and narrow beats.
a. What are the wide beats?
b. What's their pathophysiologic basis?
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. 9. Wide beats and narrow beats. i
. a. What arc they, and why are they happening? : Hlstiii T e £ ] i liGschipei=se
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. 10. Wide beats, narrow beats, and abrupt pauses. i .
’ ’ . 13. “ibs 1 Fi -
iy a. Why the variation in QRS width? 3 1A 5]“315‘ B, Bo?th strips represent the same arrhythmia, gure SAI-13.
b. Why the abrupt pauses? b Cii';?Sls'
-~ ' c¢. Treatment?
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