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Before deciding to write this book, we examined 
many of the multitude of books on electrocardio-
graphy to determine whether there was a need for 
a new book with a diff erent approach focusing on 
graphics.  In our experience the success of our “step 
by step” books on cardiac pacemakers and implanted 
cardioverter-defi brillators was largely due to the 
extensive use of graphics according to feedback we 
received from many readers. Consequently in this 
book we used the same approach with the liberal use 
of graphics. Th is format distinguishes the book from 
all the other publications. In this way, the book can 
be considered as a companion to our previous “step 
by step” books. Th e publisher off ers a large num-
ber of PowerPoint slides obtainable on the Internet. 

Based on a number of suggestions an accompa-
nying set of test ECG tracings is also provided on
the Internet.  We are confi dent that our diff erent
approach to the teaching of electrocardiography will
facilitate understanding by the student and help the
teacher, the latter by using the richly illustrated work.

Th e authors would also like to thank Garant Pub-
lishers, Antwerp, Belgium /Apeldoorn, Th e Neth-
erlands for authorizing the use of fi gures from the
Dutch ECG book, ECG: Uit of in het Hoofd, 2006
edition, by E. Andries, R. Stroobandt, N. De Cock,
F. Sinnaeve and F. Verdonck,

Roland X. Stroobandt
S. Serge Barold

Alfons F. Sinnaeve

Preface
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Chapter 1

* What is an ECG? 
* Blood circulation – the heart in action 
* The conduction system of the heart 
* Myocardial electrophysiology 

° About cardiac cells

° Depolarization of a myocardial fiber

° Distribution of current in myocardium
* Recording a voltage by external electrodes 
* The resultant heart vector during ventricular depolarization
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WHAT IS AN ECG?
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The ECG provides information on:

* the heart rate or cardiac rhythm
* position of the heart inside the body
* the thickness of the heart muscle or dilatation of heart cavities 
*  origin and propagation of the electrical activity and its possible 

aberrations 
*  cardiac rhythm disorders due to congenital anomalies of  

the heart 
* injuries due to insufficient blood supply (ischemia, infarction, ...) 
*  malfunction of the heart due to electrolyte disturbances or drugs 

History
The Dutch physiologist Willem Einthoven was one of the pioneers of electrocardiography and 
developer of the first useful string galvonometer. He labelled the various parts of the electro-
cardiogram using P, Q, R, S and T in a classic article published in 1903. Professor Einthoven 
received the Nobel prize for medicine in 1924. 

The electrocardiogram (ECG) is the recording of 
the electrical activity generated during and after 
activation of the various parts of the heart. It is 
detected by electrodes attached to the skin.
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the heart is a muscle consisting of four hollow chambers. It is a double 
pump: the left part works at a higher pressure, while the right part works on 
a lower pressure. 

the right heart pumps blood into the pulmonary circulation (i.e. the lungs). 
the left heart drives blood through the systemic circulation (i.e. the rest of 
the body). 

the right atrium (ra) receives deoxygenated blood from the body via two 
large veins, the superior and the inferior vena cava, and from the heart itself 
by way of the coronary sinus. the blood is transferred to the right ventricle 
(rV) via the tricuspid valve (tV). the right ventricle then pumps the deoxy- 
genated blood via the pulmonary valve (pV) to the lungs where it releases 
excess carbon dioxide and picks up new oxygen. 

the left atrium (La) accepts the newly oxygenated blood from the lungs via 
the pulmonary veins and delivers it to the left ventricle (LV) through the mitral 
valve (MV). the oxygenated blood is pumped by the left ventricle through the 
aortic valve (aoV) into the aorta (ao), the largest artery in the body. 

the blood flowing into the aorta is further distributed throughout the body 
where it releases oxygen to the cells and collects carbon dioxide from them.

The cardiac cycle consists of two primary phases: 
   1. VENTRICULAR DIASTOLE is a period of myocardial relaxation 

when the ventricles are filled with blood.
   2. VENTRICULAR SYSTOLE is the period of contraction when the 

blood is forced out of the ventricles into the arterial tree.

At rest, this cycle is normally repeated at a rate of approximately 
70–75 times/minute and slower during sleep.
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THE CONDUCTION SYSTEM OF THE HEART
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the contractions of the various parts of the heart have to be 
carefully synchronized. It is the prime function of the electrical 
conduction system to ensure this synchronization. the atria 
should contract first to fill the ventricles before the ventricles 
pump the blood in the circulation. 

1.  the excitation starts in the sinus node consisting of special 
pacemaker cells. the electrical impulses spread over the right 
and left atria. 

2.  the aV node is normally the only electrical connection between 
the atria and the ventricles. the impulses slow down as they 
travel through the aV node to reach the bundle of his. 

3.  the bundle of his, the distal part of the aV junction, conducts 
the impulses rapidly to the bundle branches. 

4.  the fast conducting right and left bundle branches subdivide 
into smaller and smaller branches, the smallest ones connec- 
ting to the purkinje fibers. 

5.  the purkinje fibers spread out all over the ventricles beneath 
the endocardium and they bring the electrical impulses very 
fast to the myocardial cells. 

all in all it takes the electrical impulses less than 200 ms to travel 
from the sinus node to the myocardial cells in the ventricles. 
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ABOUT CARDIAC CELLS 1
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Cardiac muscle cells are more or less cylindrical. at their ends they may 
partially divide into two or more branches, connecting with the branches 
of adjacent cells and forming an anastomosing network of cells called a 
syncytium. at the interconnections between cells there are specialized 
membranes (intercalated disks) with a very low electrical resistance.  
these “gap-junctions” allow a very rapid conduction from one cell to 
another. 

In the resting state, a high concentration of positively charged sodium ions (Na+) 
is present outside the cell while a high concentration of positive potassium ions 
(K+) and a mixture of the large negatively charged ions (PO4

---, SO4
--, Prot--) are 

found inside the cell. 

- - - - -

All cardiac cells are enclosed in a semipermeable membrane 
which allows certain charged chemical particles to flow in and 
out of the cells through very specific channels. These charged 
particles are ions (positive if they have lost one or more elec-
trons, such as sodium Na+, potassium K+ or calcium Ca++ and 
negative if they have a surplus of an electron, e.g. Cl-).

The ion channels are very selective. Larger ions such as 
phos-phate ions (PO4   ), sulfate ions (SO4 ) and protein ions 
are unable to pass through the channels and stay in the inside 
making the inside of the cell negative. A voltmeter between an 
intracellular and an extracellular electrode will indicate a 
potential difference. This voltage is called the resting mem-
brane potential (normally about –90 millivolts).  

There is a continuous leakage of the small ions decreasing the resting membrane 
potential. Consequently other processes have to restore the phenomenon. The 
Na+/K+ pump, located in the cell membrane, maintains the negative resting 
potential inside the cell by bringing K+ into the cell while taking Na+ out of the 
cell. This process requires energy and therefore it uses adenosine triphosphate 
(ATP). The pump can be blocked by digitalis. If the Na+/K+ pump is inhibited, 
Na+ ions are still removed from the inside by the Na+/Ca++exchange process. 
This process increases the intracellular Ca++ and ameliorates the contractility 
of the muscle cells.
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An external negative electric impulse that converts the outside of 
a myocardial cell from positive to negative, makes the membrane 
permeable to Na+. The influx of Na+ ions makes the inside of the cellless 
negative. When the membrane voltage reaches a certain value(called 
the threshold), some fast sodium channels in the membraneopen 
momentarily, resulting in a sudden larger influx of Na+.Consequently, a 
part of the cell depolarizes, i.e. its exterior becomesnegative with respect 
to its interior that becomes positive.Due to the difference in concentration 
of the Na+ ions, a local ioniccurrent arises between the depolarized part 
of the cell and its stillresting part. These local electric currents give rise 
to a depolarizationfront that moves on until the whole cell becomes 
depolarized.

The cells of the sinus node and the AV junction do not have fast 
sodium channels. Instead they have slow calcium channels and 
potassium channels that open when the membrane potential is 
depolarized to about −50 mV.

As soon as the depolarization starts, K+ ions flow out from the cell 
trying to restore the initial resting potential. In the meantime, some 
Ca++ ions flow inwards through slow calcium channels. At first, these 
ion movements and the decreasing Na+ influx nearly balance each 
other resulting in a slowly varying membrane potential. Next the Ca++ 
channels are inhibited as are the Na+ channels while the open K+ 
channels together with the Na+/K+ pump repolarize the cell. Again local 
currents are generated and a repolarization front propagates until the 
whole cell is repolarized.

The action potential depicts the changes of the mem-
brane potential during the depolarization and the sub-
sequent repolarization of the cell. The intracellular 
environment is negative at rest (resting potential) and 
becomes positive with respect to the outside when the 
cell is activated and depolarized.
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ABOUT CARDIAC CELLS 3
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Secondary pacemakers provide a backup if the activity of the SAN fails

Common myocardial cells only depolarize if they are triggered by an 
external event or by adjacent cells.
However, cells within the sinoatrial node (SAN) exhibit a completely 
different behavior. During the diastolic phase (phase 4 of their action 
potential) a spontaneous depolarization takes place.

The funny current If is most prominently expressed in the sinoatrial node (SAN),
making this node the natural pacemaker of the heart that determines the rhythm
of the heart beat. Hence If is sometimes called the “pacemaker current”.

The major determinant for the diastolic depolarization is the so-called “funny current” If. 
This particularly unusual current consists of an influx of a mix of sodium and potassium 
ions that makes the inside of the cells more positive.

When the action potential reaches a threshold potential (about −50/−40mV), a faster 
depolarization by the Ca++ ions starts the systolic phase. As soon as the action potential 
becomes positive, some potassium channels open and the resulting outflux of K+ ions 
repolarizes the cells. The moment the repolarization reaches its most negative potential 
(−60/−70mV), the funny current starts again and the whole cycle starts all over.

Spontaneous depolarization may be modulated by changing the slope of the spontaneous 
depolarization (mostly by influencing the If channels). The slope is controlled by the autonomic 
nervous system.

Increase in sympathetic activity and administration of catecholamines (epinephrine, 
norepinephrine, dopamine) increases the slope of the phase 4 depolarization. This results 
in a higher firing rate of the pacemaker cells and a shorter cardiac cycle. Administration of 
certain drugs decreases the slope of the phase 4 depolarization, reducing the firing rate and 
lengthening the cardiac cycle.

Spontaneous depolarization is not only present in the sinoatrial node (SAN) but, to a lesser 
extent, also in the other parts of the conduction system. The intrinsic pacemaker activity of the 
secondary pacemakers situated in the atrioventricular junction and the His-Purkinje system is 
normally quiescent by a mechanism termed overdrive suppression. If the sinus node (SAN) 
becomes depressed, or its action potentials fail to reach secondary pace-makers, a slower 
rhythm takes over.

Overdrive suppression occurs when cells with a higher intrinsic rate (e.g. the dominant pace-
maker) continually depolarize or overdrive potential automatic foci with a lower intrinsic rate 
thereby suppressing their emergence.

Should the highest pacemaking center fail, a lower automatic focus previously inactive 
because of overdrive suppression emerges or “escapes” from the next highest level.
The new site becomes the dominant pacemaker at its inherent rate and in turn suppresses all 
automatic foci below it.
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DEPOLARIZATION OF A MYOCARDIAL FIBER
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A depolarization front can propagate through the fibers of the heart muscle in the 
same way as the depolarization front moves through a single cylindrical cell. Local 
ionic currents between active cells and resting cells depolarize the resting cells 
and activate them. 

Due to the intercalated disks with their gap junctions, a depolarizing electrical 
impulse spreads out rapidly in all directions. However, the gap junctions with 
their very low electrical resistance are only present at the short ends of the 
myocardial cells. Hence, depolarization propagates very fast in the longitudinal 
direction of the fibers and less fast in the transversal direction.

Very rapid conduction of electrical impulses from one cell to another 
is due to “gap junctions” with a low electrical resistance between the 
cylindrical cells.

Cardiac cells partially divide at their ends, forming an anastomosing 
network or “syncytium” causing fast depolarization of the whole myo-
cardium.
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the voltmeter shows a positive deflection if the voltage vector points 
towards its positive pole ! 
a very small current flows through the voltmeter from its positive pole 
to its negative pole. the internal resistance of the voltmeter has to be 
extremely high since the small current may not influence the condition 
of the source, i.e this weak current may not affect the distribution of the 
ions around the cell.

Due to the high degree of electrical interaction between the branched 
cells, many cells are depolarizing simultaneously in different regions 
of the ventricles during the ventricular activation process. the voltage 
vectors of these many cells may be combined into one resultant vector. 
When a depolarization front or a repolarization front moves rapidly 
through a region of the heart it generates a voltage vector and a tiny 
electrical current flows through the body (which is a good conductor). 
the eCG recorder acts in the same way as a voltmeter and when the 
voltage vector points to its positive connector, the eCG registers a 
positive (+) deflection.

A voltage is always measured 
between TWO electrodes.

A potential difference or voltage is only caused 
by a propagating front (either depolarization or 
repolarization). A resting cell or a depolarized 
cell does not give rise to a de�ection of the 
voltmeter.
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Ventricular activation consists of a series of  
sequential activation fronts. at each particular  
time, the vectors of these activation fronts may be  
combined to form one resultant vector. the  
resultant vector changes continually as the  
ventricles are being progressively depolarized.  
however, at each point in time the multiple  
activation fronts can be represented by a single  
resultant vector.

the point of the resultant heart vector traces a closed loop in space.  
the projection of this path is the vectorcardiogram.
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THE RESULTANT HEART VECTOR IS NOT CONSTANT
          * its direction in space changes continuously
          * its magnitude changes all the time       
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Chapter 2

eCG reCOrDING  
aND  

eCG LeaDS

* The ECG machine or electrocardiograph
* The ECG grid
* Time interval versus rate
* Registration of an ECG
* Standard leads according to Einthoven
* Wilson central terminal
* Augmented limb leads according to Goldberger
* The precordial leads after Wilson
* How to locate the 4th right and left intercostal spaces
* The 12 leads put together
* Understanding the hexaxial diagram and its importance
* Common errors in recording the ECG from precordial leads
* Lead reversals in frontal plane
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*  A safety grounding prevents electrocution if a fault occurs in the power 

supply of some ECG machines (class I). This protective wire is normally 
incorporated in the mains cable. ECG machines with double insulation 
(class II) do not need such connection. Of course, ECG machines working 
on a battery and without a connection to the mains are not equipped with  
a safety ground connection.

*  Pre-amplifiers enhance the small signals picked up by the electrodes on 
the patient. They also provide filters avoiding non-cardiac signals from 
disturbing the ECG. An AC-filter counteracts 50 or 60 Hz interference (EMI) 
and another filter cuts down the influence of myopotentials from 
musculoskeletal sources.

*  Contemporary ECG machines may contain an embedded microprocessor 
(computer) that not only controls the proper functioning of the equipment, 
but also provides an ECG diagnosis.

*  A feed-back circuit combines all spurious signals (noise) of the limb leads 
and is coupled to the right leg. This eliminates most of the unwanted noise 
and provides a thin baseline so that small details of the ECG can be 
observed.

*  The power amplifier delivers the necessary power for the movement of the 
mechanical parts in the recorder or printer which delivers a document on 
paper. 

1908

Cambridge Medical Instruments (London)

still a long way to go...
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THE ECG GRID PAPER

electrode

electrode

–      +

amplifier

25 mm = 1 sec

10 mm
= 1 mV

5 mm = 200 ms

5 mm = 
0,5 mV

1 mm = 40 ms

1 mm = 
0,1 mV

Calibration

Baseline

14 mm10 mm
= 1 mV

Calibration : 10 mm for 1 mV
Height of deflection : 14 mm or 1.4 mV

Baseline

7 mm

10 mm
= 1 mV

Calibration : 10 mm for 1 mV
Depth of deflection : 7 mm or 0.7 mV

MEASURING MAGNITUDES
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(mV)

Time is measured horizontally in s or ms
Magnitude is measured vertically in mV

time
(ms)

* Conventionally the sensitivity of the ECG machine is ad-
  justed (i.e. calibrated) so that a 1 millivolt (1 mV) electrical 
  signal produces a 10 mm deflection on the ECG (i.e. two 
  large squares).
* The standard paper speed is 25 mm per second (i.e. 1 s or 
  1000 ms corresponds to five large squares)

Baseline BaselineBaseline

positive
deflection

negative
deflection

Note:
*  If the QRS complexes are too small (low voltage) or too large (tall voltage) 

the voltage calibration can be doubled or halved accordingly by flipping a 
switch in the ECG machine.

*  The same grid is used in ECG monitoring where the electrical activity of  
the heart is shown on a display such as on a laptop (or formerly on a 
cathode-ray tube such as used in older oscilloscopes).

There is no absolute or fixed zero voltage. All measurements of voltages
on ECG are relative to the baseline or isoelectric line.

Upward deflections on an ECG (above the baseline) are called positive.
Downward deflections (under the baseline) are called negative.
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TIME INTERVAL VS RATE

interval interval

Sta
rt

30
0

15
0

10
0 75 60 50

bpm

200 ms
400 ms

600 ms

800 ms

1000 ms

1200 ms

5 mm

5 mm

1 mm

Large square = 5 mm = 0.2 s = 200 ms

Small square = 1 mm = 0.04 s = 40 ms
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For a rapid determination of the rate,  
memorize the numbers  

300 - 150 - 100 - 75 - 60 - 50

No calculation needed for a quick estimation of the rate, just  
count the number of squares between two consecutive R waves !

* The intervals are normally expressed in milliseconds (ms).

* The heart rate or frequency of the heart is expressed in 
   beats per minute (bpm).

* There are 1000 ms in one second and 60 seconds in a minute.
* Hence :

Heart Rate (in bpm) =
60,000

RR-interval (in ms)

For a rapid determination of the rate, 
memorize the numbers

 300 - 150 - 100 - 75 - 60 - 50

Heart rate (bpm)  =

Heart rate (bpm)  =

300

1500

Number of large squares

Number of small squares

or with more accuracy
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Numbers to remember !

150
bpm

100
bpm

75
bpm

60
bpm

50
bpm

RR interval 

4 large squares

RR interval 

3 large squares

RR interval 

2 large squares

RR interval 
= 200 ms 

1 large square

RR interval 

5 large squares

RR interval 
= 1200 ms

= 1000 ms

= 800 ms

= 600 ms

= 400 ms

6 large squares

RATE INTERVAL

300
bpm

TIME INTERVAL VS RATE – EXAMPLES

R

R R

R

R R

R R

R R

QS QS



29Methods for determining the heart rate during regular rhythm
 1.  Cardiac ruler method

Place the beginning point of a cardiac ruler over an R wave. Look at the 
number on which the next R wave falls and read the heart rate.

2. The 300 method
Count the number of large squares (5 mm boxes) between 2 consecutive R  
waves and divide 300 by that number.

3. The 1500 method
Count the number of small squares (1 mm boxes) between 2 consecutive R 
waves and divide 1500 by that number.

4. The 6 seconds method
Obtain a 6 s tracing (30 large squares) and count the number of R waves that 
appear in that 6 s period and multiply by 10 to obtain the heart rate in bpm.

*  A 6 s strip is selected between the two blue arrows
*  Number of QRS complexes in 6 s is 13
*  Mean heart rate is 13 x 10 = 130 bpm

3040

25 mm/sec
50607080100150200

300 175 120 90 75 65 55 45 35

R R

Methods for determining the heart rate during irregular rhythm
When the heart rate is irregular (e.g. atrial fibrillation), a longer interval should be 
measured to provide a more precise rate. “1 second time lines” may be used to 
measure longer intervals. If no “1 s time lines” are marked on the ECG paper, they 
can be created by counting 5 large squares (5 x 0.2 s = 1 s).

1. The 6 seconds method
Heart rate = number of QRS complexes in 6 s multiplied by 10

2. The 3 seconds method
Heart rate = number of QRS complexes in 3 s multiplied by 20

Example of the 6 s rule during irregular rhythm



30
REGISTRATION OF AN ECG

lead
axis

electrode 1electrode 2

ECG machine

positive pole

negative pole

horizontal or
transverse

plane
Superior

Anterior
frontal
plane

sagittal
plane

Left

Inferior

Poste
rio

r

Anterior

Right

x-axis

z-axis

y-axis
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The lead axis of a lead can theoretically be orientated in any direction 
or plane relative to the heart. Obviously, this will depend upon 
electrode placement.

Conventionally, however, there are 12 leads which may be divided 
into two groups on the basis of their orientation. One group is 
orientated in the frontal plane of the body, the other in the horizontal 
plane.

In the frontal plane we have:
    * 3 standard leads according to Einthoven
    * 3 augmented leads according to Goldberger
In the transverse plane are situated:
    * 6 precordial leads according to Wilson

An ECG is the registration of the projection of 
the resultant heart vector upon the lead axis. 
A lead axis is the hypothetical line joining the 
two electrodes or poles of that particular 
lead.



32 STANDARD LEADS ACCORDING TO EINTHOVEN

LARA

RA

LEAD I LEAD II

LEAD III

LL

RA

LL

LA

LA
I

II III

RA = right arm
LA = left arm
LL = left leg

lead
axis I

lead
axis II

lead
axis III

LL

Einthoven’s
equilateral
triangle

I

II

III

7
mm

5
mm

12
mm

I + III = II  or  7 mm + 5 mm = 12 mm
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The standard leads are :
*  Bipolar leads since the measurement occurs between two electrodes  

(+ and −) attached to the body

*  Limb leads or extremity leads since the electrodes are connected to  
the extremities

Note : Arms and legs are good electrical conductors, hence the position of the 
electrodes (hand or shoulder, foot or hip) is not critical.

The positive electrodes (+) of the standard limb leads are electrically at about the 
same distance from a theoretical zero reference in the heart. Hence, the lead axes 
form an equilateral triangle with the heart and its zero reference in the center. This 
triangle is called Einthoven’s triangle. (Although in reality it is not exactly 
equilateral, but it is a good approximation.)

lead I + lead III – lead II = 0

lead I + lead III = lead IIor :

Einthoven’s law
If :   VLA is the potential at the left arm (LA) 

VRA is the potential at the right arm (RA) 
VLL is the potential at the left leg (LL)

then the potential difference or voltage in the frontal leads is given by :  
   Lead I = VLA − VRA 
   Lead II = VLL − VRA 
   Lead III = VLL − VLA

It follows that (VLA − VRA) + (VLL − VLA) = (VLL − VRA)

This equation can also be written as :

which is the well-known form of Einthoven’s law!

The relationship between the standard limb leads is such that the 
sum of the electric voltages recorded in leads I and III equals the 
electric voltage recorded by lead II.
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WILSON CENTRAL TERMINAL

RA

WILSON
BOX

LA

LL Reference
potential

amplifier of
electrocardiograph

P

exploring
electrode

VCT

Equipotential
points
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Wilson connected the three standard limb leads through 
equal-valued resistors to a common point. The potential  

  at this point is the average of the potentials at each limb 
electrode and is used as a reference potential. 

The hypothetical electrical center of the heart, having about the same
potential as the reference point in the central terminal (VCT), is located

somewhere left of the interventricular septum and below the AV junction.

V    CT =
V    + V    + VRA LA LL

3

 
This reference is known as the 

(VCT) central terminal potential 
and is used by physicians as  

.zero equivalent

By linking the three limbs RA, LA and LL through large equal resistors a relatively 
stable reference potential VCT is created. Although it is technically incorrect to label 
VCT as the zero potential it may be considered as such because the electrocardio-
graph only registers variations of voltages and suppresses constant (or DC) voltages.

Since the potential of the central terminal is essentially constant, the potential 
difference or voltage recorded by the electrocardiograph only reflects the potential 
variations at the exploring electrode - hence the term “unipolar lead”.
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RA

LEAD aVR

LEAD aVF

LL

LA

LARA

LL

to ECG recording
circuitry

to ECG recording
circuitry

reference in 
ECG machine

reference in 
ECG machine

LA

LEAD aVL

RA

LL

to ECG recording
circuitry

reference in 
ECG machine

AUGMENTED LIMB LEADS 
ACCORDING TO GOLDBERGER

RA LA

LL

aVR aVL

aV
F

lead
axis 
aVF

lead
axis 
aVL

lead
axis 
aVR

or :  aVL + aVF = –aVR
aVL

aVF

aVR

-8 mm

+2 mm

+6 mm
6 mm + 2 mm  =  – (–8) mm = 8 mm

aVR + aVL + aVF = 0

This law is very useful to detect 
lead misplacement !



37With the Wilson box as a reference potential, additional lead axes were 
created using one of the three limb electrodes (i.e. RA, LA and LL) as an 
exploring electrode.
By using only two resistors and omitting the connection between the exploring 
electrode and the reference point, Dr. Goldberger obtained an amplitude of 
the deflecton that was 50% larger.
Therefore these leads are called “augmented” hence the letter “a” is applied 
to the VR, VL and VF leads (aVR, aVL, aVF).

The augmented leads are:
*  Limb leads because the exploring electrode (+ pole of the ECG  

 machine) is connected to a leg or an arm.
*  Unipolar leads since only one exploring electrode is used  

 and the negative pole of the ECG machine is connected to the  
 reference point.

*  Frontal plane leads like leads I, II and III.

The lead axis for any particular augmented lead is a straight 
line drawn between the reference voltage point at the center 
of the heart and its extremity electrode. 

aVR + aVL + aVF = 0

So if: VLA is the potential at the left arm (LA)
 VRA is the potential at the right arm (RA)
 VLL is the potential at the left leg (LL)

then the voltage of the neutral point for lead aVL is:   
            

For each lead, the potential of the neutral point is the mean of two other 
limb potentials.

and lead aVL becomes   aVL = VLA – Vref  or:
VRA + VLL

2
aVL =  VLA – aVL  =

2
2VLA – VRA – VLL

2

2

2VLA – VRA – VLL

aVR =
2

2VRA – VLA – VLL

2

2VRA – VLA – VLL

aVF =
2

2VLL – VRA – VLA

2

2VLL – VRA – VLA

It can be proven in the same way:

and

Obviously, the sum of the three augmented leads is aVL + aVR + aVF = 0 beacause: 

+ + =

= 02VLA - VRA - VLL + 2VRA - VLA - VLL + 2VLL - VRA - VLA

VRA + VLL
2Vref = 

or



38 THE PRECORDIAL LEADS 
AFTER WILSON

RA

V    CT

WILSON
BOX

Precordial electrode
(exploring electrode)

LA

LL Reference
point

midclavicular
line

anterior
axillary

line

V1

V2
V3 V4 V5

V6

midaxillary
line

V2

V6

V4V3
V5V1

amplifier of
electrocardiograph
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The Wilson leads are: 
*  since the measurement occurs with only one exploringUnipolar leads
or probing electrode (the negative pole of the ECG machine is connected 
to the central terminal; the reference point V     acts as a zero potential).

*  or  leads since the electrodes are placed on Chest leads precordial
   the chest around the heart.

Normal position of precordial electrodes 

V1 Right side of the sternum in the fourth intercostal space
V2 Left side of the sternum in the fourth intercostal space
V3 Midway between V2 and V4
V4 Midclavicular line in the fifth intercostal space
V5 Anterior axillary line at the same level as V4
V6 Midaxillary line at the same level as V4

0° V6

+30° V5

+60° V4
+75°
V3

+90°
V2

+120°
V1

Lead axes in the 
horizontal plane

CT

Anatomically the RV lies anteriorly and medially but the LV lies laterally  and 
posteriorly. Leads V1 and V2 are situated over the RV, leads V3 and V4 face the 
interventricular septum and leads V5 and V6 clearly point towards the free lateral 
wall of the LV. QRS changes emanating from the LV overshadow those from the 
RV in the absence of a conduction delay involving the RV. Therefore, V1 and V2 
reflect the electrical activity of the interventricular septum (pre-dominantly a left-
sided structure), leads V3 and V4 point towards the anterior LV, while leads V5 
and V6 reflect the lateral LV. 
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Start at the
suprasternal

notch

V2V1
V3 V5

V4

midclavicular
line

HOW TO LOCATE THE 4TH RIGHT AND LEFT
INTERCOSTAL SPACES

Sternal angle
or angle of Louis

1st rib

2nd inter-
costal space
(between 2nd 
and 3rd ribs)

4th intercostal
space

Place V1 at the 
very edge of
the sternum 

1

2

3

4

5

6

7

8

9
10
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Locating the 4th intercostal space.
It sounds easy but is not !

It can be difficult to locate the fourth intercostal space. The best 
way is to run your fingers from the suprasternal notch starting at 
the heads of the clavicles down the sternum, until you meet a 
distinct bony horizontal ridge (the sternal angle or angle of Louis). 
It is the anterior angle formed by the junction of the manubrium 
and the body of the sternum. This structure is palpable and easier 
to find in male patients. The second rib is continuous with the ster-
nal angle. With your finger on this sternal ridge, slide to the 
patient’s right and your finger will drop into an intercostal space 
which is the second intercostal space, and then move down to the 
third and then the fourth, where you place V1 at the very edge of 
the sternum.

Lead V2 is placed in the same way on the other side.
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THE 12 LEADS PUT TOGETHER
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The 12-lead ECG provides 12 different views of the electrical 
activity of the heart, each view looking from the outside of 
the chest toward the  reference point within the heart.

The 12-lead ECG provides 12 different views of the electrical 
activity of the heart, each view looking from the outside of 
the chest toward the  reference point within the heart.

WHY DO WE NEED 12 LEADS? 

If you want to check the quality of an apple you have to look  
for weak spots from many directions  !

The same principle applies to the heart !

Lead aVR is directed opposite to that of the other leads and is often 
ignored (“the forgotten 12th lead”).

Lead aVR does not view any single surface of the heart as do other 
lead systems.  Yet, aVR can be very helpful in diagnosing a number 
of different entities. Inverted aVR (or minus aVR) can improve the 
diagnosis of inferior and lateral myocardial infarction.
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Lead I is chosen as the reference direction and (0°). The position of the other  
leads is expressed by the rotation (angle) from this reference. This rotation is  
positive in clockwise direction and negative in the counter-clockwise direction.

I

II III

I

IIIII

I

IIIII

RA LA
electrode electrode

original 
position
of lead I

 axis

theoretical
position
of lead I

 axis

SHIFT

Parallel shift

HEART
VECTOR

original
projection

of the heart
vector

projection
of the heart
vector on

theoretical lead axis

parallel

Only positive directions

The deflection on the ECG for a particular lead is proportional to 
the projection of the resulting heart vector upon that lead axis. The 
projection of the heart vector on a lead axis, and hence the deflec-
tion on the ECG, remains the same when the lead axis is shifted in 
parallel to its original direction. Therefore, all lead axes can be 
thought as going through the electrical center of the heart.
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aVR

aVR

aVL

aVL

I

I

II

II

aV
F

aVF

III

III

0°

30°

60°

90°

120°

150°

+180°
-180°

-150° -30°

-60°

-90°

-120°

 THE LIMB LEADS IN THE FRONTAL PLANE
(HEXAXIAL REFERENCE FIGURE)

EINTHOVEN GOLDBERGER
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Advantages of the hexaxial diagram:
*  Better understanding of the relationships of the various frontal  

plane leads and their recording sites of myocardial electrical activity.  
Leads II, III and aVF reflect the inferior surface of the heart, while  
leads I and aVL reflect the lateral part of the LV.

*  Format for the determination and calculation of the mean frontal  
QRS axis (discussed later).

*  Understanding the importance of minus aVR (−aVR)

Note: Lead minus aVL (−aVL) is not used in recording the standard ECG. It is 
useful in estimating the frontal plane axis and understanding the configuration 
of the QRS complex. Lead minus aVR (−aVR) is available in relatively few elec-
trocardiographs. It may be used to identify a myocardial infarct (see further on).

lead axis aVR

(direction -aVR)

lead axis a
VL

(direction -aVL)

lead axis I

lead axis II

le
ad
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°12
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-90°

-120°

UNDERSTANDING THE HEXAXIAL DIAGRAM
AND ITS IMPORTANCE
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A lead axis is selectable. An axis has only a direction and not a magnitude (or 
amplitude). Therefore axes cannot be vectors and cannot be combined by the 
parallelogram rule.

The leads themselves are real vector quantities having magnitude and direction. 
They may be combined in the classical way.

All frontal leads are orthogonal projections of the heart vector upon their specific 
axes (orthogonal means right angles or 90°). By combining these projections, the 
heart vector can be reconstructed in a continuously changing format. By doing 
so at many consecutive times a loop in the frontal plane is formed (i.e. the vec-
tocardiogram).

Since the direction of all lead axes is known, every two leads may be combined  
by the computer in an ECG machine to find direction and magnitude of the heart  
vector. Consequently, the resulting heart vector can be decomposed to determine  
any other lead in the frontal plane. This gives only a good approximation since the  
human body is not homogeneous and Einthoven’s triangle itself is an approximation.

lead axis I

lead axis IIlead axis III

Just by looking at the hexaxial diagram with all 6 lead axes originating at 
the electrical center of the heart, it is quite clear that all frontal limb leads 
can be considered to function in the same way !
However, it is obvious that they all look at the heart from different direc-
tions. 

lead I

lead III
lead II

electric
center of
the heart

90°

90°

90°

heart vector



48

COMMON ERRORS IN RECORDING 
THE ECG FROM PRECORDIAL LEADS

The precordial electrodes require careful positioning by palpating
the bony structures of the chest. Common errors in placement of
a chest electrode include: 
1. Placing an electrode directly on a rib, rather than on an inter-
    costal space.
2. Placing it on the wrong intercostal space.
3. Placing V1 or V2 directly on the sternum.
4. Placing V1 to the left of the sternum.
5. The right precordial electrodes V1 and V2 are often too high 
    and too far apart.
6. The left precordial electrodes V4 to V6 are commonly placed
    both too low and too far towards the back for serial ECG
    recording.

Errors in the placement of the chest electrodes do not influ-
ence the morphology of the QRS complex of the limb leads 
in the frontal plane.

Technicians are commonly trained to place the chest electrodes 
under the breast of women. The effect of breast tissue on the ECG 
is smaller than that of misplacement.Therefore it is recommended 
by some experts to place the electrodes on the breast rather than 
under the breast to facilitate the precision of electrode placement 
at the correct horizontal level and at the correct lateral positions. 
Others believe that there is insufficient evidence to support a switch 
from traditional sites beneath the left breast to record V4 to V6.



49An error in the placement of precordial leads may change the morphology 
of the ECG and result in inadequate or even wrong diagnosis.

In the example below, the P wave changes from its normal equiphasic 
ap pear ance to monophasic positive if the electrodes are placed 
incorrectly too low or monophasic negative if they are placed too high:

The right precordial leads can be placed deliberately too low in order to 
make a differential diagnosis between left anterior hemiblock (LAH) and 
an old anteroseptal infarction.

In the example above, there is a QS pattern in V1 and V2.
If the precordial electrodes are placed 2 intercostal places lower the QS 
morhology changes to rS indicating LAH.
For an old anteroseptal infarction the QS would persist.

V6

V6

V6

V5

V5

V5

V4

V4

V4

V3

V3

V3

V2

V2

V2

V1

V1

V1
Correct positioning of the precordial electrodes

Equiphasic
QS

2 IC lower than normal

2 IC higher than normal

Monophasic
positive

Monophasic
negative

rS
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LEAD REVERSALS IN FRONTAL PLANE

Always look at lead I to recognize arm lead reversal: P, QRS and T 
are all inverted.

A straight line in leads II or III suggests arm lead and right leg reversal.

RA/LA reversal

P, QRS, T negative
in lead I

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

Normal R wave
progression in

precordial leads

Lead switches are a common mistake in ECG recording and can lead to wrong diagnoses. The 
most common mistake in electrode positioning is reversal of the right and the left arm leads, 
which occurs in about 3% of ECGs recorded in a hospital setting. Lead I becomes the mirror 
image of the true lead I so that all deflections (P wave, QRS complex and T wave) are inverted. 
Lead aVR shows reversed polarity with a positive P wave and QRS complex. Just looking at lead 
I makes the diagnosis. 
Right and left arm lead reversal can be distinguished from the much rarer dextrocardia (where the 
heart is positioned on the right side) by examination of the precordial R wave progression. This 
progression is normal with arm lead reversal but is reversed with dextrocardia.

Transposition of the arm and leg electrodes is much less common but quite complex to evaluate, 
except reversal of the right leg lead with one of the arm leads. In this situation the reversal produces 
“pseudo-asystole” (a straight line) in either lead II or III because the potential between the two 
legs is zero. Lead II or III appears “collapsed” (very small voltage), but this sign occurs in only one 
lead. Consider the switch of the right arm (RA) and the right leg (RL) electrodes. Lead II records 
the potential difference between the left leg (LL) and RA electrodes (i.e. LL − RA). Now that RA 
becomes RL as the result of the switch, the electrocardiograph will record lead II with LL − RL 
which yields an essentially zero potential. The same argument applies to the left arm (LA) and 
RL switch. Lead III is LL − LA but as LA is now RL, lead III records the difference between LL 
and RL which is again essentially zero.
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Dextrocardia

P, QRS, T negative
in lead I

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

Reversed R wave
progression in

precordial leads

RA/RL
and LA/LL
reversal
Zero potential 

in lead I

I

II

III

Both arm leads are on 
the legs and both leg

leads are on the arms.

Lead I = LA – RA but 
with reversal of arm 
and  leg  electrodes
lead I now becomes
LL – RL = 0

Pseudo-asystole
in lead II

I

II

III

RA/RL
reversal

I

II

III

LA/RL
reversal

Pseudo-asystole
in lead III
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Chapter 3

the NOrMaL eCG  
aND 

the FrONtaL pLaNe  
QrS aXIS

* The origin of the ECG – projection of the heart vector
* Neutral plane and hemisphere concept
* The origin of the ECG – normal QRS complex
* Normal QRS complex in the frontal plane
* Summary of the frontal plane for a normal heart
* Summary of the precordial plane for a normal heart
* Rotation of the heart
* Mean frontal plane electrical QRS axis
* Determination of the mean QRS axis in the frontal plane
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ECG from Basics to Essentials: Step by Step. First Edition. Roland X. Stroobandt, S. Serge Barold and Alfons F. Sinnaeve.  
Published 2016 © 2016 by John Wiley & Sons, Ltd. Companion Website: www.wiley.com/go/stroobandt/ecg
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54 THE ORIGIN OF THE ECG 
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The deflection on the ECG will be positive if the projection of the 
voltage vector points to the positive pole of the lead axis. The 
deflection on the ECG will be negative if the projection of the voltage 
vector points to the negative pole of the lead axis.

The magnitude of the deflection on the ECG is determined by the 
angle between the voltage vector and the lead axis.

The resultant voltage vector of the heart is continuously changing 
during the heart cycle causing ECG deflections to vary with the 
passage of time. The tip of the resultant voltage vector describes a 
closed loop in space.

No deflection is produced when the resultant heart vector is 
perpendicular to the axis of a lead.

When the heart vector fluctuates at both sides of the perpendicular 
(partly pointing towards the positive pole and partly towards the 
negative pole) a biphasic deflection on the ECG is produced.
If the positive and negative deflections are equal in magnitude, an 
equiphasic deflection is present and the sum of the deflections is 
zero.

The perpendicular to an axis of a lead serves as a boundary 
between the predominantly positive and the predominantly negative 
deflections in any given lead.

The ECG records the electrical activity of the heart.
Potential differences or voltages are created by depolarization and 
repolarization wavefronts in the heart.
Voltages can be represented by vectors having a direction and a 
magnitude.
The magnitude of the voltage vector is to a large extent determined by 
the amount of myocardium that depolarizes simultaneously. Therefore, 
the thick wall of the left ventricle is electrically dominant. 
The deflection on the ECG paper corresponds to the projection of the 
voltage vector on the lead axis.
The lead axis refers to one of the traditional 12 leads or any special
leads.
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NEUTRAL PLANE AND HEMISPHERE CONCEPT

 
When the perpendicular to a lead axis is rotated around that 
lead axis, a neutral plane is created. Each heart vector lying in 
that plane is projected on the axis as a single point and does 
not generate a deflection on the ECG.

The neutral plane divides the space around the heart into two 
halves. The half along the positive side of the lead axis is the 
positive hemisphere. Any resultant heart vector in that hemi-
sphere has a positive projection upon the lead axis and causes 
a positive deflection on the ECG.

No ECG deflection is produced when the resultant heart vector 
is perpendicular to the axis of a lead: the perpendicular to 
the lead axis is a “neutral line”, it is the boundary between the 
positive and the negative deflections for any given lead.

Obviously, there is a positive hemisphere for each lead, i.e. six 
hemispheres for the frontal plane leads: aVL, I, II, aVF, III, aVR. 
The same concept also applies to the horizontal plane.
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THE ORIGIN OF THE ECG 
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TO REMEMBER !

During the initial phase, depolarization takes place in the inter- 
ventricular septum, the paraseptal and anteroseptal zones of 
the left and right ventricles. The initial heart vector VI is 
directed to the right, anteriorly and slightly superiorly or 
inferiorly.

During the main phase ventricular depolarization occurs in the 
anterolateral and slightly later in the posterolateral regions. 
The main heart vector VM is directed to the left, posteriorly 
and inferiorly.

Ventricular depolarization ends in the posterobasal zone of 
the left ventricle, the upper part of the interventricular septum 
and finally the outflow tract of the right ventricle. The terminal 
heart vector VT is directed backwards and upwards and may 
be directed to the left or to the right.a
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 NORMAL QRS COMPLEX 
IN THE FRONTAL PLANE
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In the normal ECG looking at the precordial leads, the r wave usually  
progresses from showing an rS complex in V1, with an increasing R  
and a decreasing S wave when moving towards the left side.  
There is usually a qR complex in V5 and V6 (the q wave reflecting  
septal activation) but the absence of q waves in V5 and V6 may be  
normal. The R wave amplitude is usually taller in V5 (and occasionally  
in V4) than in V6 because of the attenuating effect of the lungs.  
The transition zone is the lead with equal R and S wave voltage (i.e.  
R/S = 1) and occurs normally in V3 or V4. It may be normal to have  
the transition zone at V2 (called “early transition”), and at V5 (called  
“delayed transition”). It is normal to have a narrow QS or rSr’ pattern  
in V1.

Normal progression in the precordial plane

V1
V2 V3

V4
V5 V6
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ROTATION OF THE HEART
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R WAVE PROGRESSION

In the normal ECG looking at the precordial leads, the r wave usually progresses 
from showing an rS complex in V1, with an increasing R and a decreasing S wave 
when moving towards the left side. There is usually an qR complex in V5 and V6 (the 
q wave reflecting septal activation) but the absence of q waves in V5 and V6 may be 
normal. The R wave amplitude is usually taller in V5 (and occasionally in V4) than in 
V6 because of the attenuating effect of the lungs. The transition zone is the lead with 
equal R and S wave voltage (R/S = 1) and occurs normally in V3 or V4. It may be 
normal to have the transition zone at V2 (called “early transition”), and at V5 (called 
“delayed transition”). It is normal to have a narrow QS or rSr’ pattern in V1.
The definition of poor R wave progression in the literature varies considerably. A 
common definition relies on an R wave being less than 2-4 mm in leads V3 and V4. 
In addition it requires one or more of the following criteria: R in V4 < R in V3, R in 
V3 < R in V2, R in V2 < R in V1. If transition occurs at/or before V2 it is called CCW 
rotation. If it occurs after V4 it is called CW rotation. Poor R wave progression is also 
defined as a late transition seen in V5 or V6. In other words, poor R wave progression 
is present when the R wave height does not become progressively taller from leads 
V1 to V3 or V4, or even remains of low amplitude across the entire precordium. Poor 
R wave progression is abnormal but is not a diagnosis provided faulty ECG technique 
is ruled out, remembering that it can also be a normal variant.

In cardiac rotation the heart is always visualized from under 
the diaphragm looking up. Hence, the anterior and posterior 
orientation of the body with its precordial leads is turned
upside down. 
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rotation possible in both directions
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The mean QRS axis in the horizontal plane is rarely, if ever, used clinically. Determining the  
mean QRS axis in the horizontal plane may be useful for determining the origin of ventri- 
cular premature beats and ventricular tachycardias.

MEAN FRONTAL PLANE ELECTRICAL QRS AXIS

The  refers to the electrical QRS axis in the frontal plane
direction of a single vector representing the summation or mean  
of all the instantaneous frontal plane vectors generated by 
ventricular depolarization. It depicts the net overall direction of 
the electrical activity in the frontal plane. The mean frontal plane
electrical QRS axis (abbreviated as “electrical axis”) usually 
points to the left and inferiorly in the normal heart because of 
left ventricular dominance.

instantaneous
heart vectors
changing as
time proceeds

ELECTRICAL
AXIS

end of 
ventricular 

depolarization

start of 
ventricular 

depolarization

direction of
rotation



67

Leads I and aVF divide the thorax into 4 quadrants equal in size. Examine the 
direction of the QRS complex in leads I and aVF. The combination should place the 
electrical axis in one of the 4 quadrants of the hexaxial diagram.

1.  If leads I and aVF are both upright, the axis is in the left inferior quadrant (yellow  
area). There is no point in going further to obtain the precise site of the mean axis  
as it is always normal in this quadrant.
2. If lead I is upright and lead aVF is downward, the axis is in the left superior  
quadrant (red area) where it may be normal or abnormal because the normal site  
extends from 90° to −30° moving in a counterclockwise fashion. The site of the  
axis can be more precisely determined by one step which involves looking at  
lead II (discussed later). The axis in this quadrant is called left superior axis 
deviation if it is more superior or more negative than −30°.
3. If lead I is downward and aVF is upright, the axis is in the right inferior quadrant  
(green area). It is simply called right axis deviation.
4. If both leads I and aVF are downwards, the axis is in the right superior quadrant  
(blue area). This quadrant has been described by a variety of names: no man’s  
land, marked right axis deviation, marked left axis deviation, indeterminate axis,  
right shoulder axis and northwest quadrant. It is best called a right superior axis.

Another method related to the quadrant technique involves determining the frontal 
plane axis by seeking the QRS complex with the greatest amplitude. The axis is 
parallel to this lead (see step 2).

DETERMINATION OF THE MEAN
QRS AXIS IN THE FRONTAL PLANE 1

STEP 1 : LOOK  AT LEADS I & aVF TO DETERMINE IN WHICH
               QUADRANT THE FRONTAL PLANE AXIS IS SITUATED    

I
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(180°)
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(- 60°)
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Lead I 
positive

Lead I
positive

Lead I
negative

Lead I
negative

Lead aVF
negative

Lead aVF
negative

Lead aVF
positive

Lead aVF
positive

aVF
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DETERMINATION OF THE MEAN

QRS AXIS IN THE FRONTAL PLANE 2

STEP 2 : LOOK IN THE APPROPRIATE QUADRANT FOR THE 
              TALLEST R WAVE OR THE DEEPEST S WAVE 

II II

aVF aVF

(0°) (0°)

(30°) (30°)

(60°) (60°)

(90°)
A

X
IS

A
X

IS
STEP 3 : FIND THE LEAD WHICH IS PERPENDICULAR TO THE 
               ELECTRICAL QRS AXIS

aVR aVL

I
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QRS axis in the frontal plane

aVL is equiphasic

Lead aVL is perpendicular 
to the QRS axis

Lead I is positive, thus the
QRS axis is on the left

QRS axis is along lead II. Note that
lead II has the largest positive deflec-
tion, confirming the direction of the
axis.

The lead nearest to (or parallel along) the QRS axis has the largest positive 
deflection. If two leads have equal positive deflections, the axis is exactly in the 
middle between these two leads.
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QRS complex or the lead with the smallest net amplitude (most equiphasic lead). 
Since there are two perpendicular directions to each isoelectric lead, choose the 
direction (positive or negative) that best fits to the adjacent leads. 
This method can determine the axis within ± 10°−15°. If there is no isoelectric lead, 
there are usually two leads that are nearly isoelectric, and these are always 30° 
apart. Find the perpendiculars for each lead and choose an approximate QRS axis 
within the 30° range.
Occasionally each of the 6 frontal plane leads is small and/or isoelectric. The axis 
cannot be determined and is called indeterminate.

Normal & abnormal QRS axes of the heart 
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The normal axis resides between 90° and
 –30° (yellow area)!
When lead I is positive and lead aVF is 
negative, the axis cannot be determined
without looking at lead II.
A. If lead II is equiphasic, the axis is 
directed along lead aVL. This is because
an equiphasic lead (lead II in this case) is 
perpendicular to the aVL axis.
B. If lead II is more positive than negative, 
the axis is below –30° and normal (yellow
area).
C. If lead II is more negative than positive,
the axis is more negative than –30° and is 
in the left superior quadrant (red area).
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lead I
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lead aVF
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I

I

II

II

aVF

aVF

III

III

(30°)

(30°)

(60°)

(60°)

(120°)

(120°)

(150°)

(150°)

(180°)

(180°)

(- 30°)

(- 30°)

(- 60°)

(- 60°)

(- 90°)

(- 90°)

(- 120°)

(- 120°)

(- 150°)

(- 150°)

MEAN QRS AXIS IN THE FRONTAL PLANE

EXAMPLES 1

(

Normal electrogram
QRS axis at + 60°

Left Axis Deviation (LAD)
QRS axis at − 60°

I and aVF both positive: left inferior quadrant

tallest R wave in II: QRS axis is along II

most equiphasic in aVL: perpendicular to aVL

I positive; aVF negative: left superior quadrant

tallest S wave in III: QRS axis is along III

most equiphasic in aVR: perpendicular to aVR
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EXAMPLES 2

lead I lead II lead III lead aVL lead aVF

aVR aVL

I
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lead I lead II lead III lead aVL lead aVF
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lead aVR

Right Axis Deviation (RAD)
QRS axis at about + 110°

Right Superior Axis
QRS axis at about −100°

aVF is + and lead I i s −: QRS is in the right inferior 

quadrant

tallest R wave in III: QRS axis is close to III

lead III > aVF: axis near III

aVF is negative: QRS is oriented superiorly

mos t equiphasic in lead I: QRS axis is nearly 

perpendicular to lead I

Note that the sum of R and S waves in lead I is
negative which places the axis in the right
inferior quadrant

Note that the largest QRS deflections are in
leads II and aVF. Therefore the axis is diame-
trically opposite the line that bisects the angle
between the lead II axis and the aVF axis.
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Chapter 4

the COMpONeNtS 
OF the eCG 

WaVeS aND INterVaLS

* What can be seen on the normal ECG – waves and complexes
* Intervals and segments
* The QT interval and the U wave
* T wave polarity and morphology
* The QRS complex – designation of special cases
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*   Only electrical activity can be seen !  

Mechanical action (contraction) is not registered by the ECG.

*   Atrial repolarization is not seen in the ECG.

*   The depolarization of sinus node, AV node, His bundle and  
bundle branches is not marked on the normal ECG because  
they do not contain sufficient cells to produce a voltage that  
can be measured on the skin of the body.

*  An obvious U wave is seldom seen on a normal ECG.

*   The Q wave is the first downward deflection of the  
QRS complex and is followed by the upward R  
wave.

*   The R wave is the first upward deflection of the  
QRS complex and is followed by a downward  
S wave.

*   The S wave is the downward deflection preceded  
by an upward deflection.

Note: differentiation between downward Q and S  
waves depends on whether the downward stroke  
occurs before or after the R wave.

* The QRS complex is the representation of ventricular 
   depolarization  .

* The P wave represents the depolarization of both the 
   right and left atria.

* The T wave represents the repolarization of both the 
   right and left ventricles.
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*  are periods of time including waves and complexes. Intervals
   are always measured between waves but never Segments
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* The  or  is a straight flat line seen when baseline isoelectric line  
  no electric activity of the heart is detected.
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PR interval
The PR interval begins at the onset of the P wave and ends at the onset of the 
QRS complex. This interval represents the time taken by the cardiac impulse to 
reach the ventricles starting from the sinus node and high right atrium. It is called 
PR interval because the Q wave is frequently absent. Normal values are between 
0.12 and 0.20 s ; prolongation defines 1st-degree atrioventricular block.

RR interval
The RR interval starts at the peak of one R wave to the peak of the next R wave 
and represents the time between two QRS complexes.This measure-ment is 
useful in calculating the heart rate.

QRS complex
The QRS complex represents the duration of ventricular depolarization. The short 
duration of the QRS complex indicates that ventricular depolarization normally 
occurs very rapidly (0.06 to 0.10 s). The QRS complex begins at the onset of the 
Q wave and ends at the endpoint of the S wave. The deflections are still termed 
QRS complexes even if one or more of the 3 waves (Q, R, S) are not visible. 
Hence the traditional use of the term RR interval to indicate the time between two 
QRS complexes regardless of their configurations.

The ventricles have a much larger muscle mass compared to the atria, causing the 
QRS complex to exhibit a much larger amplitude than the P wave. The amplitude 
of the QRS complex is increased secondary to a larger myo-cardial mass in left 
ventricular hypertrophy.

If the QRS complex is prolonged (> 0.1 s) conduction is impaired within the 
ventricles.

ST segment
The ST segment begins at the endpoint of the S wave and ends at the onset of 
the T wave, lasting 0.08 to 0.12 s. During the ST segment, the atria are relaxed 
and the ventricles are contracting but no electricity is noted. Electrical activity is 
not visible so that the ST segment is normally isoelectric but ST eleva-tion with a 
slight upward concavity may also be normal thereby complicating the diagnostic 
value of the ST segment.

The length of the ST segment shortens with increasing heart rate. A change from 
baseline producing ST segment depression or elevation occurs in pathological 
situations.

QT interval
The QT interval represents the duration from depolarization to repolarization of 
the ventricles. (See next page.)
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The QT interval represents the duration from depolarization to repolarization of 
the ventricles. It is measured from the beginning of the QRS complex to the end of 
the T wave. Therefore it roughly estimates the duration of an average ventricular 
action potential. Ventricular action potentials shorten in duration at faster rates 
which decrease the QT interval. The QT interval also varies according to gender 
(longer in females), and age (increases slightly with age). The QT interval can 
range from 0.2 to 0.4 s approximately depending upon the heart rate. Because 
prolonged QT intervals can indicate susceptibility to certain types of ventricular 
tachyarrhythmias and sudden death (see later), it is important to determine if a 
given QT interval is truly excessively long, especially in patients receiving drugs 
that lengthen the QT interval.

In practice, the QT interval is expressed as a “corrected QT interval” (QTc) by 
taking the QT interval (in s) and dividing it by the square root of the RR interval 
(in s). This is known as the Bazett formula:

The Bazett formula allows an assessment of the QT interval that is independent of 
heart rate. The normal corrected QTc is < 0.44 s in men and < 0.46 s in women. 
Easy to remember: at a heart rate of 60 bpm, the RR interval is 1 s and QTc = QT. 
The QT interval should be determined as the average value obtained from 3 to 5 
cardiac cycles.

Modern ECG machines give the QTc. However, the machines are not always 
capable of making the correct determination of the end of the T wave. Therefore, it 
is important to check the QT time manually. The methodology of QT measure-ment 
has not been standardized!

The U wave is not always seen. It is typically low amplitude, and, by definition, 
follows the T wave. The U wave may be seen in some leads, especially the right 
precordial leads V2 to V4. U waves are associated with metabolic disturbances, 
typically hypokalemia. Additionally, it may be seen closely following the T wave 
and can make interpretation of the QT interval especially difficult.

QTc (in s)  =  
QT interval (in s)

R-R interval (in s)
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The T wave is the most variable wave in the ECG. T wave changes including low-
amplitude T waves and abnormally inverted T waves may be the result of many 
cardiac and non-cardiac conditions. The normal T wave is usually in the same 
direction as the QRS except in the right precordial leads. In the normal ECG the T 
wave is always upright in leads I, II, V3 to V6, and always inverted in lead aVR. The 
other leads are variable depending on the direction of the QRS and the age of the 
patient.The shape of the T wave is normally rounded and smooth. Also, the normal 
T wave is asymmetric with the first half moving more slowly than the second half.

The action potential duration in epicardial cells is shorter than in endocardial cells. 
Hence, the repolarization starts in the tissue that was depolarized last. Repolarization 
occurs from epicardum towards endocardium, i.e. opposite to the direction of 
depolarization. However, the voltage vector (the +/− dipole) is still pointing to the 
epicardium and towards the recording electrode and again causes a positive deflection 
(T wave) on the ECG. The heterogeneity of ventricular repolarization is in large part 
due to the presence of M cells constituting 30% to 40% of the mid-myocardium 
between the endocardial and epicardial layers of the heart. The hallmark of the M 
cells is their different electrophysiologic properties that pro-long their action potential 
duration even beyond those of epicardial and endocardial cells. Full repolarization of 
the epicardial cells coincides with the peak of the T wave and repolarization of the M 
cells corresponds to the end of the T wave.

Repolarization takes longer and is more diffuse than depolarization because the 
process spreads from cell to cell so that the T wave has a lower amplitude and a 
longer duration than the QRS complex.

* The T wave represents the repolarization of the ventricles and roughly
  corresponds to phase 3 of the action potential of an average myocar-
  dial cell. 
* The T wave is broader and not as large as the R wave because ventricu-
  lar repolarization is less synchronous than depolarization.

T wave

time



82
THE QRS COMPLEX 
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lower case letters depending on the relative size of the waves. The large waves 
that form the major deflections are identified by upper case letters (Q, R, S, 
QS). The smaller waves that are less than one-half the amplitude of the major 
deflections are identified by lower case letters (q, r, s). Thus, the ventricular 
depolarization complex can be accurately described by using combinations of 
upper and lower case letters (qrS, rS, Qrs, ...).

A QS wave is a QRS complex that consists entirely of a single large negative 
deflection.
A QS complex should not be called or equated to a Q or q wave especially when 
comparing the significance of a QS complex with one showing a qR, QR or Qr 
configuration.

More than one deflection in the same direction
Altough there may be only one Q wave, there can be more than one R wave and 
S wave in the QRS complex. A second upward or downward deflection is indicated 
by an accent (R’ = R prime or S’ = S prime). A rare subsequent deflection may be 
indicated by a double accent (e.g. R’’ = R double prime).

Concordance
Positive or negative concordance indicates that the QRS complex in all 6 precordial 
leads has the same polarity. The 6 leads are either all positive or all negative.

Notches
A notch is a change in direction of the QRS complex and may involve the Q, R and 
S waves. A notch does not cross the baseline (causes and clinical significance will 
be discussed later).

Slurring
Slurring reflects a change in the rate of rise or fall of a wave within the QRS complex.

Delta wave
The slow and slurred upstroke of the QRS complex is called a “delta wave” because 
of its resemblance to the Greek capital letter delta (symbol Δ). Delta waves are due 
to premature ventricular excitation caused by an accessory pathway between atrium 
and ventricle (discussed later : WPW syndrome and preexcitation). The delta wave is 
a form of slurring of the initial portion of the QRS complex.

Osborn wave
When the J point is exaggerated and the downward deflection resembles the 
letter “h”, the QRS complex displays an Osborn wave (named after Osborn who 
described the association of this wave with hypothermia). Osborn waves also occur 
in hypercalcemia (discussed later).

Epsilon wave
Epsilon waves are often seen in patients with right ventricular dysplasia. The waves 
are best seen as small wiggles in the ST segment of leads V1 and V2. They are 
caused by late excitation of myocytes in the right ventricle and constitute post-
excitation.
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* Topographical anatomy of the heart
* The normal P wave in the frontal plane
* The normal P wave in the horizontal plane
* Left atrial abnormality
* Right atrial abnormalitiy
* Biatrial abnormality
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Due to rotation of the heart along its long axis the right 
heart is located anteriorly with regard to the left heart. 
The right atrium (RA) is located to the right, while the 
right ventricle (RV) is the most anteriorly located 
structure. The left ventricle (LV) lies behind the RV 
and points towards the left. The LV is situated mostly 
in the anterior part of the chest. The left atrium (LA) is 
the most posteriorly (dorsally) located heart chamber.
The wall thickness of a cardiac chamber reflects the 
amount of muscle tissue needed to produce its level 
of pressure. Therefore a cross-section of the cham-
bers shows that the atrial walls and the interatrial 
septum (wall) are relatively thin. The right ventricular 
wall is much thicker. The left ventricular wall is again 
several times thicker than that of the right. The 
increased thickness of the left ventricle enables it to 
generate the high pressure required for the systemic 
circulation. In contrast, the right ventricle is a low 
pressure system sustaining the pulmonary arterial 
circulation. The ventricular septum separates the two 
ventricles. It is mostly muscular but partly membra-
nous in its superior portion. The septum is directed 
obliquely backward and to the right, and is curved 
with the convexity toward the right ventricle. 
Note: The anatomic heart axis differs from the 
electrical axis.
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THE NORMAL P WVE 1
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The P wave represents 
the depolarization

of both right 
and left atria

Electrical activation is transmitted from the sinoatrial node to the high 
left atrium via Bachmann’s bundle which serves as the only atrial 
specialized conduction system or tract conducting electrical activity 
to the high left atrium. This arrangement causes a slight delay in left 
atrial compared to right atrial depolarization as the activation then 
travels to the left and posteriorly (P2). This delay causes continuing 
left atrial depolarization after right atrial depolarization has finished.

The right atrium depolarizes first and the wave front (P1) travels from 
the top (superior) to the bottom (inferior).

Atrial depolarization starts at the sinus node and progresses from 
right to left.

The sinoatrial node is situated near  the top of the right atrium near the 
inlet of the superior vena cava.

Since activation starts at the sinus node, the P wave is always negative 
in lead aVR during normal sinus rhythm. The P wave vector is directed 
towards lead II and hence the P wave is always positive in lead II during 
sinus rhythm.

The mean frontal plane axis of the P wave is between 0° and 75°. It is 
usually between 45° and 60°. The axis of the P wave is usually the first 
measurement in ECG interpretation to determine whether normal sinus 
rhythm is present. An abnormal P wave axis may suggest the presence 
of a non-sinus rhythm, dextrocardia or reversal of the ECG limb leads. 
The normal P wave has a smooth contour and is never peaked or 
pointed.
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THE NORMAL P WAVE 2
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The P wave consists of two components: the depolarization of the  
right atrium (P1) and the depolarization of the left atrium (P2). The  
first part of the P wave is positive in lead V1 as the depolarization  
vector of the RA is directed towards lead V1 which is oriented to the  
right and anteriorly. The terminal part of the P wave is negative in  
V1 as the depolarization vector of the left atrium (P2) is directed  
towards the left and posteriorly (i.e. in the opposite direction of lead  
V1). Thus, the P wave in lead V1 is often biphasic as the mean P  
wave vector travels perpendicular to the axis of lead V1.

Atrial depolarization generates a positive deflection in the leads  
that look at the heart from below (frontal plane). The chest leads  
(apart from V1) do not detect atrial depolarization well because  
atrial depolarization is downwards (i.e. inferiorly). As five of the six  
(excluding V1) chest leads are mostly on the left side of the body  
and approximately at the same level in the horizontal plane, the P  
wave will not exhibit the P wave variations typical of the frontal  
plane leads.There will generally not be much difference in the P  
wave in these leads with small positive deflections seen in each.  
Lead V1 with its different view on the heart looks at the atrial depo- 
larization passing across its axis.

The best two leads to examine the P wave are leads II and 
V1 as they look at the atria in opposite directions (lead II 
looks along the axis of the atria, while V1 looks across 
the atria). 

Lead V1 allows the easy separation of the two compo-
nents of atrial depolarization. 
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Look at leads where the P wave is most prominent:
usually lead II, but also leads III and aVF, and V1.

I
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25 mm/s
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V1

V2

V3

V4

V5

V6

isoelectric
line

isoelectric
line

The P wave becomes broadened (P wave duration ≥ 0.11 s) because of prolonged 
total atrial activation time. P wave amplitude generally remains unchanged. The P 
wave may be notched, or double-peaked (M shape pattern) with an interpeak interval 
≥ 0.04 s due to the delay in left atrial activity which also causes wider separation of 
right and left atrial depolarization. These features are best seen in lead II. The left 
atrial vector may increase toward the left and become more pronounced, resulting in a 
negative terminal deflection of the P wave in leads III and aVF. Leads V1 and V2 may 
show a deeply inverted or negative portion of the P wave reflecting left atrial activation 
directed posteriorly. The terminal inverted P wave in V1 should be ≥ 1 mm in depth 
and ≥ 1 mm (0.04 s) in duration. The product of amplitude and duration should have 
an area greater than that of the initial upright portion of the P wave (reflecting right 
atrial activation which is directed anteriorly) or greater than the area of a small square 
on the ECG paper.
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LEFT ATRIAL ABNORMALITY
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“Atrial abnormality” (or delay of left atrial activation) is a term being used increasingly in 
place of “atrial enlargement”, “atrial dilatation”, “atrial distention”, “atrial hypertrophy”, 
“atrial overload”, and “P mitrale” or even in the presence of atrial conduction delay.
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Left atrial abnormality causes wider P waves with no signi-
ficant change in amplitude.
RA abnormality does not cause a significant change in P wave
duration (though the P waves appear somewhat more narrow)
but  it increases the P wave amplitude.

The criteria for the diagnosis of RA abnormality are 
not specific nor sensitive

I

II
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aVF

C1

C2

C3

C4

C5

C6

25 mm/s

II V1

Right atrial (RA) abnormality refers to delayed activation of the right atrium as a 
result of dilatation, hypertrophy, scarring or a conduction abnormality. RA abnor-
mality is also known as P pulmonale because it is often the result of severe lung 
disease. An RA abnormality is reflected in the early portion of the P wave.
RA abnormality leads to simultaneous activation of the two atria resulting in rel-
atively narrow tall pointed and peaked P waves which are increased in amplitude 
(> 2.5 mm in leads II, III and aVF). This reflects the summation of the enhanced 
RA component with the left atrial component.
In leads V1 and V2 the positive part of a biphasic P wave may display prominent 
positivity and be > 1.5 mm which is larger than the negative component.
The P wave axis in the frontal plane is deviated to 75° or greater. Therefore the 
tallest P wave may be seen in lead III rather than lead II.
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RIGHT ATRIAL ABNORMALITY
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Biatrial or combined atrial abnormality demonstrates essentially some of the  
features of both RA and LA abnormalities. The P wave in lead II is > 2.5 mm  
and > 0.12 s in duration. The initial positive component of the P wave in lead  
V1 is > 1.5 mm tall and the terminal portion of the P wave is prominent with a  
negative amplitude > 1 mm. Little evidence is available regarding the accuracy 
of the ECG in combined atrial abnormality.

The Bachmann Bundle (interatrial bundle) plays a fundamental role in interatrial 
conduction as the preferential interatrial connection which ensures rapid inter-
atrial conduction leading to physiologic near-simultaneous right and left atrial 
contraction. Delay in this pathway causes an interatrial conduction delay (IACD) 
manifested by the typical ECG pattern of left atrial abnormality but not all the fea-
tures may be present. Typically there is widening of the P wave with one or two 
notches. The ECG configuration is not surprising because the general features 
of left atrial abnormality from a variety of causes are more dependent on IACD 
than on actual atrial dilatation. 

Isolated IACD due to atrial fibrosis or scarring is a diagnosis of exclusion and 
should be suspected when there is no clinical suspicion or evidence of left atrial 
enlargement. The situation is compounded by the fact that primary IACD may 
be associated with left atrial enlargement as a result of the conduction disorder 
itself. Furthermore, an ECG pattern of left atrial abnormality may be produced by 
primary left atrial enlargement. IACD is not uncommun in patients with sick sinus 
syndrome and is a precursor to atrial fibrillation. For patients undergoing dual 
chamber pacemaker implantation, measurement of the electrocardiographic P 
wave duration is essential. IACD may cause significant left atrial electromechan-
ical dysfunction which may necessitate placement of an atrial pace-maker lead 
at a site other than the traditional right atrial appendage.

BIATRIAL ABNORMALITY

INTERATRIAL CONDUCTION DELAY
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BIATRIAL ABNORMALITY
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100 LEFT VENTRICULAR HYPERTROPHY

LEFT VENTRICULAR 
HYPERTROPHY

DUE TO SYSTOLIC OVERLOAD

The left ventricular wall is much 
thicker than normal

SOME CRITERIA TO DIAGNOSE LEFT VENTRICULAR HYPERTROPHY
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(for a horizontal heart axis)
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Left ventricular hypertrophy (LVH) refers to an increase in the size 
of myocardial fibers. Such hypertrophy is usually the response to 
a chronic volume or pressure overload.
* The two most important pressure overload states are systemic
  hypertension and aortic stenosis.  
* The major conditions associated with LV volume overload are
  aortic or mitral valve regurgitation and dilated cardiomyopathy.

Commonly used ECG criteria for diagnosis of LVH :
* S in V1 + R in V5 or V6 (whichever is larger) ≥ 35 mm (or 3.5 mV)
* R in aVL ≥ 11 mm 
   or if left axis deviation  R in aVL ≥ 13 mm plus S in III ≥ 15 mm
* R in I + S in III > 25 mm
* Delayed intrinsicoid deflection in V6 ≥ 50 ms

The power of some of the more commonly used ECG criteria to
rule out the diagnosis of LVH in patients with hypertension is poor.

Hypertrophic cardiomyopathy is an example of an inherited condition in which LVH 
(usually with asymmetric septal hypertrophy) occurs in the absence of any appar-
ent hemodynamic pressure or volume overload unless there is LV outflow tract 
obstruction.
A physiologic type of hypertrophy with increase in wall thickness and diastolic vol-
ume overload may occur in trained athletes. The “athletic heart” is often associated 
with ECG voltage criteria for LVH.

The electrocardiogram is a useful but imperfect tool for detecting LVH. The utility of 
the ECG relates to its being relatively inexpensive and widely available. The limi-
tations of the ECG relate to its poor sensitivity depending upon which of the many 
proposed sets of criteria are applied. The ECG is often used as a screening test to 
determine who should undergo further testing with an echocardiogram.

The ECG criteria for diagnosing LVH are very insensitive (about 20–50%) meaning that 
many patients with LVH cannot be recognized by ECG (false negatives!). However, 
the criteria are very specific (about 90%) which means it is very likely thatLVH is 
present if the criteria are met. 
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RIGHT VENTRICULAR HYPERTROPHY

The causes of RVH involve mostly congenital disease and lung disease.
Because the electrical activity of the RV is overshadowed by that of the
LV, RVH has to be significant to cause ECG abnormalities.

The specificity varies according to
the underlying pathology. The diag-
nosis of RVH can be made with an
ECG in only 50% of patients with
chronic obstructive pulmonary di-
sease who have definite RVH docu-
mented echocardiographically. 
However the specificity is higher.

The diagnosis requires a QRS duration < 0.12 s and a right axis deviation of approxi-
mately 100° or larger.  There are a number of criteria but the diagnosis is usually made on 
the basis of a constellation of supportive findings.

R wave in lead V1.
As expected RVH increases the height of the R waves in the RV leads (V1 to V3).
1.   Lead V1 shows > 7 mm in height (with an s wave < 2 mm) and the R/S ratio is > 1.
2.   Lead V1 may show a qR pattern.
3.   If there is an rSR’ complex the R’ > 10 mm  

In the normal ECG the S wave is dominant in lead V1.  A dominant R wave can occasion- 
ally be a normal variant. A posterior myocardial infarction (MI) may cause a dominant R  
wave in lead V1 but the T waves are often upright in the right precordial leads.  Such a  
posterior MI is commonly associated with an inferior MI which is easily recognizable on the  
ECG.

Deep S waves in the left ventricular leads.  The S wave > R wave.

ST - T wave changes in leads V1 to V3. There is T wave inversion in lead V1 and often in V2 
and V3. The ST segment is depressed secondary to RVH. The changes are opposite in polarity 
to the QRS complex. This pattern used to be called RV strain.

R wave in lead aVR. The R wave in lead aVR is > q wave in the same lead. The R > 5 mm.

Right axis deviation. At least 100°.

Right atrial enlargement provides indirect proof of RVH.

Delayed intrinsicoid deflection in lead V1.  This is similar to the corresponding changes in  
the left ventricular leads in left ventricular hypertrophy.
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Chest X-ray in a patient with primary pulmonary hypertension
showing marked prominence of the main pulmonary artery.
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INtraVeNtrICULar  
CONDUCtION  

DeFeCtS

* Right bundle branch block
* Left bundle branch block
* LBBB versus RBBB
* Left anterior hemiblock
* Left posterior hemiblock
* LAH versus LPH
* Incomplete right bundle branch block
* Left hemiblock and right bundle branch block
* Rate-dependent bundle branch block
* Phase 3 and phase 4 blocks
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The terms rsr’ and normal rsr’ are not recommended to describe such patterns,  
because their meaning can be variously interpreted. In children an rsr’ pattern in  
V1 and V2 with a normal QRS duration is a normal variant.

Complete RBBB – Criteria

Incomplete RBBB

Functional RBBB

1. QRS duration ≥ 120 ms in adults, > 100 ms in children 4 to 16 years of age, 
and > 90 ms in children less than 4 years of age.  
2. rsr’, rsR’, rSr’, or rSR’ in leads V1 or V2. The R’ or r’ deflection is usually 
wider than the initial R wave. In a minority of patients, a wide and often 
notched R wave pattern may be seen in lead V1 and/or V2.
3. S wave of greater duration than R wave or > 40 ms in leads I and V6 in 
adults. 
4. Normal R peak time in leads V5 and V6 but > 50 ms in lead V1.

Incomplete RBBB is defined by QRS duration between 110 and 120 ms in 
adults, between 90 and 100 ms in children between 8 and 16 years of age, 
and between 86 and 90 in children less than 8 years of age.
Other criteria are the same as for complete RBBB. The ECG pattern of 
incomplete RBBB may be present in the absence of heart disease, parti-
cularly when the V1 lead is recorded higher than or to the right of normal 
position and r’ is less than 20 ms.

A transient form of RBBB may be observed in patients with premature atrial con-
tractions (Ashman phenomenon) or supraventricular tachycardia (rate depen-
dent functional right bundle branch block). This occurs when an early impulse is 
conducted from the atrioventricular node to the His bundle while the right bundle 
branch but not the left bundle branch is still refractory. Conduction down the right 
bundle branch is therefore delayed or blocked, resulting in a transient RBBB.
The right bundle branch is a superficial and fragile structure on the right side of 
the septum. Thus, the right bundle branch may be traumatized and transiently 
blocked during any form of right heart catheterization.

RBBB is a conduction disorder seen in the mid- or late portion of the QRS complex. 
Thus, initial septal q waves (not more than 0.02 s) are seen in the left lateral leads. 
Only the first 60–80 ms of the QRS complex corresponds to LV activation. There-
fore, analysis of the frontal plane axis should be done by using only the initial portion 
of the QRS. 
The frontal plane axis is usually normal. A frontal plane axis of –30° or more superior 
almost always indicates associated left anterior hemiblock. Right axis deviation 
may be caused by a variety of conditions which have to be ruled out before making 
a diagnosis of associated left posterior hemiblock.
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Sequence of Left
Ventricular 

Depolarization
Left
Posterior
Fascicle

Left
Anterior
Fascicle

Right 
Bundle
Branch

Site of LBBB :
main trunk or block 
of both left fascicles

1 12 2

V6V1

LV
RV

2
2
2

2
2
2

1
1

1
1
1

Vectors of RV depolarization
are not depicted as they have

nearly no influence on the QRS

LBBB is a conduction disorder that alters the initial forces of the QRS 
complex. Consequently LBBB may mask the electrocardiographic ma-
nifestations of conditions affecting the initial part of the QRS complex 
such as the Q waves of myocardial infarction.
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Is complete LBBB overdiagnosed? This issue is important in the selection of heart  
failure patients for cardiac resynchronization implantable devices.
Stricter criteria have been proposed for complete LBBB that include a QRS duration  
≥ 140 ms for men and ≥ 130 ms for women, QS or rS in leads V1 and V2, and mid- 
QRS notching or slurring in 2 leads of V1, V2, V5, V6, I, and aVL.

1. QRS duration between 110 and 119 ms in adults (between 90 and 100 ms 
in children 8 to 16 years of age, and between 80 and 90 ms in children less 
than 8 years of age).
2. Presence of left ventricular hypertrophy pattern.
3. R peak time greater than 60 ms in leads V4, V5, and V6.
4. Absence of q wave in leads I, V5, and V6.

Incomplete LBBB

Complete LBBB – Criteria
1. QRS duration ≥ 120 ms in adults, > 100 ms in children 4 to 16 years of age, 
and > 90 ms in children less than 4 years of age.
2. Broad notched or slurred R wave in leads I, aVL, V5, and V6 and an 
occasional RS pattern in V5 and V6 attributed to displaced transition of QRS 
complex (or incorrect lead placement).
3. Absent q waves in leads I, V5, and V6, but in lead aVL, a narrow q wave may 
be present in the absence of myocardial pathology.
4. R peak time > 60 ms in leads V5 and V6 but normal in leads V1, V2, and V3.  
The latter exhibit either a small initial r wave or a QS complex.
5. ST and T waves usually opposite in direction to QRS.
6. Positive T wave in leads with upright QRS may be normal (positive concor-
dance).
7.  Depressed ST segment and/or negative T wave in leads with negative QRS 
(negative concordance) are abnormal.
8. The appearance of LBBB may change the mean QRS axis in the frontal plane 
to the right, to the left, or to a superior site, and in some cases in a rate-
dependent manner.

r

Lead V1 Lead V6

ORQS no r small r
Normal LBBB LBBB

q no q
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LBBB

Right-sided
precordial

lead V1

Left-sided
precordial

lead V6

LEFT-HAND
SIDE BLOCKED

R R’
r

S S’

Typical

BBBR

Typical

BBBL OR

Lead V1 Leads I - V6

LBBB

Initial septal vector is abnormal
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Lead V1 shows the typical pattern of RBBB.
Note the wide but shallow terminal S wave in leads I and V6.

LBBB versus RBBB

RBBB

r

s

R’ R

q s

Right-sided
precordial

lead V1

Left-sided
precordial

lead V6

RIGHT-HAND
SIDE BLOCKED

RBBB

An upright (positive) wide QRS complex in V1 clinches the diagnosis of RBBB. 
Occasionally RBBB does not produce a dominant R wave in V1. RBBB may then 
be recognized in V1 by an rSr’ pattern, where the r’ deflection is typical of a right-
sided conduction delay or block.
If V1 is negative (and without an rSr’ complex), the disorder is either LBBB or a 
nonspecific intraventricular conduction disorder. The next step is to look for the 
typical LBBB configuration in the left-sided leads.

Initial septal vector is normal

I

V1

V6
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RV
LV

LEFT ANTERIOR HEMIBLOCK 

Superior

Inferior

LeftRight

Initial depolarization with LAH 
(short-axis view of the heart)

Left Anterior
Fascicular Block 

anterior papillary
muscle of the
mitral valve

posterior papillary
muscle of the
mitral valve

anterior papillary
muscle of the

tricuspid valve

Left
Anterior
Fascicle

LAH

      LEFT ANTERIOR HEMIBLOCK
1. Frontal plane axis between –45° and –90°.
2. qR pattern in lead aVL.
3. R peak time in lead aVL of 45 ms or more.
4. QRS duration < 120 ms.

WARNING !
1. Low r waves in V1 to V3 (delayed transitional zone) may cause the erroneous 
diagnosis of anteroseptal myocardial infarction.
2. Because the initial vector points inferiorly and to the right, V2 and V3 may exhibit 
micro q waves simulating an anteroseptal myocardial infarction. These q waves occur 
in a small portion of patients and disappear with recording V2 and V3 one intercostal 
space lower.
3. The small inferior r waves differentiate LAH from an inferior myocardial infarction 
(although the two may coexist).

The left anterior fascicle crosses the LV outflow tract and terminates in the Purkinje system of the  
anterolateral wall of the LV. In “Left Anterior Hemiblock” (LAH), which is also known as “Left  
Anterior Fascicular Block” (LAFB), the impulse spreads first through the left posterior fascicle,  
causing a delay in activation of the anterior and lateral walls of the LV which are normally activated  
via the left anterior fascicle. The main vector moves superiorly and anticlockwise. Thus, the peak  
of the terminal R wave in aVR occurs later than the peak of the R wave in aVL.

In LAH the inferior LV is activated first, giving rise to septal q waves in leads I and aVL and small  
initial r waves in leads II, III, and aVF. The R wave in I and aVL may be tall. The delayed and  
unopposed activation of the rest of the LV produces a shift in the QRS axis leftward and superiorly,  
causing a marked left axis deviation. This process takes about 20 ms longer than simultaneous  
activation by the 2 fascicles on the left side. This results in a QRS duration which is either normal or  
slightly prolonged but < 0.12 s.
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LEFT ANTERIOR HEMIBLOCK 

Projections of the main vector VM

0°

-30°

-60°
-90°

-120°

-150°

-180°
+180°

60°

90°
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aVL

aVLaVR

aVF

VM

II

II

-II

III

-III

VI

I
R

q

II r

S

IIIr

S

FRONTAL
LEADS

 

 

VM (Main Vector)

(Initial Vector)

Quick diagnosis of LAH: lead I is predominantly positive, but leads II 
and III are predominantly negative and QRS < 0.12 s.

FRONTAL PLANE
VECTORS
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LEFT POSTERIOR HEMIBLOCK 

RV
LV

Superior

Inferior

LeftRight

Left Posterior
Fascicular Block 

anterior papillary
muscle of the
mitral valve

posterior papillary
muscle of the
mitral valve

anterior papillary
muscle of the

tricuspid valve

Left
Posterior
Fascicle

LPH

LEFT POSTERIOR HEMIBLOCK
1. Frontal plane axis between 90° and 180° in adults. Owing to the more 

rightward axis in children up to 16 years of age, this criterion should only be 
applied to them when a distinct rightward change in axis is documented.

2. rS pattern in leads I and aVL.
3. qR pattern in leads III and aVF
4. QRS duration < 120 ms.

WARNING !
There are a number of settings which may produce ECG findings similar to LPH which 
is a diagnosis of exclusion.
1. The diagnostic criteria apply only in the absence of other causes for right axis 

deviation such as right ventricular hypertrophy or lung disease with cor pulmonale.
2. A high lateral or anterolateral myocardial infarction can mimic LPH. With an infarct, 

however, the initial r wave in leads I and aVL is absent and only a Q wave is seen.
3. The deep terminal S wave in leads I, aVL, V5 and V6 in RBBB should not be mistaken 

for right axis deviation because these S waves reflect delayed right ventricular 
activation, not left ventricular forces.

4. The small q waves in the inferior leads in LPH may cause confusion with an inferior 
wall myocardial infarction.

Initial depolarization with LPH
(short-axis view of the heart)

Left
Posterior
Fascicle

The left posterior fascicle courses along the inflow tract of the LV a site less turbulent than the site of  
the left anterior fascicle. “Left Posterior Hemiblock” (LPH) is rare as an isolated abnormality and it  
usually occurs together with right bundle branch block. The ECG manifestations of LPH are 
opposite to those of LAH. The cardiac impulse emerges from the unblocked left anterior fascicle 
and spreads superiorly and leftward. This causes small q waves in leads II, aVF and III, and small r  
waves in I and aVL. The major wave of depolarization then spreads in an inferior and rightward  
direction (in areas normally activated by the left posterior fascicle) generating tall R waves in the  
inferior leads and large negative voltages (deep S waves) in the lateral leads I and aVL. This leads 
to the characteristic rightward axis of +90° to +180°. As with LAH the QRS complex may be normal  
in duration or increased by < 20 ms. The precordial leads do not contain any diagnostic data.
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II R

q

IIIR

q

I r

S

LEFT POSTERIOR HEMIBLOCK 

FRONTAL 
LEADS

Projections of the main vector VM

0°-180°
+180°

30°

60°

90°
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150°
VM

 R in lead III > R in lead aVF > R in lead II

S in lead aVL > S in lead I

aVF

aVF

I
-I

II

II

III

III

-30°
aVL

-aVL

(Initial Vector)
(or Septal Vector)

(Main Vector)

FRONTAL PLANE
VECTORS

The initial forces oriented 
superiorly and to the left are 
caused by early activation 
of the anterolateral wall of 
the left ventricle. These 
forces are responsible for 
the small r waves in leads I 
and aVL and the small q 
waves of leads II, III, and aVF.  



116

0°

-30°

-60°
-90°

-120°

-150°

-180°
+180°

30°

60°

90°
120°

150°

I

I

II

II

III

III

aVLaVR

aVF

aVF

VI

VM

LAH

0°

-30°

-60°
-90°

-120°

-150°

-180°
+180°

30°

60°

90°
120°

150°

aVLaVR

VI

VM

LPH

LAH versus LPH

For both LAH & LPH: QRS duration < 120 ms
LAH and LPH are mirror images of each other

I aVR

II aVL

III aVF

I aVR

II aVL

III aVF

positive lead I

negative lead III

negative lead I

positive lead III
V  : initial vector
V   : main vector

i
M

In uncomplicated LAH, the r wave 
in lead II ≥ than the r wave in III.
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LAH

LPH

LAH versus LPH
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RIGHT BUNDLE BRANCH BLOCK

RBBB & LAH

RBBB & LPH

The tracing shows the typical pattern of RBBB. Looking at an upright QRS complex in lead I and a  
downward QRS complex in lead III raises the possibility of left axis deviation. Then, by looking at  
lead II with an rS and a deeply negative QRS complex, the frontal plane axis must be more negative  
than −45°, a finding consistent with LAH. This ECG therefore shows bifascicular block.

The tracing shows the typical pattern of RBBB. Looking at an upright QRS complex in lead II and III  
and a downward QRS complex in lead I immediately indicates the presence of right axis deviation 
compatible with the diagnosis of additional LPH (and thus bifascicular block), provided all other 
causes of right axis deviation are ruled out.
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In the normal heart, a very premature impulse arriving in the ventricles may exhibit aberrant 
conduction or functional bundle branch block (BBB). An early atrial premature beat may traverse 
the AV node and then encounter a still refractory bundle branch. The beat is then conducted with 
functional BBB (usually right BBB because the right bundle branch has a longer refractory period 
than the left bundle branch). Such aberrant conduction may also occur with fast supraventricular 
tachycardias. The combination of a long RR interval and then a following short interval may lead to 
aberrant ventricular conduction as seen in atrial fibrillation (Ashman phenomenon).
Tachycardia dependent BBB is abnormal and occurs at relatively slower rates than those as-
sociated with functional aberrancy. This form of His-Purkinje block is called phase 3 block because
it occurs during phase 3 of the action potential. The abnormal bundle branch has a prolonged 
refractory period that allows a critical cycle length to encroach on it. The critical rate at which BBB 
occurs may be relatively slow or fast if BBB occurs as a result of exercise. Normal conduction 
returns at a slower rate. In some cases normalization of intraventricular conduction occurs at an RR 
interval significantly longer than the RR interval which initiated BBB. This rate discrepancy is 
usually due to reset of the refractory periods from retrograde invasion of the blocked bundle branch
coming from the activation of the unaffected bundle branch.
Bradycardia dependent BBB or phase 4 block is rare and due to disease in the His-Purkinje system. 
Abnormal His-Purkinje cells may acquire the property of spontaneous phase 4 depolarization. 
During a long pause, the site of the diseased His-Purkinje abnormality continues to depolarize and 
becomes less responsive to subsequent impulses which are then blocked.

Simultaneous recording of leads V1 and V2. There is intermittent sinus arrest. The pause is 
terminated by a sinus beat conducted to the ventricle with left bundle branch block (LBBB). This is 
known as phase 4 block because it is believed that the block is due to spontaneous depolarization. 
This form of conduction block is not due to excessive vagal tone.

V1

V2

PHASE 3 AND PHASE 4 BLOCKS

Normal HPS

Diseased HPS

in LBB

BBlloocckk

Phase 4

Phase 4

Spontaneous 

depolarization

Action potentials in the normal and diseased His-Purkinje system (HPS)
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COrONarY arterY DISeaSe  
aND aCUte COrONarY  

SYNDrOMeS

* Electrophysiologic concepts of ischemia
* ST segment and T wave changes during ischemia
* Coronary artery disease and acute coronary syndromes
* Pathophysiology of acute coronary syndromes
* Common causes of myocardial infarction
* Manifestations of acute ST elevation MI
* Reciprocal changes in ST elevation MI
* ST elevation MI vs early repolarization
* Q waves in ST elevation MI
* Conditions that mimic MI
* T waves in ST elevation MI
* Right-sided leads and right ventricular infarction
* Non-STEMI and unstable angina
* ST segment depression
* Other features – poor R wave progression; persistent ST elevation
* Reperfusion
* Takotsubo cardiomyopathy
* Localization of STEMI
* Myocardial infarction and bundle branch block
* Diagnosis of MI during pacing
* Arrhythmias in acute myocardial infarction
* Diagnosis of coronary artery disease – exercise testing
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ORIGIN OF ISCHEMIC VECTORS 

ischemic tissue is
more repolarized
i.e. more negative

ischemic tissue is
more depolarized
i.e. less negative

Ischemic Normal

- 60 mV - 90 mV

+++++++ + + +

Diastolic vector
(Extracellular)

During diastole (phase 4) the
 inside of ischemic cells is 
less negative than the inside 
of normal cells. Hence, the
outside of the ischemic cells
is less positive in relation to 
normal cells.

Ischemic Normal

- 15 mV    0 mV

+ + 

Systolic vector
(Extracellular)

During systole (phases 1, 2, 3)
the inside of ischemic cells is 
more negative than the inside 
of normal cells. Hence, the
outside of the ischemic cells
is more positive in relation to 
normal cells.

NORMAL
ECG

ELECTROPHYSIOLOGIC CONCEPTS
OF ISCHEMIA 1
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ISCHEMIA DURING DIASTOLE
When a region of the heart becomes ischemic it loses its ability to maintain ionic pumps and the cells  
become depolarized. During diastole the transmembrane potential of ischemic cells becomes less  
negative than that of the surrounding normal tissue. As a consequence, during diastole, their outside  
surface is less positive relative to nonischemic cells. Hence, during phase 4 of the action potential  
(corresponding to the segment between the T wave and the next Q wave) an “ischemic voltage  
vector during diastole” is created directed from the less positive ischemic area towards the  
relatively more positive normal myocardium. A surface electrode placed over the ischemic zone will  
record a shift of the segment between T wave and next Q wave in the direction of the diastolic  
ischemic vector (i.e. positive if this vector points toward the electrode).

less
positive

more
positive

outside cells outside cells

inside
ischemic

cells

inside
normal
cells

ischemic
cells

normal
cells

Current of injury

Many books describe the mechanism of ST shift in terms of “current of injury” 
pointing to the ischemic region (during diastole) or pointing away from the 
ischemic zone (during systole). This is not correct because the ECG leads only 
record voltages (or potentials). Conventional electrical current flows from 
positive to negative zones and cannot be determined clinically by ECG.
The ST shift should be described in terms of ischemic voltage vectors!

-60 mV -90 mV

Ischemic vector

the difference is
a voltage source

acting as a battery

represented by
a vector

EXAMPLE (not actual values)

+ 2 mV + 5 mV

(+ 5 mV) - (+ 2 mV) = 3 mV

3 mV

This is a note for electricians
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less
positive

more
positive

outside cells outside cells

inside
ischemic

cells

inside
normal
cells

-15 mV 0 mV

Ischemic vector

the difference is
a voltage source

acting as a battery

represented by
a vector

EXAMPLE (not actual values)

+ 2 mV + 0 mV

(+ 2 mV) - (+ 0 mV) = 2 mV
2 mV

For a normal healthy heart the baseline is also the “zero-voltage line”

time

baseline = zero-voltage line

 
 The line through the flat segments of the ECG is called the 

“baseline” and is used as a reference for measuring amplitudes.

Note: the real zero-voltage line is not seen on real ECGs ! An accepted zero level can be
established on the ECG machine.

P

Q

R
T

S
systole diastole

ELECTROPHYSIOLOGIC CONCEPTS
OF ISCHEMIA 2

ISCHEMIA DURING SYSTOLE
Ischemia also decreases the rate of rise and the amplitude of phase 0 of the action potential and  
shortens its duration resulting in a faster and earlier repolarization of ischemic cells. Therefore,  
during systole the interior of ischemic cells becomes more negative causing their outside to become  
more positive relative to nonischemic cells. Again, a voltage difference is created between the  
surroundings of ischemic cells and those of healthy cells. This voltage difference can be symbolized  
by an “ischemic voltage vector during systole” pointed from normal towards ischemic myo- 
cardium. Since this situation occurs as well during the ST segment as during the T wave (i.e. during  
repolarization of the cells) both will be affected by the systolic voltage vector. A surface electrode will  
record an ST shift in the direction of the systolic vector and sometimes tall (or hyperacute) T waves  
may be reigstered.
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1. The shift of the ST segment, due to the combined action of both the systolic 
and the diastolic vectors, is always directed from normal towards ischemic 
tissue. 
2. The ST elevation or ST depression depends upon the position of the 
electrode (or lead) with respect to the ischemic zone.

With subendocardial ischemia

With subepicardial ischemia

Diastolic
vector

Diastolic
vector

Systolic
vector

Systolic
vector

Elec-
trode

Elec-
trode

time

time

time

time

Old 
baseline

New 
baseline

New 
baseline

New 
baseline

New 
baseline

INFLUENCE OF ISCHEMIA ON THE ECG – EXAMPLES

upward
shift

upward
shift

downward
shift

downward
shift

TOTAL SHIFT OF THE ST SEGMENT
Since the systolic vector and the diastolic vector work in opposite directions, their effect is  
cummulative and the apparent shift of the ST segment consists of the sum of both diastolic  
and systolic shifts.
However, as the assumed new baseline coincides with the position of the diastolic shift of  
the TQ segment, only the resulting global or apparent shift of the ST segment is seen on  
the ECG. This apparent shift is always in the direction of the systolic vector, i.e. from normal  
healthy tissue towards ischemic tissue (or from less ischemic towards more ischemic  
tissue).

*  Note: for clarity the T-P, P-Q and Q-T are depicted as flat (isoelectric) although they are often 
curved (convex or concave).

Rules to remember



128

Although the cars are moving in opposite directions, their headlights are 
pointing in the same direction. In a normal healthy cell depolarization and 
repolarization are also propagating in opposite directions, but their volt-
age vectors are both pointing towards the positive pole of the voltmeter 
(or ECG recorder) resulting in the same deflection.

time time

T WAVE CHANGES DURING ISCHEMIA 1

propagation of
depolarization

wavefront

voltage
vector

voltage
vector

positive 
pole of
voltmeter

propagation of
repolarization

wavefront

positive 
pole of
voltmeter

forwards driving car backwards driving car

In both cases a
positive voltage
is measured by
the voltmeter

ANALOGY
In both cases

light is 
projected

on the wall

Voltage vector is
pointing towards 
the positive pole 
of the voltmeter
(or ECG device)

0

0

DEPOLARIZING CELL
REPOLARIZING CELL

QRS T wave
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B. SUBENDOCARDIAL ISCHEMIA

Elec-
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ENDO EPIdirection
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direction
repolar.

+

+

-

- time

Inverted T wave

time

time
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Transmembrane
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- 90 mV

0 mV
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+

+

-

-

A. NORMAL T WAVE

time

Normal T wave

time

time

Endo

Epi

Transmembrane
action potentials

ECG (lead II)

- 90 mV

0 mV

T

T

Depolarization in normal healthy myocardium starts at the endocardium. However, as  
the action potential duration (APD) is shorter in the epicardial cells, repolarization  
starts in the epicardium and the direction of repolarization goes from epicardium to  
endocardium. Although the directions of depolarization and repolarization are each  
opposite, the voltage vector (from negative tail to positive head) is oriented towards the  
epicardium. Therefore, an electrode located at the epicardium will record a positive QRS  
complex as well as a positive T wave.
In a normal heart the T wave and the QRS complex are concordant.

During subendocardial ischemia the duration of the endocardial action potential  
becomes shorter than the epicardial action potential. Depolarization starts in the  
endocardium as normal but as the endocardium repolarizes first, repolarization will  
occur earlier than in the epicardium. Both depolarization and repolarization  
directions are oriented from endo- to epicardium. The voltage vector, however, is  
oriented away from the epicardium and therefore an electrode positioned over the  
epicardium will record a negative T wave.
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Elec-
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Hyperacute T wave

time

Hyperacute T wave

time

time
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Epi

Transmembrane
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T

T WAVE CHANGES DURING ISCHEMIA 2
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Transmural Ischemia (later stage)
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T

C. TRANSMURAL ISCHEMIA
During transmural ischemia the action potential duration (APD) of both the endocardial and the  
epicardial cells of the wall shortens. However, the electrophysiologic changes are most prominent  
in the subepicardium. Subepicardial cells have the highest ATP(*) sensitive potassium channels.  
Due to the high ATP concentration inside the cells of normal myocardium, these potassium  
channels are closed. However, they open when the intracellular ATP decreases during ischemia.  
This leads to an outward movement of potassium ions resulting in an increase of extracellular  
potassium. (*) ATP: adenosine triphosphate

During the hyperacute phase of ischemia – that is seldom recorded on ECG – the subepicardial  
action potential duration (APD) becomes shorter than in normal myocardium. Therefore  
repolarization starts earlier in the epicardium resulting in an earlier inscription of the T wave. The  
ascending limb of the T wave will come closer to the QRS complex. The increased speed of  
repolarization of phase 3 causes a tall T wave while the larger difference between the endo- and  
epicardial APD is responsible for the broadening of the T wave. The T wave is positive as the  
voltage vector is oriented towards the epicardium.
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Normal
Hyperacute

T wave
Progressive

ST segment elevation

Loss of R wave
forming of Q wave T wave inversion

T wave normalization
permanent Q wave

Minutes
later on

Before
ischemia

Minutes to 
hours later

Hours to
days later

Days
later

Days, weeks,
months later

Very soon after the hyperacute phase – but still during the acute phase – the speed of depolarization  
of phase 0 decreases and transmural conduction slows. Depolarization starts in the suben- 
docardial cells but due to the slow conduction from endo- to epicardium, the subepicardium  
having an even shorter APD depolarizes and repolarizes later than the endocardium. The  
direction of both depolarization and repolarization is the same from endo- to epicardium. How- 
ever, the voltage vector is directed away from the epicardium during repolarization causing a  
negative T wave. QRS complex and T wave become discordant.

The heart is a complex organ with a multitude of cells with different properties. More- 
over a lot of cells are involved in an ischemic zone. It follows that the explanation of the  
T wave by two cells (endocardial and epicardial action potentials) is only a good  
approximation to understand ischemia and myocardial infarction.

The conduction speed of the repolarization depends on several factors. Therefore, the  
shift of epicardial transmembrane action potentials with respect to the endocardial  
action potentials is patient dependent as well as time dependent and so is the T wave.
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CORONARYARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 1

 

Left Coronary 
Artery (LCA)

Right Coronary 
Artery (RCA)

Left Circumflex 
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Left Anterior
Descending 
Artery (LAD)

AORTA

Fig. 1

CORONARY ARTERY DISEASE
It is well known that the sensitivity of current 12-lead ECG criteria is poor for detecting acute  
myocardial infarction (MI). There are three reasons for this. 1. The infarct may be too small. 2. The  
location of the MI might not be seen by a 12-lead ECG due to its limited coverage of the precordium.  
3. The location of ischemia in acute infarction might be “seen” by the 12-lead ECG as ST depression  
when it should in fact be considered “ST elevation equivalent” exemplified by lead –aVR. Lead aVR  
may show ST depression but lead –aVR (– aVR or minus aVR is an inferolateral lead) may show ST  
elevation usually in association with ST elevation in leads II, III, and aVF in an inferior wall MI.

The number of leads used and the electrode placement in a standard ECG have remained the same  
for over half a century though the technology of ECG recording has made great progress. Many  
alternative lead systems have been proposed to enhance the diagnostic ability of the ECG, but  
these additional leads have not become popular because the standard 12-lead ECG is so well  
established.

Acute coronary syndrome is a term used for any condition brought on by sudden, reduced blood  
flow to the heart (Fig. 2). The term includes acute myocardial infarction (MI) which refers to two  
subtypes of acute coronary syndromes, namely non-ST-elevated MI and ST-elevated MI, which are  
most frequently (but not always) a manifestation of coronary artery disease. The absence of MI  
defines unstable angina as the third component of acute coronary syndromes. The acute coronary  
syndromes account for over 1.5 million hospital admissions in the US (Fig. 3).
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Fig. 3
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CORONARY ARTERY DISEASE AND

ACUTE CORONARY SYNDROMES 2

Fig. 4
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Most cases of acute myocardial infarction (AMI) are

due to the formation of an occluding thrombus on

the surface of an atheromatous plaque.

PATHOPHYSIOLOGY of ACUTE CORONARY SYNDROMES
Plaques in atherosclerosis consist of gradual buildup of cholesterol and fibrous tissue in the wall of 
arteries. Slowly developing, high-grade coronary artery stenoses usually do not precipitate acute 
myocardial infarction (MI) because of the development of a rich collateral network over time. 
Instead, acute coronary syndromes occur when a coronary artery thrombus develops rapidly at a 
site of vascular injury. Histologic studies indicate that the coronary plaques prone to rupture are 
those with a rich lipid core and a thin fibrous cap.
The 3 components of acute coronary syndrome share the same mechanism based on rupture of an 
unstable plaque (with erosion of the fibrous cap) in a large epicardial coronary artery. Thrombus 
formation either partially or completely occludes the coronary artery (Fig. 4).

The degree of thrombotic occlusion of an unstable and disrupted plaque defines which of the 3
acute coronary syndromes will occur clinically. With a major or complete thrombotic obstruction
some of the heart muscle cells begin to die if the blood clot persists for more than just a few minutes.
The death of heart muscle is what defines an MI. The diagnosis of MI is made by the presence of
cardiac biomarkers in the blood such as troponin. When a patient presents with a potential acute
coronary syndrome, the ECG findings are immediately used to classify the patient into one of the
three groups selected to determine the most appropriate diagnostic and management strategies
(Fig. 5).

After the onset of myocardial ischemia, cell death is not immediate but takes a finite period to
develop. Necrosis starts after about 20 minutes. Complete necrosis of myocardium at risk requires
at least 2-4 hours or longer depending on the collateral circulation, the sensitivity of the myocytes to
ischemia and preconditioning. The latter refers to a greater resistance to ischemia acquired from
repeated episodes of reversible ischemia that occurred before MI.
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COMMON CAUSES OF MYOCARDIAL INFARCTION

OLD TERMINOLOGY OF MI

* Rupture of an atheromatous plaque.
* Vasospasm (including cocaine).
* In-stent thrombosis (early).
* In-stent fibrosis (late).
* Coronary artery surgery (poor surgical technique).

The terms transmural and nontransmural (subendocardial) MI are no longer used because ECG 
findings in patients are not closely correlated with pathologic myocardial changes. Therefore, a 
transmural MI may occur in the absence of Q waves in the ECG, and many Q-wave MIs may be 
subendocardial, as noted pathologically. It should be noted that the term “subendocardial” can be 
rightfully used to describe subendocardial ischemia which occurs in non-STEMI or unstable angina 
(Fig. 6).

Fig. 5 Nomenclature of acute coronary syndromes

ACUTE CORONARY SYNDROME

No ST segment elevation ST segment elevation

Unstable
angina

Myocardial Infarction

Non-Q-wave
MI Q-wave MI

NSTEM
I STEMI

The ECG in acute MI is quite variable. It is related
to size, location and rapidity of reperfusion (if any).

Patients with ischemic discomfort may present with or without ST-segment elevation on the 
ECG. The majority of patients with ST-segment elevation (large arrow) ultimately develop a 
Q-wave MI, whereas a minority (small arrow) develop a non-Q-wave MI. Patients who 
present without ST-segment elevation are experiencing either unstable angina or an non-ST- 
segment elevation myocardial infarction (NSTEMI). The distinction between these 2 
diagnoses is ultimately made by the presence or absence of a cardiac biomarker detected 
in the blood. Most patients with NSTEMI do not develop a Q wave on the 12-lead ECG and 
are subsequently referred to as having sustained a non-Q-wave MI; only a minority of 
NSTEMI patients develop a Q wave and are later diagnosed as having Q-wave MI. Not 
shown is Prinzmetal’s angina considered to be due to coronary artery spasm. It presents with 
transient chest pain and ST-segment elevation but rarely MI. The spectrum of clinical 
conditions that range from unstable angina to non-Q-wave AMI is referred to as acute 
cardiac syndromes.
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MANIFESTATIONS OF ACUTE ST ELEVATION MI
ST elevation MI (STEMI) occurs when a coronary artery is completely blocked, so that a large pro- 
portion of the heart muscle being supplied by that artery becomes damaged or necrotic. The patient  
with STEMI has (1) cardiac chest pain; (2) serologic evidence of myonecrosis (i.e. elevation of  
serum troponin or creatine kinase MB isoenzyme concentration); and (3) persistent (> 20 mins) ST  
segment elevation. In a patient without chest pain, ST-segment elevation incidentally noted,  
suggests the presence of a nonischemic cardiac condition. When the ECG identifies a STEMI, the  
diagnosis dictates the need for immediate reperfusion therapy for an optimal outcome. The  
potential size of an STEMI and the amount of myocardium at risk can be estimated by the larger  
number of ECG leads with ST-segment elevation. If ST elevation involves many leads, extensive  
ST elevation (if a large proximal coronary artery is involved) correlates with a higher mortality. 

Hyperacute T wave changes
The earliest manifestation of acute MI is the hyperacute T wave, which is treated in the same way as  
ST-segment elevation. It only exists for 20–30 minutes after the onset of MI and represents  
transmural ischemia before the beginning of necrosis. Hyperacute T waves must be differentiated  
from the peaked T waves seen with hyperkalemia. Such T waves are often asymmetric with a broad  
base. Because of the rapid progression from the hyperacute T wave to frank ST elevation, most  
ECGs fail to show this pattern and patients usually present with significant ST-segment elevation.

Current of injury: ST-segment elevation
Under normal conditions, the ST segment is usually isoelectric (flat along the baseline) because  
normal myocardial cells attain the same potential during repolarization. Ischemia causes complex  
time-dependent effects on the electrophysiology of myocardial cells. Severe acute ischemia lowers  
the resting membrane potential and shortens the duration of the action potential in the ischemic area,  
and also decreases the rate of rise and amplitude of phase 0. These changes generate a voltage  
gradient between normal and ischemic zones, causing a current-flow of injury between these  
regions. This voltage difference is represented on the surface ECG by elevation of the ST segment.

CORONARY ARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 3
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Fig. 6

The prognosis of STEMI depends on the size of the MI,
the site and timely medical therapy
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ECG manifestations of acute myocardial ischemia (in absence
of left ventricular hypertrophy and left bundle branch block)
(Current guidelines as accepted by ESC/ACCF/AHA/WHF, 2012)

New ST elevation at the J-point in two contiguous leads with the 
cut-points:  ≥ 0.1 mV in all leads other than leads V2 and V3 where 
the following cut-points apply: ≥ 0.2 mV in men ≥ 40 years; ≥ 0.25 
mV in men < 40 years; or ≥ 0.15 mV in women.

Acute MI is not the most common cause of ST-segment elevation in 
chest pain patients. So-called ECG mimics of acute MI include left 
ventricular hypertrophy, left bundle branch block, paced rhythm, 
early repolarization, pericarditis, hyperkalemia, and left ventricular 
aneurysm.

P P P
P P P

Q Q Q Q
1 3 4 5 62 Q Q

R R R R R R

S

ST ST ST
T

T T

Fig. 7

Evolution of STEMI: (1) Normal ECG. The q wave originates from septal depolarization and is 
normal in this particular lead. (2) STEMI with ST elevation. No distinct T wave is seen. There is no 
increase in the amplitude of the q wave. (3) A deep Q wave has developed and T wave inversion 
appears with persistence of the elevated ST-segment. (4) Inverted T wave is more prominent but 
ST elevation is less prominent. (5) ST elevation has disappeared and there is now obvious T 
wave inversion. (6) Pattern of old myocardial infarction after more than 1–2 weeks. Note that a q 
wave appears relatively early in 2 and increases in amplitude thereafter. The Q wave remains 
indefinitely in most patients.

ECG diagnosis of STEMI

The ST-segment elevation must be present in anatomically contiguous leads (I, aVL, V5, V6  
correspond to the lateral wall; V1 to V4 correspond to the anterior wall; II, III, aVF correspond to the  
inferior wall). The ECG from the acute phase contains important information about the site and the  
size of the area at risk. Like STEMI, new onset left bundle branch block is also considered an  
indication for urgent revascularization.

The evolution of a STEMI may take different pathways. In most cases without reperfusion therapy,  
the ST elevation resolves in 7–12 hours and the T wave becomes inverted, usually with the de- 
velopment of pathologic Q waves depending on the resulting amount of necrosis (Fig. 7). Even  
normalization of the ECG is possible after a short episode of vessel occlusion (with spontaneous  
recanalization) as is the case in aborted thrombotic MI or vasospastic (Prinzmetal) angina.
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ECG diagnosis of ST elevation MI : “concave” versus “convex” ST elevation

ECG diagnosis of STEMI : “tombstoning”

It is commonly taught that the elevated ST-segment configuration which is convex (looking from  
above the ECG) or straight is more specific for an STEMI than one with ST elevation displaying a  
concave morphology. It is also believed that STEMI is less likely if the upward-directed ST-segment  
changes are concave rather than convex. However, concave morphology of ST elevation in the  
anterior leads does not exclude STEMI. A concave morphology in STEMI may evolve into a convex  
pattern. A convex morphology is 97% specific for STEMI.

It appears that tombstoning ST elevation is caused by sudden occlusion of a coronary artery  
supplying a large area of unprepared myocardium, i.e. myocardium not protected by collaterals or  
ischemic preconditioning. This results in complete transmural injury rapidly progressing to  
complete MI with the characteristic tombstone ECG pattern.

Patients with ST elevation in in one territory often have ST depression in other territories. The ad- 
ditional ST deviation may represent ischemia in a myocardial region other than the area of  
infarction or may represent pure reciprocal changes. Reciprocal change refers to ST-segment  
depression in leads that are 180 degrees (or nearly 180°) opposite to those that are exhibiting ST  
elevation. Also, reciprocal change does not describe ST-segment depression related to altered  
depolarization as seen in patients with left bundle branch block (LBBB) or left ventricular hyper- 
trophy (LVH). Therefore, the definition includes the absence of confounding ECG patterns (LVH,  
LBBB, or ventricular paced rhythm).

Most of the common patterns of remote ST depression probably represent reciprocal changes and  
not “ischemia at a distance”. In patients with inferior STEMI, ST depression in lead aVL is a pure  
reciprocal change and is found in almost all patients, a minor ST depression may even be seen in  
lead I (Fig. 10). ST depression in leads V1 to V3 in inferior MI probably does not represent “ischemia  
at a distance”, but rather reciprocal changes due to more posterior, inferoseptal, apical, or lateral  
left ventricular inivolvement. Reciprocal ST-segment depression can therefore occur in the setting  
of a large amount of myocardium at risk with extensive ST elevation. In contrast, among patients  
with inferior STEMI, ST depression in leads V4 to V6 is associated with concomitant left anterior  
descending coronary artery stenosis or three vessel disease. Thus, presence of an atypical  
pattern of ST depression, and especially ST depression in leads V4 to V6 in inferior STEMI may  
signify “ischemia at a distance”.

Tombstoning ST elevation MI is a STEMI with a special form of  
ST elevation. This MI is associated with extensive myocardial  
damage, reduced left ventricular function, serious hospital  
complications and poor prognosis. The peak of the ST  
segment attains the level of the R wave or may even be higher  
than the R wave. The ST segment merges with the T wave.  
Thus, ST segment elevation surpassing the R wave exhibits a  
morphological appearance that reminds of a tombstone (Fig.  
8). The QRS, ST-segment and T wave all blend together to  
form a large monophasic complex similar to that of an action  
potential. Tombstoning is not rare and more common in  
anterior MI.

RECIPROCAL CHANGES IN ST ELEVATION MI

CORONARYARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 4

 

Fig. 8
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Since there are no posterior electrodes in a standard 
12-lead ECG, the diagnosis  of posterior MI 

is dependent upon ST depression in anterior leads.
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Incomplete opposition should be sufficiently
close to true opposition to yield significant
ST depression.

As pointed out in the previous chapter  
about “Electrophysiologic Concepts” the  
amplitude and the duration of action po- 
tentials in ischemic tissue are smaller than  
those in normal healthy tissue. Ischemic  
tissue is partially depolarized and therefore  
it is negative in relation to surrounding 
normal tissue during the repolarization of 
myocardial tissue. Consequently, a poten-
tial difference is created represented by the 
ischemic vector during systole. This is seen  
on the ECG as an elevation of the ST 
segment.

In patients with an inferior STEMI the ischemic vector during systole is directed downwards and a  
ST elevation may be expected in the inferior leads (III; aVF; II). A complete reciprocal ST de- 
pression can be observed in a true opposite position (Fig. 10A). However, no posterior electrodes  
are provided with the standard 12-lead ECG and only incomplete reciprocal ST depression may be  
observed in the left lateral leads (aVL and eventual lead I) (Fig. 10B).

Occasionally the magnitude of ST-segment elevation is small, whereas the reciprocal ST-segment  
depression is more prominent. In fact, in the absence of LVH or LBBB, reciprocal ST-segment  
depression may gain great importance. It is of great utility in patients with acute symptoms and mild  
elevation of ST segments of 1 to 1.5 mm in two contiguous leads, because it strongly suggests the  
diagnosis of STEMI rather than other causes of mild ST-segment elevation (1–1.5 mm). This  
avoids overlooking the less pronounced ST-segment elevation and having the patient erroneously  
diagnosed with non-ST-segment elevation acute coronary syndrome rather than STEMI.

The typical pattern of early repolarization nonischemic ST elevation shows an elevation of 1–4 mm  
in the lateral leads (mainly V5 and V6). It may also involve the inferior leads. There is a characteristic  
notch at the J-point . The ST-segment is usually concave and tall while peaked T waves may be  
present. Early repolarization nonischemic ST elevation is commonly seen in young males. In  
many cases, ST elevation is transient and ameliorates or even disappears with tachycardia and  
with hyperventilation. Thus, dynamic changes in the degree of ST elevation are not always  
indicative of ischemia.

ST ELEVATION MI VS EARLY REPOLARIZATION
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CORONARYARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 5

 

The ECG alone cannot reliably be used to diagnose acute MI
as many conditions result in deviation of ST segments and

may be misinterpreted as acute MI. Serial ECGs are essential 
because acute coronary syndrome is an evolving process.

EXAMINATION of a Q WAVE
* Width.
* Depth (not as important as width).
* Lead or leads where Q wave(s) are recorded.
    Look for grouping or contiguous leads.
* Age of the individual.
* Relevant clinical findings.

Q WAVES IN ST ELEVATION MI
Small septal Q waves in the left ventricular leads result from depolarization of the septum from left to  
right. A Q wave in lead III alone may be positional and represents a normal finding. Q waves in lead  
III are not pathologic as long as abnormal Q waves are absent in leads II and aVF (the contiguous  
leads). 

Q waves may be a marker of electrical silence which, when pathologic, implies myocardial ne- 
crosis in the past. Most STEMI develop Q waves and a few non-STEMI also develop Q waves (see  
Fig. 7). A Q wave reflects normal endocardial to epicardial depolarization of the ventricular wall on  
the opposite side of the heart, moving away from the positive electrode of the recording lead. There- 
fore Q waves are negative because they are effectively windows through which the opposite side of  
the heart can be seen. Regardless of the underlying mechanism, presence of abnormal Q waves in  
the leads with ST elevation on the admission ECG is associated with larger final infarct size and  
increased in-hospital mortality. 

Q waves may occur as early as 2 hours with a STEMI. Q waves typically appear within the first 9  
hours with a range of only a few minutes to 24 hours. Q waves should not be considered a marker of  
late MI presentation thereby denying a patient potentially beneficial reperfusion therapy. The time it  
takes for the development of Q waves depends on the collateral circulation that connects with the  
occluded coronary artery. The collateral network supplies circulation retrogradely to the distal part of  
the occluded artery responsible for the MI. A rich collateral network may delay or may actually  
prevent the appearance of Q waves.

Transient Q waves occur uncommonly during ischemia in the absence of MI and reflect transient  
loss of electrophysiologic function without irreversible cellular damage (“myocardial concussion”).  
Q waves of MI may sometimes disappear after early successful revascularization.

Transient Q waves
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The ECG changes associated with prior MI as accepted by the ESC / ACCF /AHA / WHF criteria  
(2012) may be too nonspecific resulting in an inappropriately high number of false positive results.

Q waves of old MI

ECG changes associated with prior myocardial infarction

A complete transmural MI represents a zone without any electrical activity. An electrode placed  
in front of such zone is looking as it were through a window and only sees the activity in the ven- 
tricular septum and the right free wall (Fig. 12).

Misplacement of chest lead electrodes is an important cause 
of anterior pseudo-infarction patterns. Poor R wave pro-
gression in the precordial leads sometimes with actual QS 
waves may be due to improper placement of chest electrodes 
above their usual position or on, rather than under the left 
breast.

Despite differences in some of the guidelines and the definitions, the 
following is a useful rule of thumb. Normal septal q waves (seen in leads I, 
aVL, V5 and V6) are < 25% of the depth of the succeeding R wave and last for 
< 0.03 s. A Q wave may not be pathologic in lead III as long as there are no 
accompanying Q waves in aVF and II – these Q waves often disappear on 
deep inspiration. Lead aVR is usually a predominantly negative QRS 
complex with frequent Q waves. Lead V1 may occasionally show a QS 
pattern in the absence of heart disease. 

electrode
electrodeX

time

time
QS com-

plexqR wave

Necrosis

Fig. 12

R R

L

S S

Normal heart Transmural MI

* Any Q wave in leads V2 and V3 ≥ 0.02 s or QS complex in leads V2 and V3

* R wave ≥ 0.04 s in V1 and V2 and R/S ≥ 1 with a concordant positive T wave in the absence
of a conduction defect.

* Q wave ≥ 0.03 s and ≥ 0.1 mV deep or QS complex in leads I, II, aVL, aVF or V4 to V6 in any
two leads of a contiguous lead grouping (I, aVL; V1 to V6; II, III, aVF). a 

R : depolarization vector of the right free wall; S : depolarization vector of ventricular septum; 
L : depolarization vector of the left free wall

a The same criteria are used for supplemental leads V7 to V9

Normal Q or q waves
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Conditions that mimic MI either by simulating pathologic Q waves or 
QS complexes or mimicking the typical ST-T changes of acute MI

*  Normal variant “septal” Q wave in leads I, aVL, V5, V6

*  Normal variant Q waves as in lead III

* Transient short-lived severe myocardial ischemia. Transient Q waves without MI.

*  Preexcitation (Wolff-Parkinson-White syndrome): negative delta wave may mimic a 
   pathologic Q waves.

*  Hypertrophic cardiomyopathy (septal hypertrophy may make normal septal Q waves
   “fatter” thereby mimicking pathologic Q waves).

*  Cardiomyopathy (dilated, infiltrative  - such as sarcoid, amyloid).

*  Left ventricular hypertrophy (may have QS pattern or poor R wave progression in leads
   V1 to V3).

*  Right ventricular hypertrophy (tall R waves in V1 or V2 may mimic true posterior MI).

*  Acute myocarditis

*  Complete or incomplete LBBB (QS waves or poor R wave progression in leads V1 to V3).

*  Pneumothorax (loss of right precordial R waves).

*  Pulmonary emphysema and cor pulmonale (loss of R waves in V1 to V3 and/or inferior
   Q waves with right axis deviation).

*  Left anterior fascicular block (may see small q waves in anterior chest leads).

*  Pulmonary embolism: ST elevation in V1 and aVR

*  Artificial cardiac pacemaker.

*  Hyperkalemia: ST elevation in V1 and V2

*  Acute pericarditis (ST elevation in all leads except aVR; the ST segment elevation may 
   mimic acute transmural injury)

*  Central nervous system disease and raised intracranial pressure (acute neurologic events
   may mimic non-Q-wave MI causing diffuse ST-T abnormalities primarily in V1 to V6.)

*  Early repolarization

* Left ventricular aneurysm with persistent ST elevation after acute MI

*  Hypertrophic cardiomyopathy: ST elevation in V3 to V5 (sometimes V6)

*  Idioventricular rhythm

*  Brugada syndrome: leads V1 and V2

*  Hypothermia: ST elevation in V3 to V6, II, III, and aVF

*  Cardiac contusion

*  Following electrical cardioversion (transient ST elevation)
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Right-sided leads and right ventricular infarction

An evolving MI usually causes T wave inversion within hours or days. These T waves are sym- 
metrical and affect the same leads that demonstrate ST elevation. Reperfusion therapy promotes  
the earlier development of T wave inversion. The significance of negative T waves in leads with ST  
elevation before reperfusion therapy is currently unclear.

Right ventricular myocardial infarctions (RVMI) rarely occur alone or in isolation, but usually in  
conjunction with inferior MI. RVMI occurs in association with about 30–40% of inferior MI. The  
diagnosis of associated RVMI is important because its presence requires therapy different from that  
of an inferior MI without RVMI. Patients with RVMI have a poorer prognosis and a high risk of  
developing high-degree AV block. Usually, there are only inconclusive signs of RVMI in the  
standard 12-lead ECG. Right-sided leads usually V4R are now widely used for the diagnosis of  
RVMI (leads V3R and V4R are located on the right side of the chest in the same location as the left- 
sided V3 and V4). The V3R or V4R leads are the mirror image to their placement on the left side. Many  
studies have found a high but variable sensitivity and specificity of V4R for detecting RVMI.

Pulmonary embolism and pericarditis also cause elevation of the ST-segment in the right-sided  
precordial leads. Uncommonly, lead V1 may show ST elevation in a RVMI in association with an  
inferior myocardial infarction.

Isolated RVMI is rare and may develop from occlusion of a nondominant right coronary artery or  
following balloon angioplasty complicated by acute occlusion of a large right ventricular branch of  
the right coronary artery. The ECG changes of isolated acute RVMI are not obscured by the  
coexisting dominant electrical forces of the inferior wall of the left ventricle as occurs in inferior MI.  
Therefore, when isolated RVMI occurs, the ECG may show an acute anterior ST segment elevation  
pattern (leads V1 to V3 which can be misinterpreted as signs of an anteroseptal infarction) and  
right ST segment elevation (lead V4R).

In patients with anterior left ventricular infarction, ST segment elevation is the lowest in lead V1,  
increasing in amplitude as precordial leads move to the left. On the other hand, patients with an  
isolated RV infarction display the greatest amplitude of ST segment elevation in lead V1, which  
progressively decreases as the precordial leads move to the left.

 Lead V4R is used most commonly and  
a 1 mm elevation of the ST-segment in  
lead V4R (with positive T wave) is highly  
specific for RVMI. The ST-segment ele- 
vation in V4R is transient, disappearing in  
less than 10 hours following its onset in  
half of patients. A dominant right coronary  
artery is always the culprit vessel in RVMI  
where a proximal occlusion compromises  
flow to one or more of the major RV bran- 
ches. Distal right coronary artery occlu- 
sions or circumflex occlusions spare the  
RV branch and therefore do not show the  
ST elevation in lead V4R of RVMI. When  
the right coronary occlusion is distal to the  
RV branch, V4R will show a positive T  
wave but no ST elevation. ST depression  
with negative T wave in lead V4R is sug- 
gestive of an LCX occlusion (Fig. 13).

Proximal RCA

Distal RCA

ST ≥ 1mm
T positive

ST isoelec.
T positive

ST ≥ 1mm
T negative

LCX

time

time

time

RV and inferior myocardial infarction

ECG  -  V4R lead Culprit vessel

(RCA: right coronary
artery)

(LCX: left circumflex)

Fig.13
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NON-STEMI AND UNSTABLE ANGINA

ST SEGMENT DEPRESSION

Non-ST-elevation myocardial infarction (NSTEMI) occurs when the occlusion in the coronary artery  
is not complete, so that a relatively small proportion of heart muscle becomes damaged or necrotic.  
Up to 25% of patients with NSTEMI and elevated CPK-MB or troponin enzymes go on to develop a  
Q-wave MI during their hospital stay, whereas the remaining 75% have a non-Q-wave MI. Although  
electrocardiography is necessary, it cannot distinguish acute ischemia (unstable angina) from  
NSTEMI. Cardiac biomarkers are required for the diagnosis of MI. Sometimes there is no  
myocardial damage either because the resultant blockage is not sufficiently extensive, or because  
the clot does not persist long enough, to produce cell death. The body’s protective mechanisms try  
to dissolve blood clots that form within the affected coronary artery.

When ischemia is confined primarily to the subendocardium, the combination of the ischemic QT  
vector and the ischemic TQ vector results in depression of the ST segment on the ECG (see  
“Electrophysiologic Concepts - 8”). This subendocardial ischemic pattern is a frequent finding  
during spontaneous episodes of angina at rest and represents the typical ECG finding during  
exercise tests for cardiac ischemia.

CORONARY ARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 7

 

Limitations of the ECG in the diagnosis
of myocardial infarction

1
2

3

4

5

6

7

It provides a snapshot view of a highly dynamic process.

Lack of perfect detection in areas of myocardium supplied by a 
coronary artery.

Small areas of ischemia or infarction may not be detected.

Conventional leads do not directly examine right ventricle,
posterobasal or lateral walls very well.

Baseline changes like hemiblocks (fascicular blocks) and left 
bundle branch block, early repolarization, left ventricular hypertro-
phy and arrhythmias make interpretation difficult.
Acute myocardial infarctions in the left circumflex territory are 
likely to have non-diagnostic ECG.

ECG is not a very sensitive test and should always be considered 
a supplement to, rather than a substitute for, physician judgment.

A normal ECG during symptoms suggests a low likelihood of 
acute coronary syndrome.
A normal ECG does not rule out acute myocardial infarction.
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Note that the criteria for cardiac ischemia are the same as for STEMI. In ischemia the duration  
of ST elevation is shorter and reversible.

Fig. 14  Various forms of ST segment depression

Slow upsloping (0.7 mV/s) with
1.5 mm ST depression at 80 ms
after J point

Rapid upsloping (2.3 mV/s) with
1.5 mm ST depression at 80 ms
after J point

Fig. 15A Fig. 15B

ST segment depression associated with unstable angina/NSTEMI 
is transient and dynamic. It is important to obtain serial ECGs 
especially during symptoms because ischemia is an evolving 
process. Serial ECGs are essential if the first ECG is obtained 
during a pain-free episode.

1 3Upsloping HorizontalDownsloping2

80 ms

1.5 mm

1 sec

0.7 mV

Slow upsloping ST segment

80 ms

1.5 mm

1 sec

2.3 mV

Rapid upsloping ST segment
A benign response

ECG manifestations of acute myocardial ischemia
(in absence of left ventricle hypertrophy and left bundle branch block)

ST elevation

According to the guidelines of the “Joint ESC/ACCF/AHA/WHF Task Force for the 
Universal Definition of Myocardial Infarction” European Heart Journal, 2012

New ST elevation at the J-point in two contiguous leads with the cut- points: 
≥ 0.1 mV in all leads other than leads V2 and V3 where the following cut-points 
apply: ≥ 0.2 mV in men ≥ 40 years; ≥ 0.25 mV in men < 40 years; or ≥ 0.15 mV 
in women.
ST depression and T wave changes
New horizontal or downsloping ST depression > 0.05 mV in two contiguous 
leads and/or T inversion > 0.1 mV in two contiguous leads with prominent R 
wave or R/S ratio > 1.
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In the absence of ST elevation, additional recordings should be obtained 
when the patient is symptomatic and compared with recordings obtained in 
an asymptomatic state.

It is not possible to immediately distinguish between unstable angina 
and NSTEMI before the results of the cardiac biomarkers. 

Upsloping ST depression is far less specific for myocardial ischemia than horizontal or down- 
sloping ST depression. The presence of slow upsloping ST depression (0.15 mV, 80 ms after the J  
point) should be considered as being ischemic in the setting of suspected coronary syndrome until  
proven otherwise.

Because a single 12-lead ECG recording provides only a snapshot view of a dynamic process, the  
usefulness of obtaining serial ECG tracings or performing continuous ST segment monitoring is  
obvious. Concurrent T wave inversion may or may not be present. A recording made during an  
episode of the presenting symptoms is particularly valuable. Importantly, transient ST segment  
changes (greater than or equal to 0.05 mV (i.e. 0.5 mm) that develop during a symptomatic episode  
at rest and that resolve when the patient becomes asymptomatic strongly suggest acute ischemia.  
Minor (0.5 mm) ST depression may be difficult to measure in clinical practice. Comparison with a  
previous ECG, if available, is valuable, particularly in patients with coexisting cardiac disorders  
such as left ventricular hypertrophy or a previous MI. ECG recordings should be repeated at least at  
6 and 24 h, and in case of recurrence of chest pain/symptoms.

More relevant for diagnosis and prognosis is ST depression of ≥ 1 mm (0.1 mV) or ST depression of  
≥ 2 mm both of which carry a poor long-term prognosis. Patients with ST depression have a higher  
risk for subsequent cardiac events compared with those with isolated T wave inversion (> 1 mm) in  
leads with predominant R waves, who in turn have a higher risk than those with a normal ECG.

In unstable angina (in the absence of left ventricular hypertrophy and left bundle branch block) the  
ECG may show the following abnormalities :
* Transient ST segment elevations. This is like a STEMI but is transient. It is sometimes called  
variant or Prinzmetal’s angina and may be due to coronary artery spasm.
* Dynamic T wave changes. Inversions, normalizations, or hyperacute changes or transient ST  
segment elevations.
* ST depressions. May be downsloping, horizontal or slow upsloping.

Although ST segment depression – especially an upsloping ST segment depression – may be  
considered the baseline (and stable), ST segment depression associated with UA/NSTEMI is  
transient and dynamic. Its appearance is usually flat or downsloping. Concurrent T wave inversion  
may or may not be present.

The ST segment in unstable angina (UA)

Upsloping ST depression
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V6

V6

V5

V5

V4

V4

V3

V3

V2

V2

V1

V1

Normal R wave progression

Poor R wave progression

A

B

OTHER FEATURES OF MYOCARDIAL INFARCTION

The normal T wave is usually in the same direction as the QRS complex. The T wave is always 
upright in leads I, II, V3 to V6. It is normally inverted in lead aVR and may be normally inverted in
leads III and V1. In lead aVL, the T wave should be in the same direction as the QRS complex. The  
T wave can be inverted in the right precordial leads in normal persons. T waves are commonly  
inverted in all precordial leads at birth but usually become upright as time passes. T wave  
inversions in V1 to V3 are relatively common in athletes < 16 years and probably represent the  
juvenile electrocardiogram pattern. In adolescent athletes, T wave inversions may occur beyond  
V2 if > 16 years. A persistent juvenile pattern with inverted T waves in V1 to V3 occurs in 1–3% of  
adults (19 to 45 years of age) and is more common in women than in men and is more common in  
black people. T wave inversions in the inferior/lateral leads and deep T wave inversions in any lead  
are unusual, warranting further investigations for underlying cardiomyopathy.

Poor R wave Progression
Poor R wave progression is a vague term used to describe the transition in voltage in the precordial  
leads of an ECG. It is not a diagnosis but simply describes a pattern frequently noted.This finding is  
often inconclusively interpreted as suggestive, but not diagnostic, of anterior MI. The ECG report  
often states that “cannot rule out anterior myocardial infarction”. Normal R wave progression in the  
precordial leads shows an rS-type complex in lead V1 with a steady increase in the relative size of  
the R wave toward the left chest and a decrease in the S wave amplitude (Fig.16A). If the height of  
the r wave in leads V1 to V4 remains extremely small, we say there is “poor R wave progression”  
(Fig. 16B). In the literature, definitions of poor R wave progression have been variable.

Normal T wave inversion

Fig. 16 Normal versus poor R wave progression

Marked (i.e. ≥ 2 mm or 0.2 mV) deep symmetrical T wave inversion in the 
precordial leads V4) strongly suggests severe acute ischemia and 
a critical lesion in the proximal left anterior descending artery requiring 
emergency reperfusion therapy. These abnormalities may appear some 
time after an episode of chest pain.

(V1 to
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Poor R wave progression may be secondary to previous anterior MI that produced Q waves in the  
right and midprecordial leads (V1 to V4). When the Q waves do not persist small r waves take their  
place. It is also conceivable that an MI may initially produce poor R wave progression when full  
transmural necrosis has not occurred.
The placement of the precordial leads is of paramount importance to obtain reliable ECG patterns.  
Frequently the precordial leads are placed in the wrong position in haste to obtain the ECG.  
Verification of proper lead placement should be the first response followed by echocardiography if  
there remains concern that there has been prior myocardial injury.

* Normal variant (if the rest of the ECG is normal).
* Misplaced ECG leads.
* Dextrocardia.
* Left ventricular hypertrophy (look for voltage criteria and ST-T changes of LV “strain”).
* Complete or incomplete left bundle branch block (increased QRS duration).
* Left anterior fascicular block (should see left axis deviation in frontal plane).
* Anterior or anteroseptal MI.
* Emphysema and COPD (look for R/S ratio in V5 and V6 < 1)
* Diffuse infiltrative or dilated cardiomyopathy.
* WPW preexcitation (look for delta waves, short PR).
* Right ventricular hypertrophy (should see RAD in frontal plane and or P pulmonale).

COPD = chronic obstructive pulmonary disease ; WPW = Wolff-Parkinson-White ;
MI = myocardial infarction ; RAD = right axis deviation ; LV = left ventricle 

The differential diagnosis of these QRS abnormalities depends on other ECG findings as well as  
clinical evaluation. Note that the list resembles that of conditions that interfere with the diagnosis of  
STEMI.

Persistent ST elevation (convex or concave upwards) after an MI suggests the presence of a LV  
aneurysm manifested by a thinned dyskinetic LV wall with a broad neck and bulging during systole  
and diastole. About 3-15% of STEMI develop a left ventricular aneurysm after several weeks. Most  
LV aneurysms occur after a large anterior or apical MI and ECG changes occur in V1 to V6, I and  
aVL. Q waves occur in the leads showing ST elevation. The T wave is usually inverted. The ST  
elevation may be convex upwards or concave. Persistence of ST segment elevation for at least 2  
weeks is suggestive of a left ventricular aneurysm. The mechanism of the ST elevation is not well  
known. Sometimes the ECG is indistinguishable from that of an acute MI in patients with an old MI.  
This may lead to errors in therapy. Comparison of the ECGs with old tracings is crucial.

Without reperfusion ST elevation recedes in 12–24 hours. Reperfusion may be achieved with the  
administration of thrombolytic drugs or emergency angioplasty. Sometimes reperfusion is  
spontaneous. A resolution of more than 50% of ST segment elevation at 60 to 90 minutes after the  
initiation of therapy is a good indicator of improved myocardial perfusion and is associated with

Poor R wave progression in the precordial leads

Persistent ST elevation

Reperfusion

CORONARY ARTERY DISEASE AND
ACUTE CORONARY SYNDROMES 9
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Normalization of the ECG in acute coronary syndromes

Takotsubo cardiomyopathy

relief of chest pain, enhanced recovery of LV function, and improved prognosis. A 70% reduction  
of ST elevation is associated with the most favorable outcome. Q waves may even disappear with  
early therapeutic reperfusion suggesting that the Q waves may have been the result of a small  
STEMI or severe ischemia rather than myocardial necrosis. Q waves may also disappear with  
spontaneous reperfusion. On the other hand, successful reperfusion may cause more rapid  
evolution of the ECG with the early appearance of Q waves. The appearance of Q waves within < 6  
hours of MI onset does not signify irreversible damage and does not preclude myocardial salvage  
with appropriate reperfusion therapy.
In contrast, persistence of unrelenting ischemic chest pain, absence of resolution of the ST  
segment elevation, and hemodynamic or electrical instability are generally indicators of failed  
reperfusion. T wave inversion is a highly specific sign of reperfusion that occurs during the first few  
hours of successful reperfusion therapy in the leads with the highest ST elevation.
An accelerated idioventricular rhythm occurs in about 50% of reperfused patients (defined as a  
heart rate of 60 to 120 bpm). It is a highly specific marker of reperfusion but insensitive for the  
diagnosis of reperfusion.This rhythm is benign and should not be suppressed with medication.

Isolated ventricular premature depolarizations may also be seen with reperfusion. Polymorphic  
ventricular tachycardia and ventricular fibrillation may be seen with reperfusion but are rare and  
should arouse suspicion of ongoing arterial occlusion.

It is a well-known electrocardiographic principle that electrical forces in a zone that creates QRS  
changes in a lead, can create reciprocal changes in an opposite lead. An old inferior Q wave MI can  
be masked by acute anterior MI (countercoup effect). The unmasking of an inferior MI can also be  
observed after the surgical revascularization of an anterior MI. When an ECG shows persistent T  
wave inversion accompanying the changes of a previous acute MI, superimposed ischemia in the  
same territory may cause “normalization” of the T wave (return to an upright position). Alternatively,  
further ischemia makes the T wave inversion more pronounced.

Takotsubo cardiomyopathy (TCM) mimics acute coronary syndrome. It is accompanied by 
reversible LV ballooning in the absence of angiographically significant coronary artery stenosis. 
In Japanese, “takotsubo” means “fishing pot for trapping octopus” (Fig. 17). The LV of a patient 
diagnosed with this condition resembles that shape during systole, hence the name. It is a tran-
sient entity typically precipitated by acute emotional stress. It is called “takotsubo cardiomyopa-
thy”, “stress cardiomyopathy”, “broken-heart syndrome”, or apical ballooning syndrome.
Enhanced sympathetic activity appears to play a very important role in the pathophysiology of 
takotsubo cardiomyopathy. Triggering factors, such as intense emotional stress, are frequently 
seen in patients with this syndrome. Catecholamine surge due to intense physical or emotional 
stress is believed to be the major pathogenic factor in TCM. Plasma catecholamine levels 
are 2 or 3 times higher in patients as compared with those with MI. The ECG resembles acute 

Fig. 17 The Japanese pot and the left ventricle. (A) Diastole (B) Systole

Takotsubo
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coronary syndrome. The ST elevation evolves into deep T wave inversion but Q waves rarely  
appear. 95% of ST elevations have been found to involve precordial leads and to be maximal in V2  
and V3. When compared with patients with STEMI from left anterior descending coronary artery 
(LAD) occlusion, the amplitude of ST elevation in patients with TCM is significantly less.

Determination of regions of infarction may be done by analysis of the ECG. Therefore, it should 
be kept in mind that different leads are looking at different parts of the heart (Fig. 18 – and also 
chapter 2). To be certain that changes of ST segments or T waves are truly due to ischemia or MI, 
changes have to be seen in a regional distribution of leads.

Anterior wall ischemia/infarction is invariably due to occlusion of the left anterior descending artery  
(LAD) expressed as ST elevation in some or all of leads V1 to V6 and changes in the high  
lateral leads I and aVL. The location of the occlusion within the LAD whether proximal or distal, is  
suggested by the precordial leads in which the ST segment elevation occurs and the presence of  
ST elevation or depression in other leads (extremity and lateral leads) (Fig., p.128). Reciprocal  
ST depression occurs in the inferior leads (mainly III and aVF) and is determined by the magnitude  
of the ST elevation in I and aVL (as these high lateral leads are electrically opposite to III and aVF.  
Reciprocal changes may be minimal or absent in anterior STEMIs that do not involve the high  
lateral leads.

* Septal = V1 and V2
* Anterior = V2 to V5
* Anteroseptal = V1 to V4
* Anterolateral = V3 to V6; I + aVL
* Extensive anterior/anterolateral = V1 to V6; I + aVL

Three other important ECG patterns to be aware of:
*  Anterior-inferior STEMI due to occlusion of a “wrap around” LAD: simultaneous ST elevation in 

the precordial and inferior leads due to occlusion of a variant LAD that wraps around the cardiac 
apex to supply both the anterior and inferior walls of the left ventricle.

* Left main coronary artery occlusion: widespread ST depression with ST elevation in aVR ≥ V1.
*  Deep precordial T wave inversions or biphasic T waves in V2 and V3, indicate critical proximal 

LAD stenosis (a warning sign of imminent anterior infarction).

Sites of anterior STEMI in the precordial leads

LOCALIZATION OF STEMI

Fig. 18 Regions of the heart seen by the leads in the frontal and the precordial plane

Anterior STEMI
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The site of occlusion in the LAD can be inferred from the pattern of ST changes in leads corres-
ponding to the two most proximal branches of the LAD: the first septal branch (S1) and the first 
diagonal branch (D1).
*  S1 supplies the basal part of the interventricular septum, including the bundle branches

  (corresponding to leads aVR and V1)
*  D1 supplies the high lateral region of the heart

  (corresponding to leads I and aVL)

This results in involvement of the basal portion of of the left ventricle, as well as the anterior and 
lateral walls and the interventricular septum (Fig. 19). This will result in ST segment elevation in 
leads V1 to V4 (lead V1 ST elevation > 2 mm) and also in lead I /aVL and often in aVR. It will 
also be associated with reciprocal ST segment depression in the inferior leads II, III, aVF, and often 
V5.Typically, ST elevation in aVL > aVR and more ST segment depression in lead III than in lead II. 
Acquired right bundle branch block may occur.

Occlusion of the proximal LAD above the first septal and first diagonal branches

Fig. 19 LAD occlusion proximal to both S1 and D1 and resulting ischemia vector

Occlusion proximal to S1: Signs of basal septal involvement

Occlusion proximal to D1: Signs of high lateral involvement

* ST elevation in V1 > 2.5 mm
* ST elevation in aVR
* Complete right bundle branch block

* ST elevation / Q wave formation in aVL
* Reciprocal ST depression ≥ 1 mm in II, III or aVF (reciprocal to 
    ST elevation in aVL)

LAD
First diagonal 

branch D1

First septal
branch S1

OOCCCCLLUUSSIIOONN

ISCHEMIA
VECTOR

ISCHEMIA
VECTOR

aVLaVR

aVF
IIIII

 I

The early diagnosis of STEMI depends on deviation of the ST segment rather 

than the development of Q waves. The leads with ST segment deviation 

reflect the site and the size of the ischemic process. Analysis of the ST 

segment permits identification of the culprit artery.
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Occlusion of the LAD between the first septal and first diagonal branches

Occlusion of the LAD distal to the first diagonal branch but proximal to the 
first septal branch

The basal interventricular septum will be spared, and the ST segment in lead V1 will not be
elevated. In that situation, the QT vector will be directed toward I and aVL and the ST segment will
be elevated in these leads. On the contrary, the QT vector is directed away from lead III which will
show a depression of the ST segment. ST depression in lead III > lead II. (Fig. 20)

Leads I and aVL will not show ST elevation. ST elevation in lead III > lead II. ST elevation in V1.

Fig. 20 LAD occlusion between S1 and D1

Fig. 21  LAD occlusion distal to D1 but proximal to S1
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ST elevation in aVR is a reliable sign of ischemia in the 
posterobasal part of the heart (causing marked depression in II, 
III, and aVF), and the proximal interventricular septum which are 
supplied by the left main coronary artery.

First septal

branch S1

LAD

OOCCCCLLUUSSIIOONN

First
diagonal

branch

ISCHEMIA
VECTOR

D1
aVLaVR

aVF
IIIII

I

Fig. 22  LAD occlusion distal to both D1 and S1

Occlusion of the distal LAD below both the first septal and first diagonal branches

Occlusion of the left main coronary artery

The basal portion of the left ventricle will not be involved, and the QT vector will be oriented more
inferiorly. Thus, the ST segment will not be elevated in leads V1, aVR, or aVL, and the ST segment
will not be depressed in leads II, III, or aVF. Indeed, because of the inferior orientation of the QT
vector, elevation of the ST segment in leads II, III, and aVF may occur (but these leads may be
isoelectric). In addition, ST segment elevation may be more prominent in leads V3 to V6 and
less prominent in V2 than in the more proximal occlusions.

The ECG shows signs of coronary occlusion proximal to the first septal branch and marked ST 
depression in the inferior leads consistent with severe posterobasal ischemia. Typically lead aVR 
shows ST elevation ≥ 1 mm. The ST elevation in aVR is greater than the ST elevation in lead V1. The 
aVR/V1 relationship is enough to warrant a rapid trip to the cardiac catheterization laboratory for 
angioplasty. The ST segment may be depressed or elevated according to the timing of the 
pathologic changes. Right bundle branch block is common.

The artery that supplies the posterior descending artery (PDA) determines the coronary
dominance. If the PDA is supplied by the right coronary artery (RCA) the circulation is “right-
dominant”. When the PDA is supplied by the left circumflex coronary artery (LCx), the coronary
circulation is classified as “left-dominant”. If the PDA is supplied by both RCA and LCx, the
coronary circulation is classified as “co-dominant” (or balanced). Approximately 70–80% of the
general population have a right-dominant system, 10–20% are co-dominant and 10% or less are
left-dominant.
Occlusion of a dominant LCx may result in a very large MI involving the posterolateral and inferior
wall. An RV MI (in lead V4R) rules out a dominant LCx occlusion. A non-dominant RCA is rarely
occluded. Total occlusion of a tiny non-dominant RCA results in a small MI with changes confined
to the right precordial leads but no Q waves are generated in the inferior leads.

CORONARY ARTERY DOMINANCE
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The  RCA  territory  covers  the  medial  part  of  the  inferior  wall, 
including the inferior septum. The LCx territory covers the lateral 
part of the inferior wall and the left posterobasal and lateral areas.

aVLaVR

aVF
IIIII

I

Ischemia
vector

The vast majority (80–90%) of inferior STEMIs (ST elevation in leads II, III and aVF) are due to  
occlusion of the dominant right coronary artery (RCA). Less commonly, the culprit vessel is a  
dominant left circumflex artery (LCx) depending on which provides the posterior descending  
branch, that is, which is the dominant vessel. Occasionally, inferior STEMI may result from  
occlusion of a “wraparound” LAD. Both RCA and LCx perfuse the inferior part of the left ventricle.  
While an occlusion in RCA or one in LCx may both cause infarction of the inferior wall, the precise  
area of infarction in each case is somewhat different.

The rightward and inferiorly directed ischemia vector results in ST segment elevation in lead III >  
lead II and will often be associated with reciprocal ST segment depression in the leads oriented to  
the left and superiorly, thus in lead I and in aVL (Fig. 23). ST segment depression in lead I and  
especially in aVL is highly predictive of RCA occlusion. When the RCA is occluded in its proximal  
portion, ischemia/infarction of the RV may occur and may be confirmed by recording lead V4R.  
This finding is important in the distinction between RCA and LCx occlusion and between proximal  
and distal RCA occlusion. LCx occlusion is suggested by ST elevation in lead II > lead III, absence  
of reciprocal ST depression in lead I and signs of lateral infarction: ST elevation in the lateral leads I  
and aVL or V5 and V6.

Inferior STEMI

Occlusion of the right coronary artery

Fig. 23  Inferior wall STEMI due to occlusion of the RCA
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In inferior STEMI, ST segment
depression in leads I and aVL 
is highly suggestive of RCA 
occlusion

Right ventricular STEMI occurs 
only with proximal RCA occlusion

Right
coronary

artery
(RCA)

OCCLUSION
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Left circumflex
coronary
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Fig. 25  Inferior wall STEMI due to occlusion of the LCx

Fig. 26  Occlusion of a nondominant LCx.  
The posterior distribution of the vessel is  
responsible for most cases of posterior MI.

Fig. 24  Occlusion of the proximal part of a  
dominant RCA. Note that the RV branches are  
distal to the occlusion so that a RV MI may occur.

Occlusion of the left circumflex artery

(continuation on next page)

ST segment depression in leads V1, V2, and V3  
that occurs in association with an inferior wall MI  
may be caused by occlusion of either the RCA or  
the LCx. This ECG pattern has been termed  
posterior or posterolateral ischemia. LCx-related  
STEMI less frequently shows reciprocal ST  
depression in lead aVL and more often shows an  
isoelectric or a raised ST segment in leads I and  
aVL compared to patients with RCA-related inferior  
MI.
In patients with inferior STEMI, ST depression in  
leads V1 to V3 has been shown to indicate a larger  
infarction with extension of the injury to the  
posterolateral and/or inferoseptal wall.
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Look for evidence of posterior MI in any patient with an inferior or lateral STEMI

ST segment depression in the anterior leads V1 to V3 during STEMI is a reciprocal change and does  
not indicate concomitant left anterior descending (LAD) coronary artery disease. The changes in  
V1 to V3 may be seen in both RCA and LCx inferior infarctions. However, in inferior STEMI due to  
proximal RCA occlusion with concomitant RV infarction, posterior wall injury may be masked  
because the two opposed electrical vectors may cancel each other (i.e. ST elevation in leads V1 
to V3 with RV MI and reciprocal ST depression in these same leads with concurrent posterior  
infarction). On this basis the absence of ST depression in leads V2 and V3 is strongly suggestive of  
RCA involvement.

Posterior MI occurs when either the LCx or a branch of the right coronary artery (RCA) – supplying  
blood to the posterior wall of the left ventricle – is occluded. Posterior MI is the most common  
manifestation of LCx occlusion. Posterior infarction may accompany an inferior or lateral MI.  
Posterior extension of an inferior or lateral infarct indicates a much larger area of myocardial  
damage. Isolated posterior MI is less common.

For all other infarctions the ECG is an essential tool for identifying patients with STEMI who might  
benefit from reperfusion therapy. The standard 12-lead ECG is relatively poor at examining the  
posterobasal and lateral walls of the left ventricle so that LCx occlusions are often not recognized.

Leads V7 to V9 should be recorded if there is a clinical suspicion of LCx territory involvement. This is  
important when posterior MI has to be differentiated from acute anterior ischemia by finding ST  
elevation in leads V7 to V9. The ECG pattern of ST segment elevation in posterior leads V7 to V9  
without ST segment depression in lead aVL is highly sensitive and specific for occlusion of the LCx.

Posterior STEMI

Patients with LCx acute coronary syndromes often  
present without ST segment elevation even when there  
is a total occlusion causing a full-thickness posterior or  
inferobasal MI. Recent registries and trials show over- 
representation of circumflex occlusions in non-STEMI  
and underrepresentation in ST elevation MI popula- 
tions. This is because usually only the 12-lead ECG has  
been recorded.

The use of posterior leads (V7, V8, and V9) may help in  
the diagnosis of occlusion of the LCx artery (Fig. 27).  
Posterior leads V7 (left posterior axillary line), V8 (left  
midscapular line), and V9 (left border of the spine) are all  
located in the same horizontal plane as lead V6. ST  
segment elevation in posterior leads (V7 to V9) is  
significantly more common during occlusion of the LCx  
than during RCA occlusion.Fig. 27 Posterior leads
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* Any Q wave in leads V2 and V3 ≥ 0.02 s or QS complex in leads V2 and V3.

* 

* Q wave ≥ 0.03 s and ≥ 0.1 mV deep or QS complex in leads I, II, aVL, aVF or V4 to V6 in any 
two leads of a contiguous lead grouping (I, aVL; V1 to V6; II, III, aVF). The same criteria 
are used for supplemental leads V7 to V9.

A posterior MI may be considered to produce in the right precordial leads the inverse or 
mirror-image of the opposite ECG leads V7 to V9. Because posterior electrical activity 
is recorded from the anterior side of the heart, the typical injury pattern of ST elevation 
and Q waves becomes inverted in the right precordial leads compared to leads V7 to V9.

* ST elevation becomes ST depression.
* Q waves become tall R waves (the equivalent of a Q wave associated with traditional STEMI). 

The diagnosis of posterior MI should not be ruled out by the absence of a tall R wave in V1 
and V2.

* Terminal T wave inversion becomes upright and widened T wave or relatively tall T wave 
(opposite of T wave inversion).

It is not unusual for occlusions of the LCx or its branches to show little on the ECG even 
though they represent a large amount of ischemic myocardium at risk for complete 
infarction. The circumflex territory is known as being “electrocardiographically” silent.

R wave ≥ 0.04 s in V1 and V2 and R/S ≥ 1 with a concordant positive T wave in the 
absence of a conduction defect.

Diagnosis of MI according to the QRS complex
No conventional lead is oriented directly to the posterior wall of the heart

(Current guidelines (2012) as accepted by ESC/ACCF/AHA/WHF)

* True posterior infarct: ST↓, T↑ in V1 and V2; Q waves and ST↑ in V7 to V9.
*  Right ventricular hypertrophy: right axis deviation, right atrial enlargement, secondary ST-T  

wave changes; V7 to V9 normal.
*  Hypertrophic cardiomyopathy: Q waves; left ventricular hypertrophy; V7 to V9 normal or deep  

narrow Q waves.
*  Right bundle branch block: wide QRS; typical rSR’ pattern in V1; V7 to V9 normal or broad S  

waves
* Wolff-Parkinson-White syndrome with left-sided accessory pathway: short PR; delta wave.
* Left ventricular pacing.
* Normal variant: healthy children and healthy people with prominent forward QRS vectors.

Causes of a tall R wave in lead V1:

In patients with inferior STEMI, ST elevation in leads V5 and V6 is considered to indicate  
extension of the infarct to the lateral aspect of the cardiac apex. ST segment elevation in leads V5  
and V6 is slightly more common in occlusions of the LCx than in occlusion of the RCA. The cause  
of such an extension may be occlusion of either the LCx or RCA with a posterior descending or  
posterolateral branch that extends to the lateral apical zone. ST elevation in lead V5 is more  
frequently associated with involvement of the apical portion of the inferior wall.

Lateral wall infarction - RCA or LCx occlusion?
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Discordant ST segments and T waves

A
B

Right bundle branch block (RBBB) does not usually interfere with the diagnosis of a Q wave MI.  
RBBB primarily affects the terminal phase of ventricular depolarization, producing a wide R’ wave  
in the right chest leads. These changes are due to delayed depolarization of the right ventricle,  
while depolarization of the left ventricle is not affected. The criteria for the diagnosis of a Q wave MI  
in a patient with RBBB are the same as in patients with normal intraventricular conduction.  
Complete RBBB may mask a posterior infarct.
The appearance of RBBB during an anterior MI strongly suggests an LAD occlusion proximal to 
the first septal and first diagonal branches and therefore carries a high mortality. The development  
of RBBB during an acute inferior MI also carries a high mortality but it is less pronounced than with  
an anterior MI. Transient RBBB is usually not associated with a higher mortality.

The diagnosis of MI in the presence of left bundle branch block (LBBB) has long been considered  
problematic or even almost impossible. Many proposed ECG markers in the old literature have now  
been discarded. However, the advent of reperfusion therapy has generated greater interest in the  
ECG diagnosis of acute MI (based on ST segment abnormalities) though criteria for old MI (based  
on QRS changes) have not been reevaluated for almost 25 years. Electrocardiographic signs  
involving the QRS complex are not diagnostically useful in the acute setting.

direction from) a predominantly negative QRS complex. (3) ST segment depression ≥ 1 mm in V1,  
V2, or V3. With regard to the weakest criterion (ST segment elevation ≥ 5 mm discordant with the  
QRS), this sign may occur in clinically stable patients with LBBB without an acute MI in the presence  
of unusually large QRS complexes in V1 to V3 in which leads the ST segment elevations are also  
large. Such patients frequently have severe left ventricular hypertrophy or markedly dilated hearts.  
So-called primary T wave changes (T waves in the same direction as the QRS complex) carry no

Myocardial infarction and right bundle branch block

Myocardial infarction during left bundle branch block

ST segment deviation is the only  
useful electrocardiographic sign for  
the diagnosis of acute MI in the  
presence of LBBB. In uncomplicated  
LBBB, ECG leads with a predomi- 
nantly negative QRS complex show  
ST segment elevation with positive T  
waves (Fig. 28). 

The diagnosis of acute MI is based on  
three criteria with relatively poor  
sensitivity but high specificity (Fig.  
29). (1) At least one lead exhibiting  
ST segment elevation ≥ 1 mm con- 
cordant with (i.e. in the same direc- 
tion as) a predominantly positive QRS  
complex. (2) Discordant ST segment  
elevation ≥ 5 mm with (in the opposite

Fig. 28  Normal ECG for left bundle branch block

Acute myocardial infarction
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important diagnostic value. The above markers should be utilized together with the clinical findings  
because the ECG markers alone miss acute MI in many patients who would benefit from  
aggressive treatment. The published studies showing poor sensitivity of the ECG markers support  
the recommendations of the American College of Cardiology and the American Heart Association  
that all patients with new LBBB, irrespective of ECG features and with symptoms of acute MI,  
should receive reperfusion therapy.

The diagnosis of MI in the presence of LBBB is considerably more complicated and confusing than  
that of RBBB. The reason is that LBBB alters both the early and the late phases of ventricular  
depolarization. In uncomplicated LBBB septal activation occurs from right to left because the left  
septal mass cannot be activated via the left bundle branch. Consequently LBBB does not generate  
a septal q wave in the lateral leads (I and V6). Lead V1 may show an initial r wave because of the  
anterior component of right-to-left septal activation but leads V1 to V3 may also show QS complexes  
in the absence of MI. After crossing the ventricular septum, the activation reaches the left ventricle  
which is depolarized via ordinary myocardium. Secondary ST segment and T wave abnormalities  
are oriented in the opposite direction to the QRS complex (Fig. 30). 

Fig. 29 Acute myocardial infarction during left bundle branch block

Old myocardial infarction

The septal vector is oriented from left to right in  
the normal situation. In LBBB the septal vector  
is oriented from right to left.

Fig. 30 Uncomplicated left bundle branch block. Fig. 31 LBBB with extensive anteroseptal MI.  
In a large septal MI the septal forces are so atte- 
nuated that lead V6 records as first deflection the  
predominance of the RV forces (1). This gene- 
rates a q wave in V6 but it should not be labeled  
a restoration of septal forces.
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The diagnosis of MI during RV pacing and that of MI during LBBB are 
quite similar. The difference of the ECG between both cases might be 
found in the presence of spikes during pacing.

During LBBB, an extensive anteroseptal MI will alter the initial QRS vector, with forces pointing to  
the right because of unopposed activation of the right ventricle. This causes (initial) q waves in  
leads I, aVL, V5, and V6 producing a Qr or qR pattern (Fig. 31).

A Q or q wave in leads I, aVL or V6 (regardless of size or duration) is highly specific and a relatively  
insensitive sign for the diagnosis of old anteroseptal MI in the presence of complete LBBB. Late  
notching of the upstroke of the S wave (Cabrera’s sign) in at least 2 leads V3 to V5 is helpful for the  
diagnosis of anterior MI. Again the sensitivity is low but the specificity is high.

The ECG diagnosis of MI and ischemia in pacemaker patients can be challenging. The criteria are  
moderately insensitive for the diagnosis of acute MI and exhibit even lower sensitivity for the  
diagnosis of old MI. The diagnosis can be made in a limited number of cases because of the high  
specificity of some criteria. ST-T wave abnormalities are useful only for the diagnosis of acute MI  
and QRS abnormalities are useful only for the diagnosis of old MI.

Three ST segment abnormalities are useful in the diagnosis of acute MI during right ventricular  
pacing. Their specificity is high but their sensitivity is low or moderate. (1) ST elevation ≥ 5 mm in  
predominantly negative QRS complexes (inappropriate discordance in ST deviation). (2) ST  
depression ≥ 1 mm in V1, V2, and V3. (3) ST elevation ≥ 1 mm in leads with a concordant QRS  
polarity (concordance in ST deviation). ST depression concordant with the QRS complex may  
occur in leads V3 to V6 during uncomplicated RV pacing. Leads V1 to V3 sometimes show marked 
ST elevation during right ventricular pacing in the absence of myocardial ischemia or infarction.

Because the QRS complex during RV pacing resembles (except for the initial forces) that of  
spontaneous LBBB, many of the criteria for the diagnosis of MI in LBBB also apply to MI during RV  
pacing. RV pacing almost invariably masks a relatively small anteroseptal MI. During RV pacing,  
as in LBBB, an extensive anteroseptal MI will alter the initial QRS vector, with forces pointing to the  
right because of unopposed activation of the RV. This causes (initial) q waves in leads I, aVL, V5,  
and V6, producing a stimulus-qR (St-qR) pattern. The abnormal q wave is usually 0.03 s or more  
but a narrower one is also diagnostic. The sensitivity of the St-qR pattern varies from 10 to 50% but  
the specificity is close to 100%. An extensive anterior MI may produce notching of the ascending  
limb of the S wave in the precordial leads usually V3 and V4 (Cabrera’s sign) > 0.03 s and present in  
2 leads. The sensitivity varies from 25 to 50% according to the size of MI but again the specificity is  
close to 100% if notching is properly defined.

Diagnosis of MI during right ventricular pacing

Acute myocardial infarction

Old myocardial infarction
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In the case of Cabrera’s sign, rule out ventricular fusion
beats and retrograde P waves.
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Cabrera’s sign 

The conventional 12-lead ECG is widely used in a graded exercise test usually performed on a  
treadmill. Almost all the significant ST segment changes, however, can be demonstrated in leads I  
and V3 to V6. Horizontal or downsloping ST segment junctional (J point) depression of ≥ 1 mm is the  
typical ischemic response in stress testing (in all leads except aVR) and is the most generally  
accepted positive response for ischemia. Slow upsloping ST segments is also generally  
considered to be an abnormal response. A slow upsloping ST depression using 1.5 mm de- 
pressing at 80 ms after the J point is accepted as a reasonable criterion for a positive response  
(Fig. 15A, 15B and Fig. 33). 

Diagnosis of coronary artery disease:  Exercise testing

Fig. 32 Diagnosis of old myocardial infarct (MI)

Fig. 33 Various ST segment patterns produced by exercise: (A) Normal (B) Junctional depres- 
sion that returns to baseline within 80 ms (C) junctional depression that remains below baseline  
at 80 ms (D) Horizontal ST depression (E) downsloping ST depression; (F) ST elevation

(A) A qR or Qr pattern in leads V5 and V6 often indicates an old anteroseptal  
MI. This pattern may also occur in leads I and aVL.
(B) A shelf-like notch (0.03–0.04 s) on the ascending limb of the S wave,  
called Cabrera’s sign, in leads V2 to V5 often indicates an old anterior MI.
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In general, the distribution of leads manifesting ST segment 
depression does not appear to be helpful in localizing the 
obstructive coronary lesions.

Exercise induction of complete right or left bundle branch block is generally nonspecific. There are  
many false positive results such as treatment with digoxin, left bundle branch block and left  
ventricular hypertrophy.
ST segment depression occasionally begins only after exercise. The diagnostic and prognostic  
significance of such delayed response is generally similar to those occurring during exercise;  
however, when the onset of the ST abnormalities is delayed by more than 2 to 3 min. into recovery,  
a false positive response may be present.
Stress-induced ST segment depression is probably caused largely by reduction of perfusion to the  
subendocardium, the zone most vulnerable to ischemia. Overall, test sensitivity is most often  
found to lie in the 60 to 70% range.

Some patients exhibit ST segment elevation of ≥ 1 mm. In the absence of prior MI, this finding is  
uncommon but implies severe transmural ischemia of a greater severity than that associated with  
ST depression. Exercise-induced ST segment elevation is seen most commonly in patients with  
previous MI. Patients with anterior MI are more likely to have exercise-induced ST segment  
elevation than are those with inferior MI. The ST elevation almost always occurs in the leads with  
abnormal Q waves. This response is associated with a left ventricular wall motion abnormality in  
the corresponding site.

Supraventricular tachyarrhythmias include sinus tachycardia, premature contractions  
paroxysmal supraventricular tachycardia, atrial flutter, and atrial fibrillation (AF). AF occurs in 6 to 
21% of patients. Many factors can precipitate AF. They include atrial ischemia or infarction, right  
ventricular MI, pericarditis, severe left ventricular dysfunction and hypokalemia.
Accelerated junctional rhythms
An accelerated junctional rhythm results from increased automaticity of the junctional tissue. The  
rate is 60–130 bpm. This type of dysrhythmia is most common in inferior MI.
Bradyarrhythmias
These include sinus bradycardia and junctional bradycardia. These disturbances are less  
common than AV blocks.
Atrioventricular (AV) and intraventricular conduction blocks
These include (1) first-degree AV block, second-degree AV block, and third-degree AV block; (2)  
intraventricular blocks, including left anterior fascicular block, right bundle branch block (RBBB),  
and left bundle branch block (LBBB). These conduction disturbances are best understood with a  
knowledge of the blood supply to the conduction system (Fig. 34).

ST segment elevation

Arrhythmias in acute myocardial infarction



163

The AV conduction system (the AV node, the bundle of His, and the bundle branches) is perfused  
by the right coronary artery (RCA) and the left anterior descending coronary artery (LAD); the AV  
node and the proximal part of the bundle of His are perfused by the RCA, while the distal part of the  
bundle of His, the right bundle branch, and the anterior fascicle of the left bundle branch are  
supplied by the septal branches of the LAD. The posterior fascicle of the left bundle branch is  
supplied by septal branches from both the LAD and the RCA.

Conduction abnormalities occur more frequently than sinus node disease or sinus node con- 
duction disturbances. Conduction disturbances at the level of the AV node occur in inferior MI. Se- 
cond-degree type I (Wenckebach) block may follow first-degree AV block. Type I block may pro- 
gress to 2:1 AV block, higher degrees of AV block and complete AV block. The QRS remains  
narrow in most cases. All the conduction disturbances (including complete AV block) are transient  
with normal AV conduction returning 3–7 days later. AV nodal block after inferior MI is rare

The development of conduction disturbances below the AV node is a specific marker for a proximal  
occlusion of the left anterior descending artery (LAD) and therefore indicates a large jeopardized  
area of the left ventricle. Therefore conduction disturbances below the AV node carry a poor  
prognosis. The most common conduction abnormality is right bundle branch block (RBBB) which  
occurs with an LAD occlusion proximal to the first septal branch with or without left anterior  
hemiblock. This disturbance is much more common than complete left bundle branch block. When  
RBBB is the result of the MI, the prognosis is very poor but when the RBBB is preexisting, the  
hospital mortality rate appears no different from that of patients without RBBB. Infranodal AV  
conduction disturbances may present with Mobitz type II second-degree AV block (not seen in  
inferior MI), higher degrees of AV block and complete AV block on the basis of trifascicular block.

AV nodal conduction disturbances

Conduction disturbances below the AV node

Fig. 34 Schematic representation of the conduction system and its blood supply
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The mortality of patients with complete AV block is very high. Alternating bundle branch block may  
also occur. Rarely infranodal block presents with a type I (Wenckebach) form of second-degree AV  
block.
Ventricular arrhythmias
Ventricular arrhythmias include premature ventricular complexes (PVCs), accelerated idio- 
ventricular rhythm, ventricular tachycardia, and ventricular fibrillation. An accelerated idioven- 
tricular rhythm is seen in as many as 20% of patients. It is a ventricular rhythm characterized by a  
wide QRS complex with a regular escape rate faster than the atrial rate, but less than 100 bpm. AV  
dissociation is frequent. Most episodes are short and terminate spontaneously. They occur with  
equal frequency in anterior and inferior infarctions. If untreated it does not increase the incidence of  
ventricular fibrillation or death. Idioventricular rhythm may occur more frequently in patients who  
develop early reperfusion than in others though it should be considered as neither sensitive nor  
specific for reperfusion

Normal sinus rate at 55 bpm, T wave inversion in I, aVL, V2 to V6 due to ischemia in a patient who  
presented with unstable angina. Note the terminal inversion in V2 and V3, which occurs typically with  
ischemia. If these abnormalities are new, the pattern suggests severe ischemia in the distribution of  
the proximal left anterior descending artery.

CORONARY ARTERY DISEASE AND
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EB387

Cardiac ischemia : ECG example 2

Cardiac ischemia : ECG example 3 

EB392

Normal sinus rate at 75 bpm in a patient with cardiac ischemia. Prominent T wave inversion in I, aVL,  
V2 to V6. There is also 1 mm ST elevation in V2 to V6. There are small q waves in III and aVF. This  
pattern may indicate a progressing ST elevation MI. If no MI evolves the abnormalities are due to  
severe ischemia (unstable angina).

Hyperacute T waves V2 to V4 indicating severe acute ischemia or the earliest manifestation of an  
anterior MI. The ECG evolution and biomarkers will make the diagnosis. There is ST depression in- 
ferolaterally. The pattern in the precordial leads is likely to progress to an acute ST elevation MI.
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Cardiac ischemia : ECG example 5

EB416

EB901

Cardiac ischemia at rest. Sinus rate 70 bpm, ST elevation in V1 and V2, and marked T wave in- 
version in V2 to V6, I and aVL. The ECG is consistent with ischemia or an early anterior MI. Serial  
ECGs and biomarkers will make the diagnosis. In the presence of negative biomarker elevation, this  
pattern is consistent with severe ischemia involving the proximal left anterior descending artery.

Post-exercise test showing ischemia. Sinus tachycardia at 125 bpm and marked ST and T wave  
depression in V2 to V6, I and aVL as well as ST elevation in aVR all consistent with ischemia.
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Cardiac ischemia : ECG example 7

EB406
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High risk patient with unstable angina due to stenosis of the proximal left atrial  
descending artery.
There is T wave inversion in V1 to V5 when the patient was pain free.

This ECG was recorded from the same high risk patient as in case 6. 
Pseudonormalization during pain.
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Inferior myocardial infarction : ECG example 8

Inferior myocardial infarction : ECG example 9
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EB 376

EB 375

Sinus rhythm, acute inferior MI with ST elevation in the inferior leads (III > II suggestive of occlusion of  
the right coronary artery). Leads II, III and aVF show pathologic Q waves. The R/S ratio in V1 is 1.

Sinus rhythm, old inferior MI with Q waves in II, III and aVF associated with persistent ST elevation.  
There are nonspecific ST-T wave abnormalities in V5 and V6.
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Inferior myocardial infarction : ECG example 11

EB 377

EB 378

Sinus rhythm at 48 bpm, acute inferior MI with ST elevation in II, III, and aVF, (III > II), marked ST  
depression in I and aVL. The pattern suggests occlusion of the proximal right coronary artery. Note the  
slight ST elevation in V1 which may be due to a right ventricular infarct.

Normal sinus rhythm at 68 bpm. Acute inferolateral MI, ST elevation in II, III, aVF, V5 and V6 as well  
as ST depression in V1 to V3. ST elevation III > II is consistent with occlusion of the right coronary  
artery. The ST depression in the precordial leads V1 to V3 indicates a large MI with possible  
involvement of the posterior wall of the left ventricle. With an inferior MI ST-T wave changes in V1 to V3  
indicate a large inferior MI but one cannot postulate the presence of a posterior MI or ischemia though  
both are likely. Lateral involvement is shown in the ST elevation in V5 and V6. Q waves eventually  
appeared in all inferior leads.
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EB 379

EB 382

Inferior myocardial infarction : ECG example 12

Inferior myocardial infarction : ECG example 13

Normal sinus rhythm at 60 bpm, complete right bundle branch block, Q waves in II, III, aVF and V4 
to V6 consistent with an old inferolateral MI. There is also a low amplitude r wave in V3 which may  
represent an additional anterior MI. Complete right bundle branch block does not affect the initial  
forces and therefore does not conceal Q waves of MI.

Sinus tachycardia at 100 bpm, acute inferior MI with ST elevation in II, III, and aVF and ST III > II  
consistent with occlusion of the right coronary artery. The marked ST depression in V1 to V3  
suggests that the MI is large.
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Inferior myocardial infarction : ECG example 14
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Inferior MI with right ventricular infarction : ECG example 15

Acute inferolateral MI in a cocaine addict. There is right axis deviation, ST elevation  
in II, III, aVF and V6 and to a lesser extent in V5. There is ST depression and T wave  
depression in V3 and V4. Lead V1 shows incomplete right bundle branch block.
Coronary angiography revealed normal coronary arteries.

Sinus rhythm.
ST elevation in leads II, III and aVF.
Reciprocal ST depression in aVL.
Slight ST depression in leads V1 to V3.
Acute inferior MI due to occlusion of the
left descending artery that curves
over the apex.
(A) Coronary angiogram showing distal
occlusion of the left descending artery.
(B) The left descending artery after
percutaneous coronary intervention.

An apical infarct due to occlusion of the distal left descending artery (which curves around
the apex) may result in an ECG suggesting separate inferior MI and anteroseptal MI when
there is only one MI.



172

Normal sinus rhythm at 70 bpm, ST elevation in II, 
III, and aVF with III > II suggesting a right coronary 
occlusion. Marked ST depression in I and aVL  
which are consistent with a lesion in the proximal  
right coronary artery. There is also slight ST  
elevation in V1 suggesting the presence of a right  
ventricular infarct. Leads V3R and V4R show ST  
elevation > 1 mm indicating the presence of a right  
ventricular infarct. The patient presented with  
total occlusion of the proximal portion of a  
dominant right coronary artery (see coronary  
angiogram).

RCA = right coronary artery

Inferior myocardial infarction : ECG example 16

EB403
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Posterior myocardial infarction : ECG example 18

EB 420

EB 420

Sinus rhythm and atrial extrasystoles. Acute posterolateral MI. ST elevation in leads V5 and V6. ST  
depression in leads V1 to V3 which appears to be due to posterior ischemia or MI in this setting. 
Panel A: Coronary angiogram showing occlusive thrombus (arrow) in the proximal part of of the left  
circumflex artery (LCx). Panel B: Post PCI and stenting of the LCx.

Normal sinus rhythm. Posterior MI with left anterior hemiblock. There is a slight ST elevation in V5 and  
V6 which may represent lateral injury. Lead V1 shows a dominant R wave due to a recent posterior MI.



174

Infero-posterolateral myocardial infarction : ECG example 20
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Lateral myocardial infarction : ECG example 19

EB 404

Sinus bradycardia. Acute lateral MI with slight ST elevation in leads I and aVL due to a 
proximal occlusion of a left circumflex coronary artery (as seen in the coronary angiogram).

Acute infero-posterolateral MI. Sinus P waves at a rate of 96 bpm. Ventricular rate at 48 bpm due to  
second degree AV block. Pardee curve (ST elevation) in the inferior leads II, III, aVF. The ST  
elevation in lead III being larger than in lead II points to an occlusion of the right coronary artery  
(RCA). Reciprocal depression in leads I and aVL. The ST depression is greater in aVL than in lead I  
as lead aVL is more opposed to lead III.
ST depression in V1 to V3 as an expression of posterior ischemia due to occlusion of a dominant  
RCA.This occlusion of RCA supplying the AV node artery is responsible for the 2nd degree AV block  
with 2:1 conduction.
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Posterior myocardial infarction : ECG example 22

EB 373

B

EB 373

EB 418

Normal sinus rhythm with acute inferolateral MI. There is ST elevation in II, III, aVF, V3 to V6. There  
are Q waves in II, III, aVF, V5 and V6. There is a tiny r wave in V4. The strikingly tall R wave in V1 was  
due to an additional acute posterior MI.

Posterior MI. Normal sinus rhythm with subtle ST  
elevation in V6 (see panel A). Panel B shows the  
ECG V7 to V9. Leads V7 to V9 show an acute  
posterior MI with ST elevation in V7 to V9. There is no  
evidence of an inferior MI in the inferior leads. The R  
wave in V2 is slightly larger than the S wave.
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Anterior myocardial infarction : ECG example 23
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Anterior myocardial infarction : ECG example 24

EB412

Acute anterior MI  
involving occlusion  
of the left anterior  
descending artery  
(LAD) proximal to  
the first septal and  
first diagonal  
branches. The ST  
elevation in aVL  
indicates an LAD  
occlusion proximal  
to the first diagonal  
branch and the  
prominent ST  
elevation in V1  
reflects an LAD  
occlusion proximal  
to the first septal  
branch. There is  
also left anterior  
hemiblock.

Sinus rhythm (57 bpm). Old anteroseptal MI with anterior ischemia with giant negative  
T waves from V2 to V5.
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Anterior myocardial infarction : ECG example 26

EB385

EB393

Old MI with QS waves in leads V1 to V4 and persistent ST elevation consistent with  
a left ventricular aneurysm.

Extensive anterior myocardial infarction due to a proximal occlusion of the left anterior  
descending artery; consistent with occlusion of the left anterior descending artery proximal  
to the first septal and first diagonal branches.
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Anterior myocardial infarction : ECG example 28
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Acute anterior MI due to an occlusion of the left anterior descending artery, distal to the first 
septal perforator and distal to the first diagonal branch.The ST elevation is predominantly in 
leads V3 to V6. There is also an ST elevation in leads I and II. There are single premature 
complexes in leads I, II and III.

Acute anterior MI due to an occlusion of the left anterior descending artery proximal from the 1st  
diagonal branch and distal from the 1st septal perforator branch. The diagnosis of anterior MI  
is based on the ST elevation in V2 to V5. The severity and localization of the MI is based on the  
evaluation of the frontal leads. The ST depression in the inferior leads II, III and aVF points to a  
superiorly directed ischemia vector. The ST depression is most pronounced in lead III. Also note  
the ST elevation in aVL and to a lesser degree in lead I.
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Anterior myocardial infarction : ECG example 30
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Sinus rhythm 71 bpm. Old anteroseptal MI. Persistent ST elevation (V2 to V5) as expression of  
ventricular aneurysm. Complete right bundle branch block (QRS duration 160ms) with initial  
Q wave due to the MI.

Sinus rhythm at 69 bpm. Old anterior myocardial infarction with q waves in leads V1 to V5.  
Persistent ST elevation and terminal negative T waves in leads V1 to V6 due to a left ventricular  
aneurysm.
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Anterior myocardial infarction : ECG example 32
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Both ECGs (A & B) are recorded in a patient with a proximal stenosis of the left anterior descen- 
ding artery. Panel A is recorded during an anginal attack. There is a pseudo-normalization of the  
ECG during pain. The tall and broad T waves are a sign of ischemia. Panel B: the diagnosis of  
proximal left anterior descending artery stenosis was not recognized in this patient and no  
reperfusion was undertaken. The patient developed an extensive anterior MI with an acquired  
right bundle branch block and left anterior hemiblock. The development of complete right bundle  
branch block (which is not rate-dependent or intermittent) reflects a large infarct with a poor  
prognosis, a situation aggravated by the association of left anterior hemiblock which appeared  
after the ECG was recorded).

Sinus rhythm at 69 bpm. Acute extensive anterior MI due to occlusion of a left main stem in a  
patient with a dominant left circumflex artery (LCx). Massive ST elevation
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EB390

Anterior myocardial infarction : ECG example 34
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Sinus bradycardia at 54 bpm. Left atrial abnormality (enlargement or conduction  
delay). Broad P waves in lead II. Possible old MI : q waves in the inferior leads. Acute  
anterior ischemia with striking ST elevation in the precordial leads (V2 to V4) and to a  
lesser degree in leads V5, V6 and aVL. The ECG was recorded 6 hours post  
resuscitation of ventricular fibrillation.

Acute anterior MI due to occlusion of the left anterior descending artery proximal to the first  
diagonal branch. ST elevation in all precordial leads. ST elevation in lead I and ST depression  
in leads III and aVF due to a superiorly oriented ischemia vector.
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Anterior myocardial infarction : ECG example 36

EB421

EB258

Sinus tachycardia. Anterior and inferoapical MI beyond apex.
Massive ST elevation in V1 to V5 as well as in the inferior leads suggests proximal occlusion 
of a large left anterior descending artery which is wrapped around the left ventricular apex 
or occlusion of a left main coronary artery.

Sinus rhythm. Anteroseptal MI and recent right bundle branch block.
Note that complete right bundle branch block does not mask an anterior MI.
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Sinus rhythm at 56 bpm. High lateral MI with posterior ischemia. There is only a slight ST  
elevation in the anterolateral leads aVL, I and V6. A slight ST depression is visible in leads V2  
and V3 due to posterior ischemia.
Panel A: Coronary angiogram showing a proximal occlusion of the left circumflex artery (LCx).
Panel B: Coronary angiogram after percutaneous coronary intervention (PCI).

Anterior myocardial infarction : ECG example 37

EB404C
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Myocardial infarction and left bundle branch block :
 ECG example 39

Myocardial infarction and left bundle branch block :
 ECG example 38
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Sinus rhythm. ECG meeting all 3 independent criteria for the diagnosis of inferior MI  
with left bundle branch block. The ECG shows at least 1 mm concordant ST elevation  
in lead II, at least 1 mm ST depression in V2 and V3 as well as discordant ST  
elevation of at least 5 mm in leads III and aVF.

ECG pattern of MI after development of complete left bundle branch block.
There are many signs of anterior MI : tall initial positive deflection (R wave) in lead V1, Cabrera’s sign  
in leads V2 to V4, q wave leads I and aVL, and poor r wave progression in leads V4 to V6.
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Paced rhythm with myocardial infarction : ECG example 41

Myocardial infarction and left bundle branch block :
 ECG example 40

I

II

III

aVR

aVL

aVF

V1

V2

V3 V6

V5

V4

I II III

aVR aVL aVF

V1 V2 V3

V6V5V4

Sinus rhythm with left bundle branch block and an acute anterolateral MI. There is obvious
concordant ST elevation in aVL which is less prominent in lead I. The right precordial leads
V1 to V4 show marked discordant ST elevation. The striking ST elevation in lead V4 is not
seen in uncomplicated left bundle branch block.

Paced rhythm. 12-lead ECG showing old anteroseptal myocardial infarction during unipolar DDD  
pacing in a patient with complete AV block. The ventricular stimulus does not obscure nor contribute  
to the qR pattern in leads I, aVL and V6. Leads V2 to V4 show Cabrera’s sign and a variant in lead V5.  
The lack of an underlying rhythm because of complete AV block excluded the presence of ventricular  
fusion, which should always be excluded in this situation.
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ACUTE PERICARDITIS 1

1. The ST segment elevation in 
acute pericarditis is usually 
“concave”, compared with the 
“convex” appearance of the ST 
segment in the acute injury stage 
of a myocardial infarction (MI).
2. The widespread ST segment 
elevation does not correspond 
with any specific arterial terri-
tory, which usually occurs with 
acute MI.
3. Reciprocal changes are absent 
in acute pericarditis, but frequent 
with acute MI. 

PR

PR

ST

ST

aVR

V5

ECG changes in acute pericarditis mainly indicate inflammation of the epicardium (the layer directly 
surrounding the heart). The ECG is useful in the diagnosis of acute pericarditis, with abnormalities 
found in approximately 90% of cases. Not all cases of pericarditis include each of the four stages 
shown below. In fact, all four stages are present in only 50% of patients or less.
Stage  I :

Stage  II :

Stage  III :

Stage  IV :

The most sensitive ECG change characteristic of acute pericarditis is ST segment elevation, which 
reflects the abnormal repolarization that develops secondary to pericardial inflammation. The ST 
elevation occurs during the first few days of pericardial inflammation and is mainly characterized by 
diffuse upward concavity (saddle-shaped). ST segment elevation is usually less than 5 mm with 
concordance of the T wave. ST elevation involves the limb leads and precordial leads with reciprocal 
ST segment depression only in aVR and V1. This limited change in aVR and V1 represents a lack of  
substantial reciprocal changes corresponding to the extensive ST elevation. PR segment  
depression that may be subtle (1 mm or so) may occur in all the leads except aVR and V1 where the
PR segment may be elevated. The PR changes are thought to be due to atrial wall injury.
Thus, the PR and ST changes are opposite in direction. The PR changes are very specific and may 
be earliest manifestation of pericarditis. The ECG may show low voltage (i.e. decreased amplitude 
of the QRS complexes) and there are no Q waves. This stage may last up to two weeks.

Normalization of ST and PR deviations; T wave flattening. This stage lasts from days to several  
weeks.

Diffuse T wave inversion. This stage begins at the end of the second or third week and lasts several 
weeks (these changes may not be present in all patients).

Gradual resolution of T wave inversion that may last up to three months. Alternatively T waves may  
become indefinitely inverted.
The development of a pericardial effusion may cause low QRS voltage and excessive cardiac 
mobility may cause total electrical alternans.
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V6 V6

Concave
ST segment

Notched
or slurred

J point

Symmetrical
large 

T wave

ST elevation due to early repolarization

Other conditions may have ECG features similar to those of acute pericarditis. These conditions 
most commonly include myocardial infarction and early repolarization. The ST segment elevation 
that occurs during acute pericarditis is usually “concave”, compared with the “convex” appearance 
of the ST segment that occurs during the acute injury stage of a myocardial infarction. The 
widespread ST segment elevation does not correspond with any specific arterial territory, which 
usually occurs with territorial distribution in acute myocardial infarction. Also, obvious reciprocal 
changes are absent in acute pericarditis, although they are frequently found with acute myocardial 
infarction. Another feature that may aid in differentiating acute pericarditis from acute myocardial 
infarction is the absence of T wave inversion at the time of ST segment elevation in pericarditis. 
Such a change classically occurs with acute myocardial infarction where T wave inversions appear  
before the ST segments return to baseline. Acute myocardial infarction may generate Q waves or  
loss of R wave voltage in the precordial leads.

Early repolarization (ER) is a normal variant that does not evolve with the stages of acute peri- 
carditis. Early repolarization is distinguished by ST segment elevation limited to the precordial  
leads, elevation of the ST segment in V1, an isoelectric ST segment in lead V6 and notching of the  
terminal aspect of the QRS complex. A useful measurement in differentiating acute pericarditis from  
early repolarization is the ST / T ratio in lead V6. This is calculated by dividing the millimeters of ST  
segment elevation by the millimeters to the tallest point of the T wave. Each value is measured from  
the isoelectric point. With an ST / T ratio greater than 0.25 in lead V6, acute pericarditis is almost  
always present. An ST / T ratio smaller than 0.25 suggest the early repolarization variant.

The J point is the point at which there is an abrupt transition from the QRS complex to the ST 
segment. Deviation of the J point from the isoelectric line causes a J-deflection. Early repolarization 
is a variant seen in approximately 2 to 5% of the general population, with predominance in  
young men especially in athletes and people of African-American descent.

DIFFERENTIAL DIAGNOSIS

ST segment height = 1 mm
T wave height = 6 mm
ST / T wave ratio = 0.16
ST / T < 0.25 is consistent with ER

ST segment height = 1.5 mm
T wave height = 3.5 mm
ST / T wave ratio = 0.43
ST / T > 0.25 is consistent with pericarditis
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ACUTE PERICARDITIS 2

EB311

aVRII

Early repolarization is characterized by elevation of the J point or the ST segment itself at the  
beginning of the ST segment (onset of ventricular repolarization) seen in 2 contiguous leads.  
Sometimes, this is accompanied by relatively prominent and peaked concordant T waves. There  
may be slurring of the terminal QRS (the transition from the QRS to the ST segment) or notching (a 
positive deflection inscribed on the terminal QRS). Notching and slurring at the J point is highly  
suggestive of early repolarization variant.

The pattern of ST elevation varies in degree, morphology, and location and may be dynamic waxing  
and waning over time. The ST segment is concave up (cup-like and also referred to as rapidly  
ascending).The ST elevation (up to 3 mm or so) is more likely in the lateral precordial leads V3 to 
V6. Although ST changes may be observed diffusely in many leads (normally 1 mm or less in the limb  
leads), approximately one-half of patients with precordial lead findings have no ST deviations in the  
limb leads. ST changes may transiently return to the baseline when the J point is minimally elevated  
with a prominent T wave. Bradycardia enhances the early repolarization pattern. Although so-called  
“early repolarization” has been considered a completely benign finding for many years, prognosis  
may vary according to the morphology of the ST segment or which leads are affected.

A pattern of ST segment elevation similar to early repolarization may be seen in patients with  
myocardial infarction.

Pericarditis with PR elevation in aVR and PR depression in lead II
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I III
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EB312

Early repolarization with concave ST segment elevation, notched J point and symmetrical 
large T waves.

QRS  
alternans 
due to 
a large 
pericardial 
effusion.

Early repolarization has recently been found to be associated with an increased risk of cardiac death  
from ventricular fibrillation. Early repolarization may be important in patients with syncope, family  
history of sudden death or even in the presence of ventricular tachyarrhythmias. At present, we have  
no way of finding the asymptomatic patients at risk for sudden death. Nothing is required in such 
individuals.
Acute myocarditis can cause diffuse ST segment elevation, as does pericarditis. Furthermore, at times 
the prominent ST segment elevation of acute myocarditis can simulate acute myocardial infarction.
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Cor pulmonale is defined as an alteration in the structure and function of the right ventricle caused 
by a primary disorder of the pulmonary system. Cor pulmonale usually presents chronically, but two 
conditions can cause acute cor pulmonale: pulmonary embolism (more common) and acute res- 
piratory distress syndrome (ARDS). In chronic cor pulmonale, right ventricular hypertrophy (RVH) is 
generally seen. Acute cor pulmonale causes mainly right ventricular dilatation. In massive pulmo- 
nary embolism cor pulmonale is due to the sudden increase in pulmonary vascular resistance.

ECG is neither a sensitive nor a specific tool for diagnosing right atrial enlargement, RVH, or  
pulmonary hypertension. The ECG will be normal in mild cases of RVH. However, the ECG abnor-
malities may support the patient’s clinical evaluation and may prevent the changes on the ECG 
from being wrongly attributed to other conditions, such as cardiac ischemia.

Right atrial enlargement
The electrocardiographic changes suggesting right atrial enlargement often correlate poorly with  
the clinical and pathologic findings. Right atrial enlargement is associated with chronic  
obstructive pulmonary disease, pulmonary hypertension, and congenital heart disease. Right  
atrial hypertrophy or dilatation generates tall P waves in the anterior and inferior leads, though the  
overall duration of the P wave is not usually prolonged. A tall P wave (height at least 2.5 mm) in  
leads II, III and aVF is known as a P pulmonale. Right atrial enlargement is mostly associated with  
right ventricular hypertrophy, a combination that may be reflected in the ECG. The ECG features of  
right atrial enlargement may be present without coexisting evidence of RVH. P pulmonale may  
appear transiently and without the manifestations of RVH in patients with acute pulmonary  
embolism.

Chronic obstructive pulmonary disease
In chronic obstructive pulmonary disease (COPD), hyperinflation of the lungs leads to depres-
sion of the diaphragm, a vertical heart position with associated clockwise rotation of the heart 
(the right ventricle is more anterior and the left ventricle more posterior). This clockwise rotation 
causes the transitional zone (defined as the progression of rS to qR in the chest leads) to shift 
towards the left with persistence of an rS pattern as far as V5 or even V6. This may give rise to 
a “pseudoinfarct” pattern, poor R wave progression or even Q waves as in anterior myocardial 
infarction. The complete absence of R waves in leads V1 to V3 is known as the “SV1-SV2-SV3” 
pattern. The amplitude of the QRS complexes may be small as the hyperinflated lungs are poor 
electrical conductors especially in the left precordial leads (V4 to V6). There may be right axis 
deviation and right ventricular hypertrophy. Left axis deviation is less common. Right atrial 
hypertrophy or dilatation is associated with tall P waves. A tall P wave (P pulmonale) may be the 
most frequent ECG abnormality in COPD. Right atrial enlargement and right ventricular hyper-
trophy (sometimes indicated by right bundle branch block) are manifestations of cor pulmonale. 
Typical arrhythmias are atrial fibrillation, atrial flutter and multifocal atrial tachycardia which is a 
rapid, irregular atrial tachycardia with at least 3 distinct P wave morphologies (associated with 
increased mortality in patients with COPD). Multifocal atrial tachycardia is typical of COPD and is 
often confused with atrial flutter.

THE ECG IN EXTRACARDIAC DISEASE 1

PULMONARY DISEASES and COR PULMONALE
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Pulmonary embolism (PE) is one of the most commonly missed diagnoses leading to mortality in 
hospitalized patients. This is often due to the nonspecific signs and symptoms of pulmonary em- 
bolism. There are no pathognomonic ECG changes for the diagnosis or its exclusion. No isolated  
ECG abnormality is definitely associated with PE and the ECG can occasionally be normal. ECG  
changes are all fairly insensitive for the diagnosis of PE. ECG changes appear when pulmonary  
embolism is sufficiently large to cause right ventricular dilatation. A large embolus or multiple  
smaller emboli will cause acute pulmonary hypertension. Rather it is the constellation of ECG ab- 
normalities that helps one to suspect the diagnosis of PE. The commonest ECG abnormality is  
sinus tachycardia. ECG abnormalities are often transient and sequential ECGs should be recorded.  
The ECG abnormalities resolve with appropriate therapy. ECG findings noted during the acute  
phase of pulmonary embolism can include any number of the following:
* Right shift of QRS axis
* Right axis deviation
* “S1Q3T3” - prominent S in lead I, Q and inverted T in lead III
* Right bundle branch block, complete or incomplete, often resolving after the acute phase
* Clockwise rotation: shift of the R/S transition point toward V6, persistent S wave in V6
* ST elevation in V1 and aVR
* Tall R wave in V1
* Generalized low-amplitude QRS (less than 5 mm in the inferior leads)
* Arrhythmias: sinus tachycardia, atrial fibrillation/flutter. New onset of atrial fibrillation is important.
*  Right ventricular strain pattern: T wave inversions in V1 to V3, sometimes extending to V4. 
Simultaneous T wave inversions in the inferior (II, III, aVF) and right precordial (V1 to V3) leads.

*  Right atrial enlargement (P pulmonale): peaked P waves in lead II (> 2 mm in height) in the 
absence of ECG evidence of right ventricular hypertrophy.

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6
EB330

Acute Pulmonary Embolism. Sinus rhythm - RR = about 880 ms; HR = about 69 bpm; 
P pulmonale P wave > 2.5 mV; right axis deviation: QRS axis at +125°; deep S wave in I & aVL; 
qR in III & aVF; S1Q3T3 syndrome; incomplete RBBB; negative T wave in V1 & V2.
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HYPOTHERMIA

time

Osborn wave   or   J wave

A
d

Amplitude (A) and duration (d) decrease during warming up.

II

II

II

II

Lead II in the same
patient at different

temperatures.

32°C - 89.6°F
QTc = 578 ms

32°C - 89.6°F
QTc = 504 ms

35°C - 95.0°F
QTc = 506 ms

36°C - 96.8°F
QTc = 462 ms

Hypothermia can be accidental or medically induced. Therapeutic hypothermia is used to protect the 
brain of comatose patients with anoxic brain injury following resuscitation from prehospital witnes- 
sed cardiac arrest and cardiopulmonary resuscitation.
Elderly people are particularly at risk during the winter months as they often live alone in inade- 
quately heated rooms. The Osborn wave, also known as the J wave, is the most striking ECG fea- 
ture. It is a “hump-like” deflection between the QRS complex and the early part of the ST segment. 
The amplitude and the duration of the wave increase with decreasing body temperature. With  
rewarming, the amplitude decreases but the J wave abnormality can persist 12 to 24 h after res- 
toration of body temperature. Ventricular arrhythmias are the most common mechanism of death in  
hypothermia. They seem to be more common during rewarming as the body temperature rises  
through the 28–32 °C range. The Osborn wave is caused by a more prominent potassium current  
caused by a transmural voltage gradient created by the presence of a prominent action potential  
notch in the epicardium but not in the endocardium. The Osborn wave is not specific for  
hypothermia, as it may be seen in hypercalcemia, certain CNS lesions and as a normal variant.
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I

II

III

aVR

aVL

aVF

V1

V3

V2

V4

V5

V6

EB316

Same patient with 
hypothermia at 35°C - 95°F

Same patient with 
hypothermia at 36°C - 96.8°F

V5

V6

EB318

V5

V6

EB319

Patient  treated with hypothermia (temp. 32°C - 89.6°F) after resuscitation of out-of-hospital 
cardiac arrest. Sinus bradycardia 49 bpm. The P waves are hardly visible. First degree AV  
block: PR = 360 ms. Prominent Osborn waves visible in all leads.

Note. The medical benefit of hypothermia was first discovered in the 19th century when a 
surgeon in Napoleon’s army noticed that wounded soldiers that were put close to a camp-fire  
expired earlier than those who were not rewarmed...
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DISEASES OF THE CENTRAL NERVOUS SYSTEM

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

EB334

The association of specific ECG changes with intracranial disease has been recognized for over  
50 years. ECG abnormalities occur most often in patients with subarachnoid hemorrhage, but  
also have been described in cases of ischemic stroke, intracranial hemorrhage, head trauma,  
neurosurgical procedures, and intracranial space-occupying tumors.

The most striking ECG changes are usually associated with subarachnoid hemorrhage. The 
abnormalities are less pronounced in patients with a nonhemorrhagic stroke. Cerebrovascular 
disorders mainly cause abnormalities of ventricular repolarization.There is no specific abnormal-
ity. The most common findings are depressed ST segments, flat or inverted T waves, prominent 
U waves (> 1 mm), and prolongation of the QTc interval. Q waves may also occur. The ECG 
changes also include symmetrically large peaked T waves and giant, wide “roller coaster” inverted T 
waves that reflect myocardial ischemia unrelated to the traditional form of coronary artery dis-
ease. Prolonged QT intervals are uncommonly associated with torsades de pointes (polymorphic 
ventricular tachycardia). The ECG changes in disease of the autonomic nervous system some-
times cannot be differentiated from those noted in acute coronary syndrome. The ECG abnormali-
ties are often transient but may persist as long as 8 weeks. Many patients with ECG changes have 
no clinical evidence of myocardial damage.

Patient with subarachnoid hemorrhage. RR interval = 960 ms; heart rate = 63 bpm; 
measured QT = 450 ms ; corrected QTc = 460 ms . Marked T wave inversions in the 
absence of coronary artery disease.
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data suggest that some kind of neurologically mediated myocardial injury exists especially in  
subarachnoid hemorrhage.The ECG abnormalities do not represent a manifestation of coexisting  
coronary artery disease. It is likely that the ECG changes reflect transient electrophysiologic  
changes in the heart presumably from reflex mechanisms related to a general disturbance of the  
autonomic system. Autopsy studies of the heart in patients who died following acute stroke have  
shown widespread myocardial necrosis and hemorrhagic lesions that were detected near the nerve  
endings suggesting a possible neurogenic origin.

Acute pancreatitis may be associated with ST segment elevation imitating acute myocardial  
infarction. Other abnormalities include nonspecific T wave changes, sinus tachycardia, QT  
prolongation and intraventricular conduction disturbances. The mechanism of these changes is  
obscure. It could be the result of metabolites, reflexes, coronary spasm or the effect of proteolytic  
enzymes causing myocardial necrosis.

No changes may occur. However possible changes include: sinus bradycardia, a prolonged PR  
and QT interval, low P, T and QRS amplitude, ST deviation or T wave flattening/inversions across  
most or all leads, atrioventricular and intraventricular conduction disturbances such as right bundle  
branch block. A pericardial effusion which may occur in up to 30% of the patients may be  
responsible for the ECG changes.

ECG manifestations of hyperthyroidism are common, although no abnormality is pathognomonic.  
Sinus tachycardia is the most common cardiac arrhythmia. Atrial fibrillation occurs in 25% of  
hyperthyroid patients and usually is associated with a rapid ventricular response. Evaluation for the  
presence of underlying structural heart disease in the presence of atrial fibrillation, always requires  
ruling out hyperthyroidism. Intraventricular conduction disturbances, most commonly a left anterior  
fascicular block or right bundle branch block, occur in a small proportion of hyperthyroid patients  
without underlying heart disease. Nonspecific ST segment/T wave abnormalities also are noted in  
25% of patients. Atrial flutter, supraventricular tachycardia, and ventricular tachycardia are  
uncommon.

ACUTE PANCREATITIS

HYPOTHYROIDISM

HYPERTHYROIDISM
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ELECTROCARDIOGRAPHY IN ATHLETES

A BV1 V1

V2 V2

V3 V3

V4 V4

V5 V5

V6 V6

Increased QRS voltage

Incomplete right bundle branch block

Early repolarization

Isolated increases in QRS voltage are common. Such voltage correlates poorly with left ventricular  
mass in young athletes. In the absence of other markers suggesting actual left ventricular  
hypertrophy (axis changes, ST-T wave changes in repolarization, atrial abnormalities, increased  
QRS width), high QRS voltage is not a sufficient reason in isolation to refer an athlete for further  
evaluation.

Incomplete right bundle branch block is common in the athlete (36–50%). It occurs most often in  
athletes engaged in endurance sport. The conduction disorder is probably due to right ventricular  
enlargement.

The finding of ST elevation in V3 to V6 with an elevated J point and a peaked upright T wave is com- 
mon (50–80% of resting ECGs) but it seems to regress with age and when training declines and often  
changes or disappears during a bout of exercise or with increasing heart rate. The magnitude of ST  
elevation is modulated by autonomic influences and changes from time to time. ST elevation > 2 mm  
seems to be unusual even in athletes. The most common pattern in the Caucasian population  
consists of ST elevation of the QRS-ST junction (J point) of at least 0.1 mm from baseline often  
associated with notching or slurring of the terminal portion of the QRS complex. It is most often  
localized in the precordial leads. The ST elevation shows an upward concavity and ends in a positive 

T wave.
In athletes of African origin, the pattern consists of  
ST elevation with an upward convexity followed by  
inversion of the T wave in leads V2 to V4. This pattern  
must be differentiated from Brugada syndrome.  
Early repolarization in asymptomatic young people  
or athletes is not predictive of malignant ventri- 
cular tachyarrhythmias despite the findings that  
early repolarization is more frequent in patients  
with “idiopathic” malignant ventricular tachy- 
arrhythmias than in patients without the early  
repolarization pattern.

Adapted from Corrado et al. - European Heart 
Journal 2010; 31 : 243-259

Precordial early repolarization in two healthy 
athletes
A.  ST segment elevation with upward concavity 

 (blue arrows),  followed by a positive  T wave 
 (black arrows)

B.  ST segment elevation with upward convexity 
 (blue arrows), followed by a negative T wave 
 (black arrows)
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ST depression

Manifestation of increased vagal tone

T wave inversion

Axis

Sinus bradycardia, prolonged PR interval, and Wenckebach second-degree AV block are common  
in athletes as a result of the high resting vagal tone. These findings are related to increased para- 
sympathetic tone and decreased resting sympathetic tone. Further evaluation is not required for  
sinus bradycardia as low as 30 bpm (with sinus arrhythmia, some RR intervals prolong to 3  
seconds) or a prolonged PR interval up to 0.30 s should not prompt further workup. These ab- 
normalities often resolve with exercise, confirming their functional origin.

The axis of the QRS complex is greatly dependent on age: it begins rightward at birth and shifts  
leftward with age. As most screened athletes are at an age when the axis is still in transition, right- 
axis deviation is a common finding. In older populations, right-axis deviation is rare and generally  
associated with pulmonary disease. Left-axis deviation is the most common abnormal ECG finding  
in the 30 to 40 age group.
In athletes, mild right-axis deviation should not trigger further evaluation unless there is a history of  
pulmonary disease or systemic hypertension. For isolated axis deviation an acceptable range lies  
between −30 and +115 degrees.

T wave inversion (TWI) has similar prevalence among athletes and sedentary controls, suggesting  
that it is not a training-related phenomenon. TWI ≥ 2 mm in two adjacent leads is rare.  
Cardiomyopathy should be ruled out. TWI is more common in black athletes. In athletes not of  
African origin, TWI ≥ 1 mm in leads III, aVR, V1 and V2 should lead to further evaluation. In athletes  
of African origin, TWI after ST elevation in V2 to V4 does not need investigation whereas inferior or  
lateral lead TWI warrants follow-up.

ST depression is rare in athletes and always deserves further workup. The mechanism is  
unknown. Heart disease should be ruled out if the ST depression is accompanied by T wave  
inversion.

ECG of a 25-year- 
old soccer player  
of Caucasian  
origin. 
Sinus rhythm at 
61 bpm;  
PR = 156 ms; 
QRS axis = 74°; 
QTc = 423 ms; 
incomplete right  
bundle branch  
block.

I V1

V2

V3

V4

V5

V6

II

III

aVR

aVL

aVF
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Chapter 11

SINUS NODe  
DYSFUNCtION

* Sinus rhythms  - sinus tachycardia and sinus bradycardia
* Sinoatrial block
* Sinoatrial Wenckebach and sinoatrial 2:1 block
* Wandering atrial pacemaker
* AV junctional rhythm

http://www.wiley.com/go/stroobandt/ecg
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SINUS RHYTHMS

Sinus Tachycardia (> 100 bpm)

Sinus Bradycardia (< 60 bpm)

HR = 122/min

HR = 52/min

1st degree SA block
S

S-A

A
PP PP

 SINOATRIAL BLOCK

Sinoatrial block: The sinus node continues to discharge at regular inter-
vals but some impulses cannot exit from the sinus node or are consider-
ably delayed. Like AV block, sinoatrial block manifests the patterns of first-, 
second- or third-degree block. 

time

720 ms720 ms 720 ms 720 ms1440 ms

Pause

2nd degree SA block (exit block)

PR interval :
slightly shorter

QT interval :
slightly shorter

PR interval :
slightly longer
or normal

QT interval :
slightly longer

Since the P waves are regular, the ECG looks normal and 1st degree SA cannot
be seen.

As a rule the sinus pauses exhibit long P-P intervals that are exact multiples of
the basic and shorter P-P intervals.
This form is sometimes described as type II SA exit block.
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3rd degree SA block (exit block)

S

S-A

A

< 2 PP

time

time

time

Pause

PP PP PP1 12 2

Block

NOTE : Sinus Pause or Sinus Arrest

PP P

junctional
escape

complex

This abnormality causes a gradual decrease in the sinus PP intervals (and in the 
RR intervals because the PR interval remains constant) or group beating. The 
Wenckebach phenomenon is in the sinoatrial junction and not in the AV node.
This apparent gradual increase in the sinus rate is then followed by sinus pause. 
The Wenckebach phenomenon is not recognized by its face but its footsteps, in this 
case the gradual shortening of the PP intervals.

This is a disorder of impulse formation. The pauses show long PP intervals that are 
not exact multiples of the shorter basic PP interval representing sinus rhythm.

This may be present when there is a slow junctional rhythm and no P waves
can be seen.
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Normal sinoatrial conduction (baseline)
S

S-A

A
PP PP

1st degree SA block
S

S-A

A
PP PP

2nd degree type II SA block (Exit block)
S

S-A

A
= 2 PP

2nd degree type I SA block (Wenckebach)
S

S-A

A
< 2 PP

 SINOATRIAL BLOCKS

Abnormalities of SA node function are either due to failure 
to form impulses or caused by failure to conduct them.

S : sinus node ; S-A : sinoatrial junction ; A : atrial tissue ;
PP : interval between consecutive P waves ; Δ : conduction delay

Neither SA node activity (discharge) nor conduction from the SA node to the atrium can be
recorded. Neither 1st nor 3rd degree SA blocks can be diagnosed from the ECG. In 1st degree 
sinus node block the ECG may show sinus rhythm or sinus bradycardia. Only 2nd degree SA 
block can be diagnosed from ECG.
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time

time

700 ms 700 ms740 ms 740 ms1300 ms

Pause

time

720 ms720 ms 720 ms 720 ms1440 ms

Pause

time

720 ms720 ms 720 ms 720 ms1400 ms

Pause

1st degree SA block
the ECG looks normal

progressive shortening of the PP interval followed by a pause which is shorter than
2 x the shortest PP interval (occurring immediately before the pause)

2nd degree type I SA block (Wenckebach)

2nd degree type II SA block (Exit block)
a group of constant PP intervals is followed by a pause of exactly 2 regular PP intervals

Sinus pause or sinus arrest: the pause is less than 2 x PP interval
a group of constant PP intervals is followed by a pause less than 2 regular PP 
intervals or longer than 2 PP intervals but not a multiple of the basic PP interval

When a pause is not an exact multiple of the PP interval, it is customary to label it as sinus arrest 
regardless of the mechanism. In other words this diagnosis might ignore a possible combination of  
1st-degree and 2nd-degree conduction abnormality involving exit of an impulse from the sinoatrial  
junction rather than failure of the SA node to generate an impulse.
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S S S S SS

A A A A A

SA

SS SS SS SS SS

Δ1

Δ1 Δ1Δ2

Δ2 Δ3

Δ4Δ3

PP1 PP2 PP3 PP4

block

shortest PP

LADDER DIAGRAM – SA 5:4 WENCKEBACH

1 2 3 4 5

1 2 3 4 5 6

Isoconduction interval

shorter than 
2 x PP3

EXAMPLE

S-A

A A A A

S S S S S S1 2 3 4 5 6

1 2 3 4 A5

3460ms

692ms 692ms 692ms 692ms 692ms

780ms 740ms 705ms 1235ms

80 80200 240 270

3460ms/705ms = 4.90  --> next integer 5

SS interval = 3460ms/5 = 692ms

isoconduction interval
shortest pp

Δ = Sinoatrial delay; increment of delay reduces each interval i.e.
{(Δ2 − Δ1) > (Δ3 − Δ2) > (Δ4 − Δ3)}

lsoconduction interval = duration of a whole Wenckebach cycle
SS = interval between 2 consecutive pulses of the sinus node
pp = interval between 2 p waves as seen on the eCG
Number of SS intervals: n = next integer greater than   

Duration of the SS interval: SS = isoconduction interval
n
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S1

P1 P2 P3 P4 P5

S2 S3 S4 S5 S6

672 ms

820 ms 890 ms

672 ms

780 ms 1080 ms

672 ms

700 ms

672 ms 672 ms

Sinoatrial Wenckebach

Sinoatrial 2:1 block

S1

P1 P2 P3 P4 P5

S2 S3 S4 S5 S6

670 ms

670 ms

670 ms

2 x 670 = 1340 ms

670 ms 670 ms 670 ms

670 ms 670 ms

Lead V1

Lead II

Note the difference between the two types of pauses (missing QRS 
complex). 
* With a sinoatrial Wenckebach the pause of the P waves is not exactly two 

times the SS interval  and the RR interval is not constant.
* With a sinoatrial block the basic PP interval remains constant and the 

pause is a multiple of that basic interval.

Sudden absence of a P-QRS sequence, progressive shortening of the P-P interval, 
P-P interval pause < 2x pre-pause interval, post-pause interval > pre-pause interval 

Sudden absence of a P-QRS sequence and the long P-P interval is exactly twice 
the basic P-P interval
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WANDERING ATRIAL PACEMAKER

Sinus-
Node

(A)

(B)

Escape
Focus 
from

AV junction

(C)

Escape
Focus 
in RA

(D)

Escape
Focus 
in LA

Different P wave morphology, different PR intervals, different PP intervals

1 2 3 4 5

normal PR short PR very short PR

DIAGNOSIS 
A. Three morphologically different P waves

B. Rate lower than 100 bpm

C. Exclude frequent atrial premature beats

Lead II

1 2 3 4 5
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II

lead II

Wandering pacemaker. Note that the pattern consists basically of varying
supraventricular escape beats

The ECG resembles superficially that of a wandering pacemaker. In fact there are
late multifocal atrial premature beats which actively usurp the atrial rhythm. It is not
a passive escape mechanism.

Wandering atrial pacemaker (WAP) is an atrial arrhythmia that occurs 
when the natural pacemaker site shifts passively from the head of the 
sinoatrial node to more distant sites in the node itself, to other parts of 
the atria, and/or the AV junction. This shifting of the dominant pacemaker 
is manifested electrocardiographically by changes in the size, shape and 
direction of the P waves. The diagnosis of WAP requires 3 morphologically 
different P waves.
  The PR intervals vary according the site of the dominant pacemaker and 
may be short with AV junctional or low atrial beats as they are located 
close to the AV node. A wandering atrial pacemaker produces an irregular 
rhythm with varying RR intervals. The rate is usually between 45 and  
100 bpm by definition but the rate is rarely fast. When the rate exceeds  
100 bpm, the arrhythmia becomes multifocal atrial tachycardia which is 
more serious.
  A wandering pacemaker is usually caused by varying vagal tone. With 
increased vagal tone the sinoatrial node slows and permits other pacemaker 
sites to emerge because their automatic properties are slightly faster for a 
brief period. After vagal tone decreases the sinus node resumes its natural 
control of the heart.
  A wandering pacemaker is basically benign and often occurs in 
young people or athletes because of augmented vagal tone. It must be 
differentiated from sinus rhythm with frequent atrial premature beats where 
there is a regular underlying rhythm.
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the eCG shows an aV junctional rhythm of 33 bpm. No p waves are visible. the p waves
are in all likelihood buried inside the QrS complex.

Together, the bundle of His (down to where it begins to branch), and the AV node are called the AV junction 
or just “the junction”. Cardiac rhythms originating from these areas are called supraventricular rhythms. The 
regions that constitute the AV junction are divided according to cell types: atrial-nodal (AN) region, nodal (N) 
region, and the nodal-His (NH) region. The middle N region has no automaticity. The NH part of AV node is 
the usual site in the AV junction capable of firing spontaneously. AV junctional rhythms were formerly called 
“AV nodal” or simply “nodal” rhythms. All cells of the conduction system have the potential to generate 
electrical impulses. Normally the higher frequency of the sinoatrial node will override the other cells of the 
conduction system. The AV junction has intrinsic automaticity that allows it to initiate depolarizing impulses 
during periods of significant sinus bradycardia or complete heart block. This escape mechanism usually has 
a rate of 40–60 bpm (always consider digitalis toxicity when the rate is faster). Junctional rhythms produce a 
narrow QRS complex because the ventricle is depolarized via the normal conduction pathway. A junctional 
escape rhythm may occur in the absence of heart disease.
An accelerated junctional rhythm (rate > 60) is a narrow complex rhythm that often supersedes the sinus 
mechanism which may or may not be slow. Accelerated junctional rhythms may be due to digitalis intoxica-
tion or heart disease and are seldom seen in normal individuals. The rate of accelerated junctional rhythms 
is 60–100 bpm. If the rate is more than 100 bpm, the rhythm is called junctional tachycardia.
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215AV JUNCTIONAL RHYTHM 2

V1

II III

ATRIAL ACTIVITY DURING A JUNCTIONAL RHYTHM

The pattern of atrial activity is similar in all junctional rhythms (escape, accelerated, 
tachycardia and premature complexes) and the diagnostic criteria similar. AV 
dissociation will be present if there is no retrograde conduction to the atrium. AV 
dissociation is often confused with third-degree AV block. It is not AV block and 
theproof lies in recording long strips to demonstrate capture beats (sinus impulses 
traversing the AV junction on the way to the ventricle) that will occur earlier than the 
expected AV junctional beat. The term isorhythmic AV dissociation is used to describe 
a rhythm where the atrial and ventricular rates are virtuallly similar. However, long 
rhythm strips should reveal a capture beat.
The key to recognizing a junctional rhythm begins in leads II, III and aVF. Here, the 
P wave is normally always upright and only negative when the impulse is coming 
from below the atria. Thus, inverted retrograde P waves in the inferior leads and a 
narrow QRS immediately indicates that the primary pacemaker has shifted to the 
AV junction. In the presence of retrograde conduction, the P and QRS relationship 
may exhibit one of 3 patterns: a visible inverted P wave preceding the QRS in the 
inferior leads (PR < 0.12 s), an invisible P wave buried within the QRS complex due 
to simultaneous activation of the atrium and the ventricle, and a visible inverted P 
wave succeeding the QRS.

The arrows point to the retrograde P waves
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Chapter 12

preMatUre  
VeNtrICULar  

COMpLeXeS (pVC) 

* Definitions 
* Unifocal PVC with fully compensatory pause 
* Multifocal PVCs 
* PVC causing retrograde P wave and noncompensatory pause 
* Interpolated PVC and PR prolongation 
* Coupling interval 
* End-diastolic PVC 
* PVCs and the “R on T” phenomenon 
* Paired PVCs 
* PVC configuration and morphology
* Parasystole
* Accelerated idioventricular rhythm 
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Unifocal PVCs originate in a single location in the ventricles; they are uniform and have  
identical configuration. On the contrary, multifocal PVCs start at two or more ectopic foci 
in the ventricles; these PVCs have different configurations 

PREMATURE VENTRICULAR COMPLEXES 1

* Premature ventricular complexes (PVC) originate in ectopic foci in 
  the ventricles
* PVCs occur earlier than expected
* They are not preceded by P waves
* The QRS duration of PVCs is larger than 0.12 s because the depola-
  rization front does not follow the normal conduction system (His
  bundle and bundle branches)
* The T wave is discordant to the QRS complex
* PVCs are followed by a pause that is usually fully compensatory

700 ms

1400 ms700 ms

700 ms700 ms

700 ms 700 msA
AV
V

P1

R R1 2

P2

Unifocal PVC with fully compensatory pause

Multifocal PVCs

PVC PVC

lead II

compensatory
pause

2 RR 2 RR RR

II

1 2
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700 ms

700 ms 1295 ms < 1400 ms

700 ms700 ms

700 msA
AV
V

P1

R R1 2

P2 P’

PVC causing a retrograde P wave and noncompensatory pause

PVC

< 2 RR RR

 RR  RR

noncompensatory
pauseP’

II

III

lead II
slightly longer

Interpolated PVC and PR prolongation

An interpolated PVC is sandwiched between two consecutive sinus complexes, without  
causing a pause. The atrium is not retrogradely depolarized and the normal sinus rhythm  
and its associated ventricular response are completely unperturbed.
However, the PR interval after the PVC may be longer because the impulse from the PVC  
enters the AV node retrogradely and creates partial refractoriness. 
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PREMATURE VENTRICULAR COMPLEXES 2

C.I.

longer C.I. shorter C.I.

C.I.fixed CI

700 ms

1400 ms700 ms

700 ms700 ms

700 ms 700 msA
AV
V

P1

R R1 2

P2

End-diastolic PVC 

PVC

P end-diastolic PVC

The Coupling Interval 
The coupling interval refers to the distance or interval (in ms) between the PVC and the 
preceding normal QRS complex. 

A fixed coupling interval is fairly common for unifocal PVCs originating in the same ectopic 
focus from which the depolarization wavefront takes the same route.

Variable coupling intervals are mostly associated with multifocal PVCs originating from 
different ectopic foci having different morphologies.

End-diastolic PVCs occur so late that the next P wave is already partially or completely inscribed. 
This often results in a fusion complex. An end-diastolic PVC always has a long coupling interval. 
Note that these PVCs may easily be mistaken for aberrantly conducted premature atrial (PAC) 
or junctional (PJC) complexes. A fusion beat reflects ventricular depolarization from 2 foci (sinus 
conducted beat and PVC). Its configuration is intermediate between the configuration of a pure 
supraventricular beat and the configuration of a pure PVC.
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Paired PVCs 

V1

V1

lead II

V1

II

T wave

< 400 ms

The “R on T” phenomenon describes the occurrence of a PVC beginning at or near the apex 
of the T wave of the previous complex (the so-called vulnerable period). Such PVCs were 
originally considered to carry a grave prognosis (being associated with ventricular fibrillation).
The R on T PVC is only of importance in patients with an acute myocardial infarction or myo-
cardial ischemia or with long QT intervals where it may be associated with the risk of ventricular 
fibrillation.

PVCs in bigeminy
the PVCs alternate  
with normal sinus  
complexes 

PVCs in trigeminy
a PVC occurs every 
third complex 

PVC quadrigeminy
every fourth complex 
is a PVC 

PVCs in couplet
a sequence of two 
PVCs

PVCs in triplet
a salvo of three  
consecutive PVCs  
(must be differentiated  
from a run of PVCs or  
unsustained ventricular  
tachycardia)



222
PREMATURE VENTRICULAR COMPLEXES 3

PVC Configuration and Morphology

lead II

lead V1

lead I

lead V1

A PVC may have a morphology that resembles a right or a left bundle branch block 
depending upon the location of origin. It is assumed that the PVC originates in the left 
ventricle when it has a positive deflection or tall R wave in lead V1 (right bundle 
branch block configuration), while a negative complex with a deep S wave in V1 
(resembling a left bundle branch block morphology) originates in the right ventricle. 
A PVC originating in the interventricular septum often has a left bundle branch block 
morpholgy. However, this is not always a reliable way to identify the site of origin.

Premature Ventricular Complexes (PVC) with Left Bundle 
Branch Block Morphology (LBBB) 
Two leads (II and V1) from the same patient 

Premature Ventricular Complexes (PVC) with Right Bundle 
Branch Block Morphology (RBBB)
Two leads (I and V1) from the same patient
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Parasystole

A ventricular parasystolic rhythm refers to an independent ectopic 
ventricular rhythm whose focus of origin is protected in the sense that 
impulses coming from the sinus rhythm cannot enter and reset the 
parasystolic focus (entrance block). Exit block occurs only secondary to 
refractoriness of ventricular myocardium surrounding the parasystolic 
focus. Thus, an impulse coming from sinus rhythm can create a field of 
refractoriness around the parasystolic focus, limiting the rate and timing 
of its emerging impulses; in other words, the autonomous parasystolic 
focus can deliver impulses to the myocardium but cannot be reset by 
impulses originating elsewhere. Accordingly, the ECG shows the classic 
triad of (1) variable coupling between sinus beats and ectopic QRS com-
plexes, (2) ventricular fusion beats, and (3) a fixed common denominator 
of interectopic intervals between manifest parasystolic extrasystoles 
(x2, x3, x4 ... etc).

FB

IC = 3600 ms = 3 x 1200 ms

IC = 3600 ms = 3 x 1200 ms IC = 3600 ms = 3 x 1200 ms

IC = 6000 ms = 5 x 1200 ms

IC = interectopic interval
FB = fusion beat
      = parasystolic extrasystole 

Lead II continuous
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225ACCELERATED IDIOVENTRICULAR 
RHYTHM

Accelerated idioventricular rhythm (AIVR) is defined as an enhanced ectopic  
ventricular rhythm with at least 3 consecutive ventricular beats faster than normal  
intrinsic ventricular escape rhythm (> 40 bpm), but slower than ventricular tachy- 
cardia (at least 100 bpm). It used to be called slow ventricular tachycardia but this term  
is inappropriate. It can only emerge when its automatic rate is faster than the sinus  
rate. It is often a self-limited rhythm. AIVR most often occurs as a marker of successful  
reperfusion in acute myocardial infarction and rarely occurs in the normal heart. AIVR  
is often well tolerated and seldom needs any specific treatment. Occasionally it leads  
to hemodynamic instability due to the loss of AV synchrony or a relatively rapid  
ventricular rate. 
In most cases, the mechanism of AIVR appears to be related to enhanced auto- 
maticity in His-Purkinje fibers and/or myocardium caused by a variety of circum- 
stances. When this enhanced automaticity surpasses that of the sinus node, AIVR  
manifests as the dominant rhythm of the heart. Sinus bradycardia may facilitate the  
appearance of AIVR. Most AIVRs originate from a single focus.
AIVR should not be diagnosed solely based on ventricular rate. The important  
diagnostic points are: rate, wide QRS complexes and the absence of P waves  
preceding the QRS. Misdiagnosis of AIVR as slow ventricular tachycardia or complete  
heart block can lead to inappropriate therapies with potential complications. AIVR  
must also be differentiated from bundle branch block. AIVR differs from ventricular  
tachycardia by additional features such as the gradual onset with a long coupling  
interval, the end by a gradual decrease of the ventricular rate or increase of the sinus  
rate. It resolves as sinus rate surpasses the rate of AIVR. AIVR may be associated  
with frank AV dissociation, retrograde P waves, fusion beats and capture beats. In  
complete heart block and AV dissociation the atrial rate is faster than the ventricular  
rate. During AIVR with AV dissociation fusion beats and capture beats provide proof  
that AV conduction is not compromised. A fusion beat occurs when ventricular  
depolarization occurs via 2 foci (supraventricular and ventricular). The resultant QRS  
complex assumes an intermediate configuration from the 2 sites and the QRS may be  
narrower than the AIVR complexes. A capture beat traverses the AV junction and  
achieves complete ventricular depolarization so that the QRS is supraventricular and  
narrow.
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Chapter 13

atrIOVeNtrICULar 
BLOCK

* Normal conduction
* First-degree AV block
* Second-degree AV block type I and type II
* 2:1 and advanced second-degree AV block
* Complete or 3rd-degree AV block
* AV block with narrow or wide QRS complexes
* Unifascicular, bifascicular and trifascicular blocks
* Overview of 2nd-degree AV block
* ECG pitfalls in the diagnosis of 2nd-degree AV block

227

ECG from Basics to Essentials: Step by Step. First Edition. Roland X. Stroobandt, S. Serge Barold and Alfons F. Sinnaeve.  
Published 2016 © 2016 by John Wiley & Sons, Ltd. Companion Website: www.wiley.com/go/stroobandt/ecg

http://www.wiley.com/go/stroobandt/ecg


228

R

R

R

P

P

P

P

P

P

R

R

R

SN(1)

SN(1)

SN(1)

AVN(2)

AVN(2)

AVN(2)

RB

RB

RB

LB

LB

LB

A

A

A

V

V

V

(3)

(3)

(3)

V(4)

V(4)

V(4)

NORMAL CONDUCTION

1st degree AV BLOCK

2nd degree AV BLOCK type I (Wenckebach or Mobitz 1)

time

time

time

(1)

(1)

(1)

(2)

(2)

(2)

(3)

(3)

(3)

(4)

(4)

(4)

160
ms

160
ms

190
ms

190
ms

280
ms

290
ms

280
ms

280
ms

280
ms

290
ms

280
ms

160
ms

160
ms

160
ms

delay

ATRIOVENTRICULAR BLOCK 1

normal prolonged blocked

810 ms 810 ms 810 ms

800 ms

800 ms 800 ms 800 ms 800 ms

800 ms 800 ms 800 ms

810 ms 810 ms

inter-
mittent
block

910 ms 910 ms1520 ms



229

1st DEGREE AV BLOCK

1. The PR interval is prolonged > 200 ms or 0.20 s
2. Every P-wave is followed by a QRS complex

2nd DEGREE AV BLOCK (Mobitz type I or Wenckebach)

1. The diagnosis requires the presence of sinus rhythm (which 
    may be regular or irregular) and at least 2 consecutive con-
    ducted P waves (thus excluding 2:1 AV block).
2. Progressive prolongation of the PR interval before a noncon-
    ducted P wave (i.e. before a missing QRS complex).
3. Two or more consecutive P waves are conducted but only a 
    single P wave is blocked.
4. The PR interval always shortens immediately after the pause 
    i.e. in the first conducted P wave.

There are three types of AV block based on the severity of the conduc-
tion abnormality:

First-degree AV block

Second-degree AV block
           * Mobitz type I (also called AV Wenckebach)
           * Mobitz type II 
           * 2:1 fixed-ratio AV block 
           * High-grade (also called advanced) 2nd degree AV block

Third-degree or complete AV block

The PR interval represents the time from the onset of atrial depolarization to the 
onset of ventricular depolarization as seen on the ECG. 
Activation originating in the sinus node can be delayed anywhere between the 
atria and the ventricles (including AV node, His bundle, bundle branches and fas-
cicles) although the prolongation is almost always due to slowing of conduction 
within the AV node.

*  Long sequences often generate atypical behavior of the PR intervals. The greatest  
increment of the PR interval may not always occur in the second PR interval.

*  The conduction ratio is the ratio of the total number of P waves to the number of  
P waves that are conducted. Thus, a 4:3 Wenckebach means that of 4 consecutive  
P waves only 3 are conducted and the 4th is blocked.
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2nd DEGREE AV BLOCK (Mobitz type II)

1. Two or more consecutive P waves are conducted;
    only single P waves are blocked (this requirement excludes
    2:1 AV block).
2. The PR interval remains constant before and after the 
    blocked P wave. (The PR interval may be normal or 
    prolonged, but does not vary.)
3. The R-R intervals are constant because the sinus rate is
    constant, i.e. the P-P intervals are stable (the R-R interval
    is twice as long if a P wave is blocked).

HIGH GRADE 2nd DEGREE AV BLOCK

1. Two or more consecutive P waves are blocked.
2. High grade AV block with narrow QRS complexes may be 
    nodal or infranodal. When the QRS complexes are wide, the 
    block is almost always infranodal.

*  Type II block is always infranodal.
*   The QRS complex is mostly wide (65–80%) but may be occasionally narrow  

(if the block occurs in the His bundle).
*  A vagal surge can cause simultaneous sinus slowing and AV nodal block  

superficially resembling type II block. Therefore stability of the sinus rate is  
an important criterion for the diagnosis of type II block.

*  Diagnosis of type II block may not be possible if there is sinus slowing, but  
is possible with an increasing sinus rate.

*   The conduction ratio refers to the number of P waves that are blocked  
before a P wave is conducted ; e.g. a 3:1 ratio means that of three con- 
secutive P waves, only one is conducted.

*  High grade 2nd degree AV block might be defined as an AV block with a  
blocking ratio of 3:1 or higher (3:1 , 4:1 , ...)
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Complete or 3rd degree AV BLOCK
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FIXED-RATIO 2:1 AV BLOCK

1. Every other P wave is conducted, alternating with every
    other blocked P wave. 
2. 2:1 block cannot be classified as type I or type II because
    only a single P wave is conducted (two conducted P waves
    are needed to evaluate the behavior of the PR interval).

COMPLETE or 3rd DEGREE AV BLOCK

1. Third degree AV block is the complete absence of conduc-
    tion of electrical impulses from the atria to the ventricles.
2. Unless an escape rhythm comes to the rescue, the ventricles
    will remain asystolic. Only P waves will be present on the
    ECG causing lightheadedness, syncope or sudden death.
3. The escape rhythm is completely independent of the 
    sinus rhythm. P waves and QRS complexes are completely 
    dissociated.
4. QRS complexes can be narrow or wide, depending upon the
    location of the block and the origin of the escape rhythm.
 

The atrial rate must be faster than the ventricular rate !

* QRS complexes may be wide or narrow.
*  Barring myocardial infarction, sustained 2:1 block with a wide QRS com- 

plex occurs in the His-Purkinje system in 80% of cases (with 20% in the  
AV node).

*  As the PR interval looks constant, 2:1 AV block is often mistaken for  
type II block.
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Left Unifascicular Block or Hemiblock

LAH Block LPH Block

Left posterior
fascicle

AVN

HIS

RBB

Main trunk (LBB)Main trunk (LBB)

Left anterior
fascicle

AVN

HIS

RBB

LBB

LBB BlockAVN

HIS

RBB

Main trunk (LBB)

Left anterior
fascicle

Left posterior
fascicle

AVN

HIS

RBB

OR

Left Bifascicular Block or 
Complete Left Bundle Branch Block

Right Unifascicular Block or 
Complete Right Bundle Branch Block

Predivisional
LBBB

Postdivisional
LBBB (LAH + LPH)

RBB Block LBB

AVN

HIS

RBB
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Complete AV  Block

LBB

AVN

HIS

RBB

LBB

AVN

HIS

RBB

LBB

AVN

HIS

RBB

LBB

AVN

HIS

RBB

AV Nodal Block

Bilateral Bundle Branch Block
(Trifascicular Block)

Trifascicular Block

His bundle Block
(Infranodal Block)

All conduction disorders in the His-Purkinje system may 
be permanent, transient, intermittent (rate-independent) or 
rate-dependent usually precipitated by tachycardia (phase 
3 block) and rarely by bradycardia (phase 4 block).

Bilateral bundle branch block such as RBBB alternating with LBBB or vice versa 
(even recorded at different times) in the same patient constitutes trifascicular 
block. 
The terms complete AV block and trifascicular block are not synonymous. 
Trifascicular block (or conduction abnormality) may exist without complete AV 
block in a situation that eventually progresses to complete AV block, e.g. RBBB 
with alternating LAH and LPH.
It is a common error to label bifascicular block with 1st-degree AV block as tri-
fascicular block because the block can be either in the  AV node (outside the His-
Purkinje system) or in the His bundle or in all three fascicles.

Abbreviations : AVN = atrioventricular node ; LAH = left anterior hemiblock ;
LBB = left bundle branch ; LBBB = left bundle branch block ; LPH = left posterior
hemiblock ; RBB = right bundle branch ; RBBB = right bundle branch block
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Diagrammatic representation of various forms of second-degree AV block. The 3 levels represent
activation of the atria (A), the AV junction (AV) and the ventricles (V). All noted values are in ms.

(A) Classic type I AV block. (B) Relatively long and atypical type I sequence. Note the irregular  
fluctuations of the PR intervals before the dropped beat.

(C) Relatively long and atypical type I sequence with several constant PR intervals before a  
dropped beat. Note the shorter PR interval after the blocked P wave. This pattern should not be  
called type II AV block. It is essential to examine all PR intervals in long rhythm strips and not  
merely several PR intervals preceding a blocked impulse. (D) True type II AV block. Every atrial im- 
pulse successfully traverses the AV node which is not afforded a long recovery time as occurs in  
type I AV block. Note that the PR interval after the blocked beat is unchanged.
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(E) Dropped beat followed by a 30 ms shortening of the PR interval.This pattern should not be  
called type II AV block. It may be a type I AV block or unclassifiable if shortening of the PR interval is  
due to an AV junctional escape beat. (F) Type II AV block according to some of the old definitions  
that allow a 20 ms shortening of the post block PR interval. This is now generally labeled as a type I  
block with very small increments in conduction. (G) Advanced second-degree AV block (failure of  
conduction of 2 consecutive P waves without warning). All PR intervals are constant including the  
first one after the block. This suggests infranodal block.

Sinus rhythm; left anterior hemiblock (marked left axis deviation); complete right bundle  
branch block consistent with bifascicular block.
There is Mobitz type II 2nd-degree AV block (3:2 block) and 2:1 AV block. The PR intervals are  
constant before and after the blocked P waves.
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OVERVIEW OF 2ND-DEGREE AV BLOCK

Illustrative example 2

Illustrative example 3

Illustrative example 4
V1

V6
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V1

V3

?

Type I variant. The PR intervals are constant before the blocked beat. There is sinus slowing at  
the time of the nonconducted P wave. Sinus slowing with concomitant AV block is typical of a  
vagal effect. The PR interval after the block is shorter than those before the block. Such  
recordings should not be misinterpreted as type II block.

2nd-degree AV block. The PR intervals are constant before the blocked atrial impulse. This  
should not be misinterpreted as type II block because there is no PR interval for examination after  
the blocked P wave. This pattern is best described as unclassifiable.

Alternating bundle branch block. The ECG starts with left bundle branch block. A slightly prema- 
ture atrial impulse (arrow) precipitates right bundle branch block. The longer PR interval during  
left bundle branch conduction points to a more severely damaged right bundle branch. Alter- 
nating bundle branch block is an indication for pacemaker implantation.
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Illustrative example 6
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Development of 2:1 AV block induced by exercise shown in a 3-lead ECG. Holter recordings were  
unremarkable. (A) The ECG showed sinus rhythm at 60 bpm, complete right bundle branch block  
and left anterior hemiblock. There was no evidence of AV block. (B) During treadmill testing the  
patient developed an 2:1 AV block. (C) Recovery with return of 1:1 AV conduction. AV block on  
exercise is typical of infranodal block.

Normal sinus rhythm with a high-degree of AV block. Some of the beats exhibit a very long PR  
interval. These beats are most probably conducted across the AV node with marked delay and  
are associated with shortening of the RR interval. Sudden shortening of the RR intervals during  
complete AV block suggests intermittent AV conduction rather than an irregularity of an  
idioventricular rhythm.
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OVERVIEW OF 2ND-DEGREE AV BLOCK

Illustrative example 7

Illustrative example 8
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Complete AV block. There is AV dissociation and the atrial rate is faster than the ventricular rate.  
The idioventricular rhythm is regular at 45 bpm.

Bradycardia-dependent (phase 4) AV block sometimes called “paroxysmal block”. There is sinus  
rhythm (73 bpm) on the left. An atrial premature beat precipitates paroxysmal AV block with  
prolonged ventricular asystole during which the sinus rhythm increases to about 83 bpm. During  
1:1 AV conduction the ECG was normal with narrow QRS complexes. This type of AV block is  
always due to disease of the His-Purkinje system. The latter acquires the property of spontaneous  
depolarization. During long pauses the abnormal site becomes less responsive to subsequent  
impulses which are therefore blocked. This type of AV block must be differentiated from vagally- 
mediated AV block.
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ECG Pitfalls in the Diagnosis of 2nd-Degree AV Block

*  Nonconducted atrial premature beats masquerading as AV block.

*  What appears to be narrow QRS type II block may be a type I variant.

* Failure to suspect type I block in the presence of miniscule increments
 of the PR interval.

*  Atypical type I sequences mistaken for type II block.

*  Making the diagnosis of type II block without seeing a truly conducted
   first postblock P wave (“shortage” of PR intervals).

*  Type I AV block can be physiologic in athletes (resulting from heavy
   physical training) and occasionally in young individuals.

*  Type I AV block can be physiologic during sleep in individuals with
   high vagal tone.

*  Failure to suspect vagally-induced AV block, i.e. vomiting.

*  Poor correlation between narrow QRS type I block and symptoms.

*  Beliefs that all type I blocks are AV nodal because type I block with a  
   wide QRS can sometimes be infranodal.

*  Failure to realize that type I and type II almost never occur in the same
   ECG or Holter recording especially if the QRS is narrow. Therefore the
   presence of type I block strongly suggests that the tracings resembling
   type II block are in effect type I blocks with very small increments of the
   PR interval.
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atrIaL rhYthM 
DISOrDerS

* Atrial flutter definition and reentry
* Atrial flutter diagnosis
* Atrial flutter and ventricular rate
* Atypical atrial flutter
* Atrial fibrillation definition and classification
* Long-short rule – Ashman phenomenon
* Pathophysiology and principles of therapy
* Carotid sinus massage
* Sick sinus syndrome – bradycardia-tachycardia syndrome
* Supraventricular tachyarrhythmias

° Tachycardias related to the sinoatrial node

° Atrial tachycardias 
* Atrioventricular nodal reentrant tachycardia
* Atrioventricular reentrant tachycardia (AVRT)

° Accessory pathways and delta waves

° Orthodromic and antidromic AVRT
* Permanent junctional reciprocating tachycardia (PJRT)
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ATRIAL FLUTTER 1 

Atrial flutter (AFL) is a very fast atrial rhythm (240–300 bpm). The atrial flutter rate may 
be  slower (even < 200 bpm) in the presence of pharmacologic therapy or marked con-
duction delay within the atria. The atrial rhythm is regular and organized. Occasionally it 
may coexist with atrial fibrillation and is then called atrial flutter-fibrillation.
The common type of AFL is a macro-reentrant phenomenon in the right atrium in con-
trast to atrial fibrillation which is never sustained by macro-reentry.
There are two types of common flutter: anticlockwise and clockwise. They both engage 
the same macro-reentrant pathway in the right atrium but in opposite directions. The 
anticlockwise form constitutes about 90% of all atrial flutters and is by far more common 
than the clockwise form of common atrial flutter (AFL).

IVC

SVC

CS

IVC

SVC

CS

PV

Schematic representation of reentry circuits
Anticlockwise Clockwise

negative flutter waves in the
inferior leads (leads II, III, aVF)

positive flutter waves in the
inferior leads (leads II, III, aVF)

timetime

RA
RA

CS = coronary sinus ; IVC = inferior vena cava ; SVC = superior vena cava ; PV = pulmonary veins

All reentrant processes must have an area of slow conduction for sustaining an arrhythmia.  
In common AFL the area of slow conduction is in the lower part of  the right atrium.
In anticlockwise AFL the depolarization front emerges from the site of slow conduction and 
passes along the posterior wall of the right atrium, then upwards along the atrial septum and 
then it travels inferiorly along the anterior and lateral wall of the right atrium to its destination 
point of origin where it reengages the same macro-reentrant pathway in a self-perpetuating 
fashion.
Clockwise (inverse or reverse) AFL takes the identical depolarization pathway but in the 
opposite direction.
Common AFL can be cured by catheter ablation of the area or slow conduction in the lower 
right atrium (cavotricuspid isthmus between the tricuspid orifice and the inferior vena cava). 
This type of atrial flutter is called isthmus dependent.

Reentry
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ECG of the typical AFL
There is a typical sawtooth appearance without isoelectric segments and without P waves.  
The flutter waves called “F waves” are inverted in the inferior leads (II, III, aVF) because the  
activation moves from the inferior to the superior part of the heart. The F waves are positive in  
lead V1. The positive part of the F wave (craniocaudal) lasts longer and is less visible than the  
negative portion (inferior to superior). There are no isoelectric segments in the inferior leads. 
This pattern is highly predictive of anticlockwise atrial flutter.
In clockwise AFL, the flutter waves are reversed (i.e. positive) in the inferior leads and  
negative in V1. The pattern of clockwise AFL may be impossible to differentiate from that of 
atypical AFL.

3:1 and 5:1 blocks are possible but are rare.
The diagram shows how the atrial impulses achieve varying degrees of penetration into the AV node

Atrial flutter with varying AV block 2:1, 4:1, etc.
    (The atrial rate is 300 bpm and the ventricular rate varies from 150 bpm to 75 bpm)
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ATRIAL FLUTTER 2 

Atrial flutter rate slowed due to the effect of antiarrhythmic drug

The diagnosis is usually easy. A common mistake is to call AFL sinus tachycardia at a  
rate of 150 bpm. It is an important clinical rule that a narrow QRS tachycardia at a rate  
close to 150 bpm should be considered as being AFL until proven otherwise. With this  
concept one can then look for the “hidden” F waves on the T wave. AFL must be  
differentiated from other forms of supraventricular tachycardia. Carotid sinus  
massage often causes a higher degree of AV block such as 4:1 AV block whereupon  
the atrial flutter waves are easily recognizable. With the common types of reentrant  
supraventricular tachycardia, carotid sinus massage may either terminate the  
tachycardia or have no effect. Multifocal atrial tachycardia and atrial tachycardia with  
AV block (atrial rate usually < 240 bpm) must be ruled out. If the QRS complex is wide  
(functional or stable bundle branch block), AFL at a rate of 150 bpm may mimic  
ventricular tachycardia. Artifacts from tremor (as in Parkinson’s disease) may closely  
resemble AFL. The ECG should then be taken at the highest points on the extremities.

Diagnosis

The atrial rate is 220 bpm (slower than classic AFL) and the ventricular rate is 110 bpm.
It is important not to mistake this arrhythmia for sinus tachycardia.
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Effect of Carotid Sinus Massage (CSM) on atrial flutter.
CSM slows the ventricular rate by producing high grade AV block

Atrial flutter (300 bpm) with 2:1 ventricular response (150 bpm)

There is mostly 2:1 AV block. The average irregular ventricular rate is about 150 bpm. 
Note that in AFL with 2:1 block the ventricular rate is almost never perfectly regular.  
Some atrial impulses are blocked in the AV node. They may travel along the AV node  
and are then blocked at various levels within the node while others traverse the AV node  
successfully. The atrial impulses blocked in the body of the AV node influence the con- 
duction of subsequent atrial impulses with resultant variations in AV conduction that  
cause obvious or subtle irregularity of the ventricular rate.

The ECG suggests anticlockwise AFL at a rate of 250 bpm
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ATRIAL FLUTTER 3

The ventricular rate is usually 150 bpm because of 2:1 AV block (i.e. 2 atrial  
impulses and 1 ventricular impulse). This is a functional AV block (the tollbooth  
effect as a safety or protective mechanism) because the normal AV node can  
conduct the atrial impulses on a 1:1 fashion (300 bpm) only in exceptional  
circumstances. Such a 1:1 conduction is rare but may occur in patients with an  
accessory pathway that bypasses the AV node (no protective mechanism as in the  
AV node) or in states of excessive catecholamine (adrenaline) stimulation or even  
exercise. Some antiarrhythmic agents can also precipitate 1:1 AV conduction. With  
medication with drugs that block AV nodal function the degree of functional block  
may increase to 4:1 AV block or periods of 2:1 AV block may occur with periods of  
4:1 block. Conduction ratios of 3:1 or 5:1 are unusual. The ventricular rate may be  
slow if the patient already has partial or complete AV block.

Ventricular rate

The tracing shows atrial flutter at a rate of about 300 bpm and varying degrees of AV block.
Anticlockwise AFL is ruled out by the pattern in lead II where the F waves are positive. This 
is compatible with clockwise AFL but a nonisthmus-dependent AFL cannot be ruled out.
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Atrial flutter with complete AV block

Atypical Atrial Flutter
Atypical AFL may occur in many parts of the heart especially the left atrium. AFL may  
also revolve around a scar from previous cardiac surgery or occur after catheter 
ablation in the left atrium as for atrial fibrillation. These flutters produce electrocar- 
diographic patterns that usually do not resemble those of common AFL in the right  
atrium. Indeed, left AFL is often fast, 340–350 bpm, obviously not isthmus-  
dependent and behaves like atrial fibrillation. Finding the origin and mechanism of 
these atypical flutters requires an invasive electrophysiologic study.

The escape ventricular rate is 33 bpm
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ATRIAL FLUTTER 4

Antiarrhythmic drugs, especially flecainide or propafenone (class 1C), may slow the flutter to 200 
+/- 20 bpm. A slower atrial rate can change the usual 2:1 AV block (e.g. when the atrial rate is 300 
bpm and the ventricular rate is 150 bpm) to 1:1 AV conduction which seems to be a paradoxical 
response as far as the ventricular rate is concerned. 1:1 AV conduction may occur if AV nodal 
blocking drugs are not administered together with antiarrhythmic agents. A 1:1 AV response may be 
blocked by the administration of AV nodal suppressing agents that delay AV nodal conduction.
1:1 AV conduction of ordinary atrial flutter is rare. The ventricular rate approaches 300 bpm and 
causes aberrant ventricular conduction thereby mimicking ventricular tachycardia. The com- 
monest cause of 1:1 AV conduction is an accessory pathway (with a short refractory period) as in 
the Wolff-Parkinson-White syndrome. Other patients with an AV node capable of rapid conduction 
(due to a bypass tract across part or all of the AV node) may develop 1:1 atrial flutter especially in 
response to increased sympathetic tone as with exercise. Such patients may have short PR 
interval in sinus rhythm. Rapid AV conduction may also occur in hyperthyroidism. Very fast 
ventricular rates close to 300 bpm may lead to syncope, hemodynamic collapse and ventricular 
fibrillation.



251Coronary Care Unit
Keep quiet

How did you make the diagnosis
of atrial flutter from the end of the
bed where you could not possibly
see the monitored ECG ?

It’s simple. I saw the monitor 
display a rate of 150 and then 
I looked at the patient. As he 
was in no distress, I made the 
diagnosis of atrial flutter with 
2:1 AV block. I ruled out sinus
tachycardia at a rate of 150 in 
which case the patient would 
have been in distress and ob-
viously very sick. On the other
hand, atrial flutter with 2:1 AV 
block and a ventricular rate of 
150 (or close to it) may be inter-
preted as sinus tachycardia. 
Remember if an atrial deflec-
tion occurs in the middle of an 
RR interval, there is probably 
another atrial deflection buried 
inside the QRS complex.

It is important to remember that the ventricular rate in atrial flutter varies slightly. This 
is because the atrial impulses achieve varying degrees of penetration in the AV node 
before being blocked thereby creating different levels of refractoriness which will 
influence AV conduction of subsequent beats. Therefore an absolutely regular ven-
tricular rate may represent a separate AV regular junctional rhythm as in digitalis 
toxicity.

On the other side the ECG shows 1:1 atrial flutter at a rate of 215 bpm in a patient taking flecainide. At 
this fast ventricular rate the QRS complex is different from the one at a slower rate on the right. The 
altered QRS morphology is caused by aberrant ventricular conduction at a fast rate. On this page the  
ECG shows atrial flutter at a rate of 210–215 bpm with 2:1 AV block (ventricular rate of approximately 
107 bpm) after administration of an agent that attenuated AV nodal conduction.
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ATRIAL FIBRILLATION 1

IVC

SVC

CS

PV

Compared with atrial flutter in which 
there is one reentrant circuit and is 
organized, atrial fibrillation has multi-
ple reentrant circuits and no organi-
zation.
Atrial fibrillation (AFib) is the most 
common arrhythmia and is due to 
uncoordinated atrial myocardial 
activity due to multiple reentry 
circuits associated with deterioration 
of atrial mechanical activity. In 
essence the atria quiver with no 
effective contraction.CS: coronary sinus; PV: pulmonary vein; 

IVC: inferior vena cava; SVC: superior vena 
cava

AFib has a high incidence in the elderly, increasing with age. Patients can develop AFib  
secondary to cardiac disease that affects the atria (e.g. congestive heart failure, hyper- 
tensive heart disease, rheumatic heart disease, coronary artery disease) but sometimes  
no cause is found. AFib patients tend to be older, and AFib is more likely to be persistent in  
the elderly.
In AFib, the normal regular electrical impulses generated by the sinoatrial node are over-
whelmed by impulses usually originating in the roots of the pulmonary veins that dis-
organize the atrial rhythm, creating an irregular atrial rhythm (AFib), leading in turn to  
irregular conduction of impulses to the ventricles. AFib may occur in episodes lasting from  
minutes to days (“paroxysmal”), or may be permanent in nature.

  Classification scheme for patients with atrial fibrillation
Published guidelines from an American College of Cardiology (ACC)/ American Heart Association 
(AHA)/ European Society of Cardiology (ESC) Committee of experts on the treatment of patients  
with atrial fibrillation recommend classification of AFib into the following 3 patterns :
*  Paroxysmal AFib : Episodes of AFib that terminate spontaneously within 7 days (most episodes 

last less than 24 hours).
*  Persistent AFib : Episodes of AFib that last more than 7 days and may require either pharma- 

cologic or electrical intervention to terminate.
*  Permanent AFib : AFib that has persisted for more than 1 year, because electrical cardio- 

version has either failed or has not been attempted. 
This classification scheme pertains to cases that are not related to a reversible cause of AFib.  
Paroxysmal AFib is considered to be recurrent when a patient has 2 or more episodes. If recurrent  
AFib terminates spontaneously, it is designated as paroxysmal. Long-term follow-up of paroxysmal  
AFib often shows progression to permanent AFib. Persistent AFib is considered persistent,  
irrespective of whether the arrhythmia is terminated by pharmacologic therapy or electrical  
cardioversion. Persistent AFib may be either the first presentation of AFib or the result of recurrent  
episodes of paroxysmal AFib. Patients with persistent AFib also include those with long-standing 
AFib in whom cardioversion has not been indicated or attempted, often leading to permanent AFib.
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AFib produces a totally irregular rhythm with absence of P waves. There are small irregular “f 
waves” (350–600 bpm) creating an undulating baseline. A wise observer coined the statement “the 
tracing never sits still!” . Occasionally the baseline is flat, a finding more commonly seen with 
longstanding AFib. When the baseline is flat, an AV junctional rhythm should be ruled out if the 
ventricular rate is slow. AFib can coexist with third degree AV block in which case the ventricular 
rate is slow and the baseline shows a pattern typical of AFib.

In the untreated patient, the ventricular rate is fast and irregular; it may be as fast as 200 bpm though  
it is usually 140–160 bpm. There is no pattern to the irregularity, so AFib may be described as  
irregularly irregular. The rate can be close to 300 in patients with a bypass (accessory) tract that  
does not utilize the AV node for transmission to the ventricles.

In addition to the above scheme, the term “lone atrial fibrillation” has been used to identify AFib in 
younger patients without structural heart disease, who are at a lower risk for thromboembolism. The  
definition of lone AFib remains controversial, but it generally refers to paroxysmal, persistent, or 
permanent AFib in youger patients (< 60 y) who have normal echocardiographic findings.

AFib with rapid irregular ventricular rate 150–160 bpm. Note the low amplitude f waves in V1 .

AFib with an average of about 100 bpm and complete right bundle branch block.

  Lone atrial fibrillation

    Electrocardiogram
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ATRIAL FIBRILLATION 2

Atrial fibrillation is an irregularly irregular ventricular rhythm. However, when 
there is a rapid ventricular response, on the first look the rhythm may appear 
regular but on closer inspection it is clearly definitely irregular. The irregu-
larity is best ascertained with calipers.

  Increased morbidity and mortality is due in part to thromboembolic stroke. Disruption of the 
atrial electromechanical function causes stasis and the development of thrombus most 
commonly in the left atrial appendage from which it can embolize. AFib increases the risk of a 
stroke by a factor of 5.
  AFib may precipitate heart failure by loss of the atrial contribution to the cardiac output. AFib 
is very common in heart failure patients. Acutely, AFib may cause hemodynamic deterioration, 
left ventricular dysfunction and heart failure. 
  Tachycardia-mediated cardiomyopathy is a long-term complication of a fast ventricular rate 
and may lead to heart failure. The process can often be reversed by slowing the ventricular 
rate or returning to sinus rhythm.
  AFib is dangerous in patients with an accessory tract capable of  conducting rapidly to the 
ventricle. Such a bypass tract should always be considered when the ventricular rate is 200–
300.

An ECG report of AFib should state whether the ventricular rate 
is regular or irregular

V1

V2

V3

Atrial fibrillation and apparent 
regular ventricular response.
Simultaneous recording of V1 to 
V3 showing atrial fibrillation and  
a fast ventricular rate. Note that  
the ventricular intervals become  
virtually regular. The irregularity  
becomes apparent only on close 
inspection. This is a normal  
response when the rate is rapid 
and it should not be misinterpre- 
ted as an AV junctional tachy- 
cardia.

Regular ventricular rate
1. Slow rate. An escape or relatively slow AV junctional rhythm is often caused by digitalis toxicity.  
The RR intervals may normalize in duration for only a few cycles, merging in and out of the basic  
irregular ventricular rate. This rhythm is often missed. The regular intervals can be identified with  
calipers. The rhythm is the reason for stating in an ECG report whether the ventricular rate is  
regular or irregular.
2.  Fast rate. AV junctional tachycardia. Also suspect digitalis toxicity.
3.   Wide complex tachycardia. This is usually ventricular tachycardia if the ventricular rate is  
regular.
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The Ashman phenomenon refers to aberrant ventricular conduction due to a change in QRS cycle  
length. The long-short rule was first described in 1947 in AFib to explain aberrant conduction  
(usually with right bundle branch block morphology). Aberrancy was observed when a relatively  
long cycle was followed by a relatively short cycle. The short cycle ended with the aberrantly  
conducted beat.
Aberrant conduction depends on the relative refractory period of the components of the con- 
duction system distal to the AV node. The refractory period (recovery time of the conduction  
system) depends on the heart rate and changes with the RR interval of the preceding cycle. A short  
RR interval reduces the duration of the refractory period. A longer cycle or slower heart rate leng- 
thens the ensuing refractory period and, if a shorter cycle follows, the beat ending it is likely to be  
conducted with aberrancy. A right bundle branch block pattern is more common than a left bundle  
branch block pattern because of the longer refractory period of the right bundle branch. The  
Ashman phenomenon causes diagnostic confusion with ventricular premature complexes.

AFib needs a trigger that induces the arrhythmia and a substrate that sustains it. The pulmonary  
veins (with a sleeve of atrial tissue) were found to be the focal triggers for many cases of AFib.  
This has been confirmed by the successful treatment of AFib by catheter ablation of these  
pulmonary triggers. Other trigger sites with a muscular sleeve around a large vein such as the  
superior vena cava have been found less commonly and can be  eradicated by catheter ablation.  
The atria acting as a substrate for AFib respond to the rapid firing of the pulmonary veins by  
creating 4 to 6 wavelets of excitation that meander around the atria. Some of these wavelets may  
self-organize into a “mother” rotor which then exerts more control over the electrophysiologic  
process. A self-sustaining rotor can fire at a high frequency resulting in complex patterns of  
activation. One wonders whether elimination of only a “mother” rotor might prevent AFib. The  
complex electrophysiologic process that sustains AFib consisting of multiple wavelets, mother  
waves, fixed or moving rotors, and macro-reentrant circuits present a formidable challenge in the  
search for a simpler catheter ablation technique.

Persistent AFib with an uncontrolled, rapid ventricular heart rate response can cause a dilated  
cardiomyopathy with poor left ventricular function and left atrial dilatation from electrical  
remodeling.
AFib may be treated with medications to either slow the ventricular rate by their depressant effect  
on the  AV node by limiting the number of impulses reaching the ventricles (“rate control”) or  
revert the heart rhythm back to normal sinus rhythm (“rhythm control”). Electrical cardioversion  
can be used to convert  AFib to a normal rhythm. Patients with AFib often take anticoagulant  
therapy to protect them from a stroke as about a third of all strokes are caused by AFib. Catheter  
ablation of active foci in the pulmonary veins may eliminate the trigger of many types of atrial  
fibrillation and prevent recurrence.

Long-Short Rule – Ashman phenomenon

Pathophysiology

Principles of therapy

Controlled and uncontrolled ventricular rate with drug therapy.
A controlled ventricular rate (VR) at rest may not be controlled on exercise.
1. At rest : aim for a VR < 80–90 bpm.
2. With activity (e.g. during a brisk walk) aim for VR < 110–115 bpm.

Control the rate and 
prevent strokes with 

anticoagulant therapy

How to determine the average ventricular rate ?
1. Count out 6 seconds (30 big squares).
2. Count the number of QRS complexes in that period.
3. Multiply the number of QRS complexes by 10.
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CAROTID SINUS MASSAGE

CAROTID 
SINUS 

MASSAGE

Sterno-
mastoid
muscle

Carotid
artery

Carotid
body

Carotid sinus massage is a vagal maneuver that involves rubbing a large part of the 
arterial wall at the point where the common carotid artery, located in the neck, divides  
into its two main branches. This is the site of baroreceptors that control the blood  
pressure. Massage is done for 5 seconds. Both sides are never done at the same time.  
Carotid sinus massage will slow the sinus rate or heart rate during episodes of atrial  
flutter or atrial fibrillation by producing AV block. It may also terminate some reentrant  
supraventricular tachycardias.

Inappropriate carotid sinus massage with prolonged asystole. The rhythm returned after the 
patient was told to cough.
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Effect of Carotid Sinus Massage
on supraventricular tachycardia

Ceases
* AVNRT
* AVRT

Opens     AVB
* AFib
* AFL
* AT
* Multifocal AT

No Change
* AT
* AFL (no change or 
   conversion to AFib)
* AFib (slowing ventr. 
   response)
* AVNRT
* AVRT

075

2 : 1 1 : 1

The development of AV block
“opens” a vista allowing clear
visualization of the atrial rhythm

Atrial flutter showing transition from 2:1 to 1:1 flutter

Carotid sinus massage may facilitate diagnosis by slowing the ventricular response 
and revealing the flutter waves. During CSM there is a transition from 2:1 to 4:1 flutter.

AFib = atrial fibrillation; AFL = atrial flutter; AT = atrial tachycardia; AVRT = atrioventricular 
reentrant tachycardia; AVNRT = AV nodal reentrant tachycardia
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SICK SINUS SYNDROME

The so-called bradycardia-tachycardia syndrome is a mis-
nomer and should be called tachycardia-bradycardia syn-
drome since overdrive suppression occurs after tachycar-
dia. In other words bradycardia occurs after tachycardia !

25 mm/s

Sick sinus syndrome (SSS) is an irreversible dysfunction of the sinus node, atria and a 
disease that involves much of the conduction system of the heart. The diffuse cardiac 
involvement of the heart overshadows the terminology that focuses only on the 
sinoatrial node though SSS is basically a generalized abnormality of cardiac impulse  
formation and features that may take years to become manifest. SSS commonly  
affects elderly persons. There are many causes, but it  usually is idiopathic. Functional  
sinus bradycardia due to enhanced vagal tone must be excluded before the diagnosis  
of SSS can be made.

The manifestations of SSS can be either persistent or just sporadic. The diagnosis of  
SSS can be difficult because of its nonspecific symptoms and elusive findings on the  
ECG and even on a 24 hr Holter monitor. SSS has multiple manifestations on the ECG,  
including sinus bradycardia, sinus arrest, sinoatrial block, atrioventricular conduction  
disturbances and alternating patterns of bradycardia and tachycardia (bradycardia- 
tachycardia syndrome). Supraventricular tachyarrhythmias include atrial fibrillation,  
atrial flutter and supraventricular tachycardia. Atrial fibrillation is the most common  
tachyarrhythmia in these patients. Overdrive suppression of the sinus node occurs  
often upon termination of a supraventricular tachyarrhythmia. This may cause a long  
pause with failure of an AV junctional escape mechanism (as would occur in a normal  
heart) and syncope according to the duration of the pause. Failure of an appropriate AV  
junctional escape under these circumstances reflects the presence of abnormalities  
affecting the AV junction. SSS includes an atrial rate inappropriate for physiologic re- 
quirements (chronotropic incompetence). In this respect, exercise testing may be  
useful in determining the response of the sinus node to physiologic requirements.  
Occasionally SSS presents as a long pause and severe bradycardia following electrical  
cardioversion of an atrial tachyarrhythmia. The diagnosis of SSS also includes frequent  
symptomatic sinus pauses where the cause is iatrogenic and occurs as a consequence  
of essential long-term drug therapy for  which there are no acceptable alternatives.

Sinus rhythm at 75 bpm. Abrupt sinus arrest of 3 s followed by a junctional escape beat

SSS is the most important indication for antibradycardia pacing. The management  
after pacemaker implantation may be difficult because of recurrent or permanent atrial  
fibrillation, risk of embolic stroke and anticoagulant therapy. The pacemaker cannot  
prevent the supraventricular tachyarrhythmias, but facilitates drug therapy by  
preventing bradycardia.
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SUPRAVENTRICULAR TACHYARRHYTHMIAS 1

RA

IVC

SVC

RV
RBB

His bundle   

tricusp.valve

septum

slow conducting
sinus node

faster conducting
via right atrium

AV
LBB

Sinus node reentrant tachycardia is 
frequently confused with inappropriate sinus 
tachycardia. Sinus node reentrant tachycardia 
is due to a reentry circuit, either in or near the 
sinus node. Therefore, it has an abrupt onset 
and offset in contrast to physiologic sinus 
tachycardia which starts and ends gradually. 
The heart rate is usually 100–150 bpm. It has  
an activation sequence similar to that of  
normal sinus rhythm so that the P waves on the  
surface ECG appear to be normal. In  
comparison, atrial tachycardias (focal or  
reentrant) have a different activation sequence  
of atrial depolarization resulting in a P wave  
morphology that differs from that of normal  
sinus rhythm. The tachycardia is uncommon,  
usually of no clinical significance (inducible in  
the electrophysiologic laboratory), but the  
arrhythmia is on occasion sufficiently  
recurrent, rapid and sustained to be  
symptomatic. It can occur in both normal  
hearts and those with a sick sinoatrial node.

TACHYCARDIAS RELATED TO THE SINOATRIAL NODE

Supraventricular tachycardia (SVT) describes any tachyarrhythmia that requires the atrium or the  
atrioventricular (AV) junction for its initiation and maintenance. It usually has a narrow complex  
and is a regular and rapid rhythm with exceptions such as atrial fibrillation and multifocal atrial  
tachycardia which are irregular. Aberrant conduction during SVT results in a wide-complex  
tachycardia that resembles ventricular tachycardia. SVTs may be classified as atrial or AV  
dependent according to the site of origin and mechanism.
Atrial tachyarrhythmias include (1) sinus tachycardia, (2) inappropriate sinus tachycardia,  
(3) sinus node reentrant tachycardia, (4) atrial tachycardia, (5) multifocal atrial tachycardia, (6)  
atrial flutter, and (7) atrial fibrillation. 
AV tachyarrhythmias depend on the AV junction and include (1) AV nodal reentrant  
tachycardia, (2) AV reentrant tachycardia utilizing an accessory pathway, (3) junctional ectopic  
tachycardia, and (4) nonparoxysmal junctional tachycardia.

Sinus tachycardia refers to an accelerated sinus rate that is a physiologic response to a  
stressor. It is characterized by a heart rate faster than 100 bpm and generally involves a regular  
rhythm.

Inappropriate sinus tachycardia consists of an accelerated sinus rate in the absence of a  
physiologic stressor. There is an elevated resting heart rate and an exaggerated heart rate 
response to even minimal exercise. This tachyarrhythmia occurs most commonly in young  
women without structural heart disease. The underlying mechanism may be hypersensitivity of  
the sinus node to autonomic influences or an abnormality in the sinus node or both. Inappropriate  
sinus tachycardia is a diagnosis of exclusion so that causes of appropriate sinus tachycardia must  
first be excluded.
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Sinus tachycardia, inappropriate sinus tachycardia and sinus node 
reentrant tachycardia all display a P wave configuration similar to 
that seen in normal sinus rhythm.

start CSM

start CSM

Sinus node reentrant tachycardia cannot be influenced by CSM

Sinus tachycardia gradually slowed down by carotid sinus massage (CSM) pressure

ATRIAL TACHYCARDIAS
A number of methods are used to classify atrial tachycardia (AT).
1. Endocardial activation. (A) Focal atrial tachycardias, which arises from a localized area in  
the atria such as the crista terminalis, pulmonary veins, etc. (B) Reentrant tachycardias are  
usually macro-reentrant, and most commonly occur in the setting of structural heart disease, and  
particularly after surgery involving incisions or scarring in the atria.
2. Pathophysiologic mechanisms are another method for classifying ATs: enhanced  
automaticity, triggered activity, or reentry.
3. Anatomic classification of atrial  tachycardia is based on the location of the arrhythmogenic  
focus.

Atrial tachycardia (AT) arises in the atria and not in the sinoatrial node. AT (100–250 bpm) can be  
observed in persons with normal hearts and in those with structurally abnormal hearts. ATs do not  
require the AV junction, accessory pathways, or ventricular myocardium for initiation and  
maintenance of the tachycardia.The ECG typically shows a narrow QRS complex (unless bundle  
branch block aberration occurs). The atrial rhythm is usually regular. The conducted ventricular  
rhythm is also usually regular but may become irregular, often at higher rates because of variable  
conduction through the AV node, with conduction patterns such as 2:1, 4:1, a combination of  
those, or even in the form of second-degree Wenckebach block.
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SUPRAVENTRICULAR TACHYARRHYTHMIAS 2

Always look for a P wave that may be hidden within the QRS complex. Carotid sinus 
massage may cause AV block (usually 2:1) allowing evaluation of the P wave rate and 
configuration. It is worth stressing again that the presence or induction of AV block 
(2:1 A V block; Wenckebach type 1 block) is diagnostically helpful in ruling out 
reentrant SVT whose reentrant pathway includes the AV node (AV nodal reentrant 
tachycardia and AV reentrant tachycardia) and establishing the diagnosis of an atrial 
tachycardia independent of the AV node.

Atrial tachycardia can be focal or macro-reentrant. It can be difficult to 
differentiate these two types from the ECG.

Focal AT may be initiated by increased automaticity or triggered automaticity or microentry as  
stated above. A focal AT starts from a point source from which it spreads centrifugally. The  
mechanism may be difficult to determine from the ECG except for automatic AT. The latter is rare  
and exhibits a gradual onset (warm-up) and gradual slowing (cooling down) thereby mimicking  
sinus tachycardia. Triggered ATs and macro-reentrant ATs may have sudden onset and offset.  
Macro-reentrant AT occurs around a large central obstacle usually centimeters in diameter. The  
distinction from focal AT may be impossible from the ECG. It can be differentiated from atrial flutter  
by the presence of discrete P waves and a slower atrial rate (170–220 bpm). In contrast to sinus  
tachycardia, macro-reentrant  AT starts abruptly and the P waves differ from sinus P waves.

The P wave morphology as observed on the ECG may give clues to the site of origin and  
mechanism of the atrial tachycardia. In the case of a focal tachycardia, the P wave morphology and  
axis depend on the location in the atrium from which the tachycardia originates. In the case of  
macro-reentant circuits the P wave morphology and axis depend on activation patterns. The  
polarity of the P wave may be difficult to interpret if it is inscribed upon the ST segment or the T wave.  
The determination of the site of AT origin according to the configuration of the P wave belongs in the  
realm of the cardiac electrophysiologist armed with a sophisticated algorithm that can define various  
sites according to P wave morphologies. Briefly, either a negative or biphasic (positive/negative) P  
wave in lead V1 identifies AT in the right atrium. A positive or biphasic (negative/positive) P wave  
identifies AT in the left atrium. A positive P wave in the inferior leads suggests a superior focus and  
a negative P wave suggests an inferior focus.

Focal versus macro-reentrant atrial tachycardia

P wave morphology

ATRIAL TACHYCARDIAS continued
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CSM

Atrial tachycardia at a rate of 136 bpm. Isoelectric P wave in V1 and negative P waves in  
V3 to V6 consistent with a right atrial perinodal (close to the AV node) atrial tachycardia.

The diagnosis of any supraventricular  
tachycardia (SVT) involves measurement  
of the ventricular rate, assessment of the  
ventricular rhythm, identification of P, F  
(flutter) or f (fibrillation) waves, measure- 
ment of the atrial rate and establishment of  
the relation of P waves to the ventricular  
complexes. The ventricular rate will depend  
on the degree of atrioventricular block. In- 
creasing atrioventricular block by maneu- 
vres such as carotid sinus massage or  
administration of intravenous adenosine  
may slow the ventricular rate to allow  
visualization of atrial activity. Such maneu- 
vres will not usually stop atrial tachycardia,  
but may terminate a reentrant SVT  
involving the atrioventricular node.

Atrial tachycardia at a rate of about 250 bpm. Carotid 
sinus massage (CSM) produces a 2:1 atrioventricular 
block permitting visualization of the P waves.
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SUPRAVENTRICULAR TACHYARRHYTHMIAS 3

Suspect atrial tachycardia if there is a long RP interval (> 50% of the RR interval) or 
AV block. A long RP interval can also occur in some AV junctional reentrant 
tachycardias but AV block indicates that the tachycardia must be atrial because it 
does not depend on the AV junction for its initiation and maintenance.

AT 1:1 at a rate of 240 bpm

Same patient. Treatment with intravenous beta-blocker transition from 1:1 to 2:1 AV conduction, etc.

Same patient as above. Return to sinus rhythm
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SVT

Carotid Sinus Massage

In AT there is an isoelectric baseline between the P waves in contrast to 
atrial flutter where there is no isoelectric baseline between the F waves.

Atrial fibrillation is irregularly irregular. AT with AV block is regularly 
irregular as is atrial flutter with varying AV block.
Multifocal atrial tachycardia can also be irregularly irregular.

AT with Wenckebach AV block is easily overlooked. The increments of the PR 
interval may not be visible. The diagnosis is made at seeing a regular AT with 
occasional prolongation of the RR interval which corresponds to the pause that 
terminates a Wenckebach response.

Atrial tachycardia with 2:1 AV block. The atrial rate is 107 bpm.

In AT with AV block, the ventricular rate may be irregular if there is varying AV block or Wenckebach  
AV block but the atrial rate remains constant. Complete AV block in AT is rare. Digitalis toxicity is an  
important cause of AT with AV block.

The degree of AV block may increase with carotid sinus pressure or adenosine, a drug that depres- 
ses AV conduction. However these maneuvers do not terminate AT. AT may be misdiagnosed as  
atrial flutter or fibrillation.

Atrial tachycardia at a rate of 250 bpm with 2:1 block.
Carotid sinus massage increases the degree of AV block permitting the diagnosis
but does not terminate the tachycardia.
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SUPRAVENTRICULAR TACHYARRHYTHMIAS 4

Multifocal atrial tachycardia typically occurs in elderly 
patients with chronic obstructive pulmonary disease.

Multifocal atrial tachycardia

Multifocal atrial tachycardia (MAT) arises from the atrium and is composed of at least 3  
morphologies of the P wave. The mechanism of MAT is unclear but it is probably due to increased  
automaticity and not reentry. MAT may be related to theophyline a drug used in the therapy of  
COPD. MAT is not due to digitalis (digoxin) toxicity. Indeed it is contraindicated in this tachy- 
arrhythmia. The definition requires the presence of 3 different and discrete (organized) P waves in  
the same lead. Atrial activity is well organized and the baseline between the P waves is  
isoelectric.The P waves are separated by isoelectric intervals. The PP intervals, PR duration and  
RR intervals are all variable. The rate is 100–250 bpm and the arrhythmia may be intermittent.  
Other kinds of atrial arrhythmias (such as atrial fibrillation) may precede or follow an episode of  
MAT. The irregular rhythm is often misinterpreted as atrial fibrillation.The differential diagnosis is  
crucial because the therapy of AF and MAT differ considerably. MAT with aberrant conduction or  
preexisting bundle branch block may be misinterpreted as ventricular tachycardia. It must also be  
differentiated from sinus tachycardia or a slower sinus rhythm and salvos of atrial premature beats.  
MAT typically occurs in elderly patients with chronic obstructive pulmonary disease.

Some experts believe that a rate of 90 bpm with multifocal atrial activity should be treated as MAT in  
patients with COPD. A rhythm with multifocal activity and a rate < 100 bpm is best called a  
multifocal atrial rhythm.

Multifocal atrial tachycardia with P waves of varying configuration and 
totally irregular ventricular rate.
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3:2 WB 4:3 atypical WB

I

II

V1

V2

V3 V6

V5

V4aVR

aVL

aVFIII

Unusual manifestation of supraventricular tachycardia.
Multifocal atrial tachycardia with varying P wave configuration and irregular ventricular rate. 
Early P waves are not conducted as the AV node is still refractory, adding to the irregularly  
irregular response.

Wenckebach (WB) second degree  (type I) AV block.
Atrial tachycardia with Wenckebach AV block on 2 occasions, once atypical
The bottom tracing is an esophageal recording showing only P waves

AT with very short PR interval; the P waves give rise to the second QRS that follows it.

Unusual atrial tachycardia
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ATRIOVENTRICULAR NODAL
REENTRANT TACHYCARDIA 1
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over the slow pathway 
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is only conducted over the

slow pathway since the
fast one is still refractory.

The refractory period of the
fast pathway is longer than 

that of the slow one.

The slow path is the antero-
grade limb and the fast one

is the retrograde limb of 
the tachycardia circuit.

Atrioventricular nodal reentry tachycardia (AVNRT) is the most common type of reentrant supra- 
ventricular tachycardia (SVT) with an incidence of 60% of paroxysmal SVT. The nonspecific term  
paroxysmal supraventricular tachycardia, paroxysmal atrial tachycardia (PAT) should no longer  
be used. Current nomenclature is based on the mechanism of reentry. The substrate for AVNRT  
may be functional rather than anatomic. These arrhythmias occur in young healthy patients and in  
those with chronic heart disease. It occurs somewhat more commonly in adult females than in  
males. The rate ranges from 120 to 250 bpm.
A reentrant rhythm involves the presence of an anatomic and functional circuit or 2 distinct  
pathways that join to form a circle. There is a zone of slow conduction in one pathway and  
unidirectional block in the other pathway, allowing an electrical impulse to travel down the second  
pathway and reenter the blocked pathway from the other direction. During AVNRT, the circuit  
typically involves both a fast and a slow pathway within the region of the AV node.

Abbreviations : AES = atrial extrasystole ; AVNRT = AV nodal reentrant tachycardia.
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AVNRT and AVRT (AV reciprocating or orthodromic tachycardia 
with accessory pathway) are dependent on AV nodal conduction. 
Sinus node reentry, atrial tachycardia, atrial flutter and atrial fibril-
lation are independent of AV nodal conduction.

In AVNRT the ventricle and atrium are activated simultaneously. The ventricle 
is not necessary for the reentrant process. 2:1 block (in the His bundle) may 
occur rarely. RP interval of AVNRT is less than 70 ms.

In patients with AVNRT, the AV node is functionally divided into 2 longitudinal pathways (with dif- 
ferent electrophysiologic characteristics) that form the reentrant circuit. In the normal situation con- 
duction across the AV node to the His-Purkinje system occurs in the fast pathway and conduction in  
the slow pathway is therefore blocked at the point where the 2 pathways join inferiorly. In the  
majority of patients, during AVNRT, anterograde conduction occurs to the ventricle over the slow   
pathway and the retrograde conduction occurs over the fast pathway. The tachycardia is often initi- 
ated by an atrial premature complex blocked in the fast pathway according to prematurity and be- 
cause the fast pathway has a longer refractory period. Consequently the impulse conducts in the  
slow pathway with a shorter refractory period. Thus the initiating AES has a long PR interval. While  
the impulse conducts to the ventricle in the slow pathway, the fast pathway recovers (provided the  
delay in the anterograde conduction is long enough to permit fast pathway recovery) and allows the  
impulse to be conducted via the fast pathway (when outside its refractory period) back to the atrium  
and the atrial end of the slow pathway where it completes the circuit.
Less commonly AVNRT is induced by premature ventricular beats. In addition to the above, atypical  
AV nodal reentry can occur in the opposite direction, with anterograde conduction in the fast  
pathway  and retrograde conduction in the slow pathway. The typical form is slow-fast referring to  
anterograde and retrograde conduction. This slow-fast form occurs in 90% of clinical AVNRT  
episodes. In the atypical form, the conduction moves fast-slow i.e. anterogradely in the fast path- 
way, resulting in a short PR interval and a long RP interval. A third form also occurs where both the  
anterograde and the retrograde conduction occur through slow pathways (slow-slow).

Slow-fast form
The QRS complex is generally narrow unless there is aberrant conduction (usually a right bundle  
branch pattern) or there is a preexisting conduction defect. The P waves are usually embedded in  
the QRS complex in the typical form and therefore not identifiable. When seen alone, the  
retrograde P wave is called an echo beat. P waves may be seen at the end of the QRS complex (as  
if they form part of the QRS) in the form of a pseudo-r’ in lead V1 (imitating incomplete right bundle  
branch block) or a pseudo-s wave in leads II, III, and aVF (reflecting the negative retrograde P  
waves). These patterns can only be recognized by comparing the ECG during AVNRT with one in  
sinus rhythm. After the episode, significant ST depression is common as in AVRT and most patients  
do not have coronary artery disease. 
Fast-slow form
In atypical cases the P waves can be clearly seen. The fast-slow AVNRT is thought to use the same  
pathways as in the typical AVNRT but in reverse direction. In the fast-slow type, the PR can be  
normal and there is a corresponding long PR interval. The retrograde P waves are inverted in leads  
II, III, and aVF. 
Slow-slow form
The slow-slow variety of AVNRT presents as a long RP tachycardia and resembles the fast-slow  
form. In the slow-slow type the RP interval depends on the relative conduction time over both  
pathways.The fast-slow and the slow-slow varieties of AVNRT may resemble sinus tachycardia  
because a P wave precedes the QRS complex.
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AVNRT rate about 140 bpm. No P waves are seen.
An electrophysiologic study confirmed the diagnosis.

AVNRT with 2:1 block. The atrial rate is about 220 bpm. The block is in the His bundle
and tends to occur mostly at the onset of tachycardia. AV block rules out AVRT utilizing
an accessory pathway. Note the peculiar terminal S wave in the inferior leads suggesting
the presence of a P wave stuck at the end of the QRS complex.
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AVNRT AVNRTSinus rhythm Sinus rhythm

V1

V2

V3

V4

V5

V6

Same patient as previous ECG. The 2:1 AV block is intermittent. Note the relatively
long RR interval followed by a short RR interval which terminates with an aberrant-
ly conducted beat with a right bundle branch configuration (Ashman phenomenon).

AVNRT rate 136 bpm and sinus rate 107
bpm. Note the terminal portion of lead V1
which shows a pattern consistent with
incomplete right bundle branch block.
This pattern disappeared in sinus rhythm
confirming that the tachycardia is AVNRT.

AVNRT showing terminal s waved in leads II,
III and aVF during the tachycardia but not in
sinus rhythm. Similarly, there is an r’ in V1 pre-
sent only during the tachycardia. These fin-
dings reflect the presence of P waves at the
end of the QRS and are diagnostic of AVNRT.
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ATRIOVENTRICULAR REENTRANT

TACHYCARDIA 1
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Atrioventricular reentrant tachycardia (AVRT) is the second most common form of paroxysmal  
supraventricular tachycardia. AVRT is more common in males than in females. Patients with AVRT  
do not have evidence of structural heart disease but they have accessory pathways, or bypass  
tracts. Accessory pathways are congenital strands of myocardium that bridge the mitral or  
tricuspid valves and are capable of conducting electrical activation from atrium to ventricle.

Occasionally, the reentrant circuit revolves in the opposite direction, from the atrium to the ventricle  
via the accessory connection, and returns from the ventricle in the retrograde direction up the  
normal AV conduction system (called antidromic reciprocating tachycardia and constitutes about  
5% of the arrhythmias in WPW syndrome). The QRS complex is wide (maximal preexcitation)   
because the ventricles are activated abnormally. The bizarre, wide complex tachycardia can be  
mistaken for ventricular tachycardia.

AVRT is the result of two or more conducting pathways: the AV node and one or more bypass  
tracts. The accessory pathways may conduct impulses in an anterograde manner from atrium to  
ventricle, a retrograde manner from ventricle to atrium, or in both directions. In classic (or manifest)  
Wolff-Parkinson-White (WPW) syndrome, anterograde conduction occurs over both the  
accessory pathway and the normal conduction system during sinus rhythm. The accessory  
pathway, being faster, depolarizes some of the ventricle early, resulting in a short PR interval and a  
slurred upstroke to the QRS complex (delta wave). Not all accessory pathways conduct in an ante- 
rograde manner. Concealed accessory pathways are not evident during sinus rhythm because  
they are only capable of retrograde conduction. These occur in about 30-40% of patients with ac- 
cessory pathways. A large reentry circuit is most commonly established by impulses traveling in an  
anterograde manner through the AV node and in a retrograde manner through the accessory path- 
way; this is often called orthodromic AVRT. “Orthodromic” comes from Greek where it means  
“straight or correct” because ventricular activation is normal. Concealed pathways cannot be  
detected by standard ECG. Distinction between concealed accessory pathway and AVNRT may  
be difficult, although a faster rate (>200 per minute) and a retrograde P wave after, rather than   
within, the QRS complex favor a concealed bypass tract.
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The reentrant circuit in 
AVRT is large and in-
volves the atrium and 
the ventricle. In con-
trast the circuit is small 
in AVNRT and does not 
involve the atrium nor 
the ventricle. There-
fore AV block is incom-
patible with diagnosis 
of AVRT.
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Abbreviations : AccP = accessory pathway ; AV = atrioventricular ; AVN = AV node ; AVRT = AV 
reentrant tachycardia ; PVC = premature ventricular complex ; ORT = orthodromic reciprocating 
tachycardia ; ORT- CL = ORT cycle length

AVRT : mechanism of an orthodromic reciprocating tachycardia
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An increase of the cycle length (slowing of the rate) with the occurrence of 
bundle branch block (BBB) is diagnostic of an accessory pathway on the 
same (ipsolateral) side as the BBB.

ATRIOVENTRICULAR REENTRANT
TACHYCARDIA 2

In patients with 2 accessory AV connections (not uncommon), a reciprocating tachycardia using one  
accessory connection in the anterograde direction and the other in the retrograde direction may  
occur. Patients with Wolff-Parkinson-White syndrome can develop atrial fibrillation and atrial flutter.  
The rapid nondecremental conduction via accessory pathways can result in extremely rapid  
ventricular rates, which can degenerate into ventricular fibrillation and cause sudden death.  
Patients with preexcitation syndromes with atrial fibrillation must not be given an AV nodal blocking  
agent; these agents can further increase conduction via the accessory pathway, which increases  
the risk of ventricular fibrillation and death.

Tachycardias in WPW syndrome may begin as or degenerate into atrial fibrillation. When atrial  
flutter or fibrillation occur in patients with WPW, the risk of potentially lethal arrhythmias due to very  
rapid conduction across accessory pathways must be considered. The risk is especially treacher- 
ous in patients with short-refractory period anomalous pathways, since atrial fibrillation may lead to  
ventricular fibrillation. Conversely an accessory pathway may behave as a bystander during a  
tachycardia if it does not participate in the mechanism of tachycardia.

1. Rate: 170–250 bpm.
2. May be initiated by atrial or ventricular premature beats.
3. In patients with a delta wave in sinus rhythm, the delta wave disappears during tachycardia.
4. The R-P interval is short, usually < 120 ms. This reflects fast retrograde conduction in the acces-
 sory pathway. The retrograde P wave occurs after the QRS complex. The relatively short R-P 

interval  may be mistaken for a bump on the T wave. In contrast, in typical AVNRT the P waves 
are either absent or stuck on the QRS complex.

5. Any evidence of AV block rules out AVRT because the ventricle is an integral part of the reen-    
trant circuit.

6. Alternans of the QRS complex is more common in AVRT than in AVNRT and seems to occur at 
faster rates. Alternans describes amplitude changes of the QRS complex in alternate beats.

7. Marked ST-T wave abnormalities not due to  coronary artery disease occur more frequently    
than in AVNRT. 

8. The P waves are inverted because activation reenters via the accessory pathway. The P wave    
morphology depends on the site of the accessory pathway. A negative P wave in lead I indi-    
cates a left lateral pathway.

9. Functional bundle branch block may reveal the site of the accessory pathway. For example, 
lengthening of cycle length (slowing of the rate) with functional left bundle branch block (LBBB) 
indicates that the reentrant circuit has increased in size and the travel time to the ventricular 
insertion of the accessory pathway has increased. Such an observation during LBBB confirms 
the left site of the accessory pathway.

Manifestations of orthodromic AV reentrant tachycardia
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AVRT with conduction over fast
accessory pathway. The rate is 
200 bpm. Note alternans of QRS 
in leads V5 and V6

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

3 ECGs from the same patient in different situations

Sinus rhythm. The ECG does  
not clearly show a left lateral 
pathway (LLP). Such LLP con- 
ducting anterogradely may pro- 
duce only very subtle changes  
in the initial part of the QRS

Orthodromic AVRT over
concealed left lateral
accessory pathway

Antidromic AVRT and hence  
wide preexcited tachycardia  
with conduction over a left  
lateral accessory pathway
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V1

V2

V3

V4

V5

V6

ATRIOVENTRICULAR REENTRANT
TACHYCARDIA 3

Orthodromic AVRT and sinus rhythm in 
the same patient. A retrograde P wave is  
seen in lead III away from the QRS com- 
plex and RP < PR interval typical of ortho- 
dromic tachycardia.

Spontaneous termination of AVRT. 
The tachycardia terminates with a  
retrograde P wave indicating that the  
AV node is the weakest link in the  
circuit. Note the retrograde P wave  
away from the QRS complex and  
RP < PR interval.

Permanent junctional reciprocating tachycardia (PJRT)
PJRT is basically an orthodromic tachycardia in the setting of a slowly conducting concealed bypass  
tract (no delta wave or evidence of Wolff-Parkinson-White in sinus rhythm). The QRS complex is  
narrow and the P waves are easily seen and inverted in the inferior leads. PJRT is rare and occurs  
mostly in infants and children. It is often incessant with occasional interruption by sinus beats. It  
does not require a premature beat or PR prolongation for its initiation and may be initiated by a  
modest increase in the sinus rate. The rate is 90–250 bpm and may vary significantly with autonomic  
influences. The tachycardia travels anterogradely via the AV node and retrogradely via a slowly  
conducting accessory pathway (usually postero-septal) that exibits AV nodal properties. This  
produces a tachycardia with a long RP interval (RP > PR). The chronic uncontrolled heart rate may  
cause a tachycardia related cardiomyopathy which is usually reversible when the rate becomes  
controlled. PJRT has been called pseudo-slow-slow tachycardia because of its ECG similarity to the  
unusual form of AVNRT.

Initiation of PJRT. The PJRT starts when the heart rate increases.
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Irregular narrow QRS tachycardia

Are 
discrete P waves

seen ?

Atrial
Fibrillation

YES

YES

NO

NOAre the
P waves the 

same ?

Atrial tachycardia
(< 240 bpm)

with varying degree
of AV block

Atrial flutter
(>240 bpm) 

(saw-tooth F waves)
with varying degree

of AV block

OR

3 different P waves;
Multifocal atrial

tachycardia

Regular narrow QRS tachycardia

YES

YES

YES

YES

NO

NO

NO

NO

Visible
P waves ?

Atrial 
tachycardia
(< 240 bpm)

Atrial 
flutter

(>240 bpm) 

OR

atrial rate >
ventricular 

rate ?

RP > PR

RP > 70 ms Atypical AVNRT
(fast/slow)

AVRT (slow retrograde
conduction over AP)

AT
AVNRT (slow/slow)

AVRT (fast retrograde
conduction over AP)

AT

AVNRT 
(slow/fast)
AT (with 
1°AVB)

Overview of supraventricular tachycardia

Focal junctional tachycardia
This rare arrhythmia occurs mostly in children with or without congenital heart disease. It is often a  
diagnosis of exclusion. The tachycardia is paroxysmal because it starts and terminates suddenly. It  
is regular with a rate of 110–250 bpm. AV dissociation is common but there may be retrograde ven- 
triculoatrial conduction with varying degree of retrograde block. The tachycardia does not require  
the atrium nor the ventricle for its propagation. When incessant it can cause a tachycardia- 
dependent cardiomyopathy with heart failure.

Nonparoxysmal junctional tachycardia
Nonparoxysmal junctional tachycardia (also known as accelerated junctional tachycardia) is a  
benign arrhythmia at a rate of 70–140 bpm. It is a marker for potentially serious heart disease or  
digitalis intoxication. It may be due to enhanced automaticity or triggered activity. It starts and ter- 
minates gradually. It may show AV dissociation or retrograde ventriculoatrial conduction.
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* Catecholaminergic polymorphic ventricular tachycardia 
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VENTRICULAR TACHYCARDIA 1

Duration. 
Sustained for VT > 30 s, and unsustained VT for < 30 s.
Electrocardiographic morphology. 
Monomorphic with a regular rate and consistent beat-to-beat QRS morphology or polymorphic 
with frequent changes in QRS configuration. The latter comprises VT with QT prolongation or 
without QT prolongation. Bidirectional VT shows alternation of frontal plane axis during VT.
Underlying mechanism especially reentry. 
Reentry takes place in the ventricles or in the bundle branches (bundle branch reentry is usually 
seen in cardiomyopathy). The commonest cause of VT is post myocardial infarction where 
reentry is the mechanism. Areas of slow conduction have been identified in the substrate for 
reentry. 
Disease entity. 
Chronic coronary artery disease, congenital heart disease, cardiomyopathy or absence of 
structural heart disease. Absence of heart disease makes SVT with aberration more likely. The 
presence of heart disease makes VT more likely. A wide QRS tachycardia in a patient with an old 
myocardial infarction is almost always VT. Family history of sudden cardiac death suggests 
conditions such as hypertrophic obstructive cardiomyopathy, congenital long QT syndrome, 
Brugada syndrome or arrhythmogenic right ventricular dysplasia.
Clinical presentation. 
Asymptomatic, hemodynamically stable, hemodynamically unstable, presyncope, syncope, 
sudden cardiac arrest and sudden cardiac death. With faster heart rates and underlying heart 
disease loss of consciousness (syncope) or sudden death may occur. Episodes lasting only a 
few beats may produce no or minimal symptoms. VT rates between 110 and 150 bpm may be 
tolerated even if sustained for minutes to hours. However, faster rates (>180 bpm) may cause a 
drop in the blood pressure and low cardiac ouput. It is a misconception that hemodynamically 
stable patients cannot have VT.
Mechanism. 
Reentry, enhanced automaticity and triggered activity. VT related to a scar after myocardial 
infarction is always due to reentry.
Rate.
Fast, “slow”.
Site of origin.
Septal, apical, basal, outflow tract. Right or left ventricle.
Relation to exercise.

Inducible by electrophysiologic study.

VT without structural heart disease.
Inherited syndromes.

1

2

3

5

6

7

8

9

10

11

4

Ventricular tachycardia (VT) originates from the ventricles or more specifically below the bundle of 
His in the AV junction. By definition it consists of 3 or more beats at a rate > 100 bpm and a QRS of at  
least 0.12 s. In exceptional cases the QRS may be < 0.12 s. VT occurs mostly in the presence of heart  
disease. It is a potentially life-threatening arrhythmia. VT can be classified in many ways. The  
mechanism, prognosis and management of VT differs according to the underlying substrate  
coronary artery disease, mitral valve prolapse, cardiomyopathy, etc.)
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P P P

F

AV dissociation

Ventricular fusion (F)

1. AV dissociation

2. Fusion and capture beats

3. Width of the QRS complex

The finding of atrioventricular (AV) dissociation is one of the most useful practical criteria for the  
diagnosis of VT. However, retrograde ventriculoatrial (VA) conduction, whether 1:1 or 2:1, or  
Wenckebach VA conduction occurs in up to 50% of all VT. Retrograde VA conduction is more  
frequent at slower VT rates. Occasionally a different arrhythmia such as atrial fibrillation is present  
in the atrium. P waves can be difficult to recognize during a broad QRS tachycardia with AV dissoci- 
ation. As the ventricular beats may occur so rapidly, P waves may be lost within the QRS  
complexes. The absence of AV dissociation is not helpful for two reasons: (1) AV dissociation may  
be present but not obvious on the ECG; (2) some patients have 1:1 retrograde VA conduction.

The use of the Lewis lead can be helpful in detecting the P waves on the ECG. The Lewis lead can  
be obtained from registration of lead I by placing the right arm electrode to the right, second  
intercostal space adjacent to the sternum, and the left arm electrode to the right, fourth intercostal 
space adjacent to the sternum. Voltage should be calibrated at mV = 20 mm. Esophageal leads  
were used in the past to bring out hidden P waves (from the left atrium).

In patients with slow VT rates occasional conduction from atrium to ventricle over the AV node- 
bundle branch system may result in “capture” or “fusion” beats. The presence of fusion or capture  
beats when present are diagnostic of VT and help distinguish supraventricular tachycardia with  
aberrancy vs. VT. A fusion beat occurs when ventricular depolarization consists of a combination  
of a conducted supraventricular beat superimposed on a VT beat. The fusion beat is generally  
narrower than a pure VT beat. A capture beat represents total ventricular depolarization by a  
conducted supraventricular beat.

When the arrhythmia arises in the lateral free wall of the ventricle, activation of the ventricles results  
in a very wide QRS. The QRS complex is less wide when the VT originates in or close to the  
ventricular septum. QRS width is also influenced by scar tissue (after myocardial infarction),  
ventricular hypertrophy, cardiomyopathy and drug therapy. A QRS width of more than 0.14 s in right  
bundle branch block (RBBB) tachycardias and more than 0.16 s during left bundle branch block 
(LBBB) favor VT in the absence of drugs that may affect QRS duration.
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VENTRICULAR TACHYCARDIA 2

You must know the classic features of uncomplicated RBBB and 
LBBB before you can recognize the atypical forms produced by VT.

The ECG differential diagnosis of VT includes supraventricular tachy-
cardia with functional aberration, preexisting bundle branch block,

and intraventricular conduction disturbances, or preexcitation.

4. Frontal plane axis 

5. Leads V1 and V6 

6. Concordant pattern

7. QRS more narrow than in sinus rhythm

The presence of a superior axis (especially right superior) in patients with RBBB shaped QRS,  
very strongly suggests VT. With a LBBB shaped VT, right axis deviation is suggestive of VT. 

When all precordial leads show either negative or positive QRS complexes this is called negative  
or positive concordance. Negative concordance is highly suggestive of a VT arising in the apical  
area of the heart. Negative concordance in the precordial leads is almost always VT. Positive  
concordance may be due either to VT or to SVT using a left posterior accessory atrioventricular 
pathway for AV conduction. 

When the QRS is more narrow than during sinus rhythm a VT is present. This can only be  
explained by a ventricular origin close to the intraventricular septum, resulting in more  
simultaneous activation of the right and left ventricles than during sinus rhythm. Fascicular tachy- 
cardia arising from the fascicular system generates a less prolonged QRS duration of 0.14 s or  
less which is more narrow than classic VT. 

In RBBB shaped tachycardia, presence of a monophasic or biphasic QRS complex (R, qR, QR,  
RS) in lead V1 strongly argues for VT while a triphasic (RSR’) pattern suggests a supraventricular  
origin. The triphasic (RsR’) pattern of aberrant conduction (2 R peaks) has been called “rabbit’s  
ears”. It is aberration if the right ear is larger than the left (rR’) and VT (2 R peaks) if the left ear is  
larger than the right one (Rr’). In a RBBB shaped tachycardia VT is very likely when the R:S ratio is  
smaller than 1 in V6. 
In LBBB shaped VT, lead V1 (and also V2) shows an initially positive QRS with positivity measuring  
more than 0.03 s; slurring or notching of the downstroke of the S wave; and an interval between the  
beginning of the QRS and the nadir of the S wave of 0.07 s or more favor VT. A q or Q wave in lead  
V6 is diagnostic of VT.
QR complexes in VT strongly suggest VT in patients with old myocardial infarction (scar) in the  
same leads as the Q waves in sinus rhythm.
Typically, conduction delay with uncomplicated RBBB or LBBB shows an RS pattern in at least one  
of the precordial leads. When there is no RS morphology in any of the precordial leads, VT is very  
likely.
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EB196

R
r’

R r’
“rabbit’s ears”

LBBB-shaped VT (rate = 150 bpm) with right axis deviation in the frontal plane (QRS = 0.16 s).  
This combination strongly favors VT. There is 1:1 retrograde ventriculoatrial conduction (see  
arrows).

VT rate 135 bpm; RBBB-shaped VT with a right superior axis in the frontal plane; In lead V1  
the rabbit’s ear on the left is larger than the one on the right. The combination of the findings  
strongly suggests VT.
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The Brugada criteria were established to distinguish SVT with aberrancy from VT. It is a  
relatively simple stepwise decision tree-like algorithm to differentiate between SVT with  
aberration from VT in wide complex tachycardias. The algorithm retains the traditional  
morphological criteria in its last step (step 4). A negative response to all 4 questions should yield  
SVT with aberration in almost all cases. Using the Brugada criteria is very useful; the sensitivity  
and specificity have been found adequate since its original description but not as high as  
previously thought. Although not foolproof the Brugada algorithm remains the most popular  
algorithm for the evaluation of wide QRS complex tachycardias. 

Brugada algorithm for the diagnosis of  
wide complex tachycardias

Fascicular VT at a  
rate of 143 bpm  
and QRS = 0.13 s.  
Lead V1 shows  
the typical pattern  
of RBBB and the  
frontal plane axis  
is in the right su- 
perior quadrant.  
The origin is in  
all likelihood in  
the left posterior 
fascicle. 

VENTRICULAR TACHYCARDIA 3

Limitations of the Brugada algorithm criteria
1. The algorithm was developed without cases of idiopathic VT.
2. Preexcited tachycardias can be falsely diagnosed as VT.
3. Bundle branch reentry tachycardia may be diagnosed as SVT
    with aberration because it presents with a typical LBBB con-
    figuration.

EB197
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Are there RS complexes in 
any of the precordial leads ?

RS interval > 100 ms

START

Is there AV dissociation ?
(fusion beats / capture beats)

Look at the morphology of
the QRS complex in V1 to V6

NO

NO

NO

YES

YES

YES

VT

1
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V1

biphasic

prominent Q wave

most
likely

most
likely

no Q wave

It is easy to rule in VT but 
it is very difficult or impos-
sible to rule out VT when 

faced with a wide QRS 
complex tachycardia.

notched
down-
stroke of
S wave

RBBB shaped VT with normal 
frontal plane axis is unusual
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The causes of wide QRS tachycardia include:

There are multiple approaches and protocols, each having its own pros and 
cons. No protocol is 100% accurate. In this book we try to to summarize 
approaches which we consider optimal for the evaluation of patients with 
wide QRS complex tachycardias.

Age, hemodynamic status, heart rate and regularity of R-R intervals may be 
misleading and should not be considered in making the diagnosis of VT.

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

Wide QRS tachycardia

SVT & BBBVT SVT & Acc. Path.

1. Ventricular tachycardia
2. Supraventricular tachycardia with bundle branch block either preexisting or due to tachy
 cardia dependent aberrant conduction, or the effect of antiarrhythmic drugs that slow 
 intraventricular conduction, resulting in marked QRS complex widening
3. Supraventricular tachycardia with conduction of impulses to the ventricles over an
 accessory pathway (preexcited tachycardia)
The classic diagnostic criteria include a concordant precordial pattern, a sign that can also be  
expressed as absence of RS (or even rs, Rs, rS) complexes in the precordial leads. Analysis of  
previous ECGs recorded during sinus rhythm, if available, can provide futher keys to the  
diagnosis. Some criteria proposed in the past, such as QRS axis or ventricular complex  
duration, are nowadays no longer considered to the same extent as they were in the past. 

VT at a rate of about 160 bpm, QRS = 200 ms. All the QRS complexes are negative in the  
precordial leads. This is called negative concordance and is diagnostic for VT. The absence  
of RS complexes in the precordial leads is also diagnostic for VT. 
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VT is generally a consequence of structural heart disease associated with myocardial scarring.  
The most common setting for VT is ischemic heart disease, in which scar tissue is the substrate for  
reentry, but VT can occur in other conditions that create myocardial scar tissue. VT in the setting of  
ischemic heart disease is predominantly manifest as monomorphic VT, caused by a relatively  
fixed anatomic substrate for reentrant VT. Although most patients with VT have underlying  
structural heart abnormalities, monomorphic VT is occasionally observed in patients with  
structurally normal hearts (idiopathic VT). These VTs often occur during exercise and their clinical  
features are more consistent with triggered activity or normal automaticity. 

The diagram of reentry is a  
simplistic representation of a  
complex process. The reentry  
circuits can be multiple with  
shared and separate compo- 
nents. The circuit utilizes the  
slow conduction properties of a  
central critical isthmus located  
in a position intimately related  
to the scar border zone. The  
isthmus is protected by anato- 
mic and electrophysiologic bar- 
riers. The isthmuses can vary  
significantly in length and elec- 
trophysiologic properties.  
The electrical activation travels  
slowly through the isthmus du- 
ring diastole and forms a silent  
zone on the surface ECG. The  
wavefront breaks out of the  
scar at the exit sites (which may  
be multiple), activates the  
ventricle, and reenters the slow 

conduction critical isthmus at the entrance zone. This produces a “figure of 8” or double loop  
pattern. One arc moves in a clockwise fashion and the other in a counterclockwise fashion in a  
pretzel-like configuration. The VT morphology reflects the location of the exit site. Adjacent  
bystander sites are blind alleys that are purely passive and not essential to the reentry circuit.

isthmus

inner
loop

outer
loop

ENTRANCE

EXIT

Preexcited tachycardia from an accessory pathway looks like VT. Preexcited 
tachycardia can be ruled out in the presence of negative precordial con-
cordance (QS complexes in all chest leads) or deep q waves in a precordial  
lead other than V1.

Analysis of QRS configuration in V1 and V6.
* Aberration due to functional bundle branch block results in a “typical” 

bundle branch block morphology.
* VT is associated with “atypical” bundle branch block. 

Complicating factors: previous myocardial infarction can result in an 
“atypical” form of bundle branch block in the presence of supraventricular 
tachycardia.
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WIDE QRS TACHYCARDIA

VENTRICULAR 
TACHYCARDIA 

(VT)

SUPRAVENTRICULAR TACHYCARDIA (SVT)

The arrhythmia originates 
in the ventricle below the 
bifurcation of the bundle 
of His. 
The impulse does not fol-
low the normal conduc-
tion system, hence the ac-
tivation of both ventricles 
does not occur simultane-
ously.

Antidromic AV reciproca-
ting tachycardia (AVRT) 
with anterograde conduc-
tion over a bypass tract 
and retrograde conduction 
over the AV node or a sec-
ond bypass tract.

A supraventricular tachycardia (SVT) commonly has a narrow 
QRS complex because the impulse originates in the atria 
and follows the normal AV conduction system.

The tachycardia originates 
in the atria but the impul-
ses are conducted with 
aberration into the ventric-
les either due to a pre-
existent or a rate related
bundle branch block.

DEFINITION :
a regular tachycardia at a rate faster than 100 bpm 

with QRS complexes of at least 120 ms.

VT AVRT (antidromic)SVT with BBB
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EB194

EB289

EB283

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

Wide QRS tachycardia  
at a rate of 166 bpm.  
The RS interval in the  
precordial leads is  
> 100 ms favoring VT.  
Note also the presence  
of QRS alternans which  
does not favor any  
diagnosis. 

Broad QRS tachycardia at a rate of 212 bpm due to AVNRT with right bundle branch block aber-
rancy. The triphasic QRS complex in lead V1 favors the diagnosis of SVT. 

Wide QRS tachy-
cardia at a rate of  
200 bpm.  
The QRS com-
plexes are broad 
and preexcited due  
to an antidromic AV  
reentry tachycardia  
(AVRT) with conduc-
tion over a left late-
ral bypass tract. 
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EB216

EB213

EB218

VENTRICULAR TACHYCARDIA 6
Examples of Wide QRS Tachycardias

There is an LBBB shaped tachycardia with predominantly negative QRS  
complexes in the precordial leads at a rate of 165 bpm. The initial r wave  
in V1 is wide at 0.05s. The frontal plane axis is left superior. These features  
strongly favor VT over supraventricular tachycardia with aberration. 

VT rate = 165 bpm. There is positive concordance in the precordial leads.  
All QRS complexes are positive. This pattern favors the diagnosis of VT but  
it may also occur with a preexcited tachycardia as in the Wolff-Parkinson- 
White syndrome. 

Broad QRS tachycardia;  
rate = 165 bpm. There is  
a left superior frontal plane  
axis, and a typical LBBB  
pattern of depolarization.  
This favors supraventricu- 
lar tachycardia with aber- 
ration but VT cannot be  
excluded on the basis of  
a single ECG. 
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Broad QRS tachycardia with a typical RBBB complex in V1. Rate = 158 bpm. Right axis deviation. 
This favors supraventricular tachycardia with aberration but VT cannot be excluded on the basis  
of a single ECG. 

VT at a rate = 180 bpm showing left superior axis and negative concordance in the precordial 
leads. All precordial leads show a QS (negative) configuration. Such negative concordance (QS 
pattern in all precordial leads or predominantly negative QRS complexes in all precordial leads)
strongly favors VT. In the past such a pattern was considered 100% diagnostic of VT. However, it  
has now been shown that a QS pattern across the precordial leads can also occur infrequently  
with aberrantly conducted supraventricular tachycardia.

EB219

EB215
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THE BRUGADA SYNDROME

Lead
V2

Lead
V1

Lead
V3

time

time

time

OR

Type 1

Type 2

Type 3

2mm

2mm
1mm

1mm1mm

time

time

time

J-point elevated (> 2 mm)
positive or biphasic T wave 

J-point less elevated (< 1mm)
positive or biphasic T wave 

SADDLE-
BACK

COVED

J-point elevated (> 2 mm)
negative T wave 

VENTRICULAR TACHYCARDIA 7

Brugada syndrome is an example of channelopathy, and a genetically determined disease (auto- 
somal dominant pattern of transmission in about 50% of familial cases) caused by an alteration in  
the transmembrane ion currents that constitute the cardiac action potential. It is characterized by ST  
elevation in leads V1 to V3, polymorphic ventricular tachycardia that may lead to syncope, cardiac  
arrest, or sudden cardiac death. There may be atrial fibrillation in 20% of patients. About 5% of  
survivors of cardiac arrest have no clinically identified cardiac abnormality. About half of these cases  
are thought to be due to Brugada syndrome. The context of the cardiac event is important. In many  
cases, cardiac arrest occurs during sleep or rest. Cases occurring during physical activity are rare.  
The typical patient with Brugada syndrome is young, male, and otherwise healthy, with normal  
general medical and cardiovascular physical examinations. In the initial description of Brugada  
syndrome, the heart was reported to be structurally normal, but this concept has been challenged.  
Subtle structural abnormalities in the right ventricular outflow tract have been reported.
Type I is the only ECG criterion that is diagnostic of Brugada syndrome. The type I ECG is characte- 
rized by a J elevation of at least 2 mm (= 0.2 mV), a coved type gradually descending STsegment  
followed by a negative T wave. Brugada syndrome is definitively diagnosed when a type I ST- 
segment is observed in more than one right precordial lead (V1 to V3) in the presence or absence of  
a sodium channel-blocking agent, in combination with an ill-defined form of complete or incomplete  
right bundle branch block. The ST segment elevation in V1 to V3 is characteristic and different from  
changes observed in other conditions. Placement of the right precordial leads in a superior position  
(up to the 2nd intercostal spaces above normal) can increase the sensitivity of the ECG for detecting  
the Brugada phenotype in some patients, both in the presence or absence of drug challenge. There  
are many patients with a normal electrocardiogram in whom the syndrome can only be recognized  
with a drug challenge. There are also patients who remain asymptomatic, despite an ECG with the  
characteristic type I pattern.

A drug challenge with a sodium channel bloc- 
ker (procainamide in the US or flecainide or  
ajmaline in Europe) to unmask Brugada syn- 
drome should be considered in patients with  
syncope in whom no obvious cause is found  
or in patients with cardiac arrest of unknown  
etiology. 
Note that fever amplifies the expression of  
Brugada syndrome since Na channels are  
temperature dependent and inactivated  
faster at a higher temperature. 
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EB200

EB210

Only type I pattern is diagnostic
of Brugada syndrome

The ECG is dynamic. The elec-
trocardiographic manifestations 
of the Brugada syndrome when 
concealed can be unmasked by 

sodium channel blockers, a 
febrile state, or vagotonic agents.

The ECGs of Brugada patients can change over time from type I to type II and/or normal ECGs and  
back. All three patterns may be observed sequentially in the same patient or following the introduction  
of specific drugs.
Individuals with ECGs displaying only one diagnostic right precordial lead have similar clinical profile  
and arrhythmic risk as Brugada patients with ECGs displaying more than one precordial leads.  
Revision of the consensus criteria should be considered.
Type II and III ST-segment elevation should not be considered diagnostic of Brugada syndrome  
because they are nocturnal variants. Type II ST-segment elevation has a saddleback appearance  
with a high take-off ST-segment elevation of at least 2 mm followed by a through displaying of more  
than 1 mm ST elevation followed by either a positive or biphasic T wave. Type III ST-segment  
elevation has either a saddleback or coved appearance with an ST-segment elevation ≤ 1 mm.

Typical type I Brugada ECG diagnostic of Brugada syndrome. In V1, note the 4 mm elevation 
of the J point, prominent coved ST elevation with a gradual descent and negative T waves. 
Lead V2 also shows coved ST elevation > 2 mm. 

Baseline ECG (V1 and V2 recorded in the 4th  
intercostal space) is suggestive of Brugada  
syndrome. Placing the V1 and V2 electrodes  
at the level of the 2nd interspace reveals the 
diagnostic pattern of the Brugada syndrome. 
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Catecholaminergic Polymorphic Ventricular 
Tachycardia 

Idiopathic Ventricular Tachycardia

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a congenital familial disease that 
leads to exercise-induced ventricular arrhythmias and/or syncope and carries an increased risk of  
sudden death. The onset of arrhythmias occurs in the first or second decade of life. There are no  
structural cardiac abnormalities. Molecular genetic studies have revealed inherited defects of intra- 
cellular calcium handling by the cardiac myocytes. Electrical instability due to triggered activity with 
polymorphic VT and syncope occur during physical activity or emotional stress. There may be a 
family history of syncope or sudden death in young relatives related to similar triggers. The resting 
ECG is normal and there is a prominent U wave. The QTc is normal. 
The diagnosis is based on finding reproducible ventricular arrhythmias during exercise testing. The 
complexity of these arrhythmias often increases with increasing work load, starting with ventricular 
premature beats, and ending with bidirectional ventricular tachycardia with beat-to-beat alternating 
frontal plane axis that rotates180° (which is very typical and resembles the classic bidirectional VT of  
digitalis toxicity), to polymorphic ventricular tachycardia and ventricular fibrillation. The arrhythmias 
tend to appear at a rate of 110–130 bpm, and disappear when the exercise is stopped. 

Idiopathic VT that occurs in the absence of structural heart disease, genetic conditions such as long  
QT syndrome, or metabolic/electrolyte abnormalities is referred to as idiopathic VT. Idiopathic forms  
of VT are rarely life-threatening but may be associated with hemodynamic compromise and syncope  
when rapid and sustained. Idiopathic VTs tend to originate from a few specific anatomic locations  
within the heart and manifest specific ECG patterns that may help to identify their site of origin.
Most idiopathic VTs originate from the right ventricular outflow tract (RVOT) and present with a left  
bundle branch block (LBBB) morphology and an inferiorly directed axis (note that the VT in ar- 
rhythmogenic RV dysplasia also shows a LBBB pattern usually with a superior axis, however, the RV  
dysplasia is associated with a number of ECG abnormalities not present in RVOT VT). Idiopathic  
RVOT tachycardia originates from a triggered activity and is adenosine sensitive. Most originate  
from the right side of the outflow tract region and about 10% originate from the left ventricular outflow  
tract. A LV site is suggested by an R wave transition in V1 or V2. Then, if there are no S waves in V5  
and V6 the site is supravalvular (aortic cusp). These VTs may be sustained (exercise-induced) or may  
present as repetitive runs of nonsustained VTs, referred to as repetitive monomorphic VTs. 
A less common form of idiopathic VT results from microreentry involving the fascicles of the left  
bundle branch, leading to VT with a right bundle branch block (RBBB) configuration. Exit of the VT  
from the posterior fascicle (of the left bundle branch) produces a pattern of RBBB with left anterior  
hemiblock which accounts for 90–95% of the cases. Exit from the left anterior fascicle produces a  
pattern of RBBB with right axis deviation. A third type is upper septal VT (rare) with a normal QRS  
duration and axis. Interestingly, this tachycardia is sensitive to verapamil.
A third form of idiopathic VT is propranolol sensitive and rare. It is neither initiated nor terminated by  
programmed stimulation, does not terminate with verapamil, and is consistent with an automatic  
mechanism. Isoprotenerol induces VT while betablockers are effective. 
Newly recognized entities of idiopathic VTs are those originating in the papillary muscles and in the  
atrioventricular annular regions. 

VENTRICULAR TACHYCARDIA 8
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Idiopathic VT arising from the right ventricular outflow tract. Rate = 230 bpm. The VT shows  
a LBBB configuration with an inferior axis (right axis) in the frontal plane. The negative QRS 
complex in lead I suggests an origin from the septal side. A positive QRS in lead I suggests  
an origin from the lateral part of the RVOT. This VT was eliminated by catheter ablation. 

Irregular bidirectional VT in a patient with catecholaminergic VT at a rate of about 110 bpm.  
The arrows point towards retrograde P waves.
M1, M2, M3 are monitor leads corresponding more or less to leads I, II and III. Caution is  
needed since nurses could place the electrodes elsewhere to obtain a high amplitude  
R wave and a good P wave. 
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Arrhythmogenic right ventricular dysplasia

Arrhythmogenic right ventricular dysplasia (ARVD) is a genetic nonischemic progressive condition  
in which the right ventricular (RV) myocardium is replaced by fat and fibrosis. It is a cardiomyopathy  
that involves primarily the RV causing arrhythmias originating from the RV. The RV is dilated and  
contracts poorly. Sudden cardiac death can be the first sign of ARVD. The symptoms of ARVD  
typically first occur during the late teens or young adulthood. It accounts for up to one-fifth of  
sudden cardiac deaths in people less than 35 years of age and 3–4% of sudden cardiac deaths that  
occur during exercise or playing sports.
The most common arrhythmia is monomorphic ventricular tachycardia (VT) which has a LBBB  
morphology and is caused by reentry. The frontal plane axis during LBBB-shaped VT may be  
superior in contrast to idiopathic VT arising from the right ventricular outflow tract (RVOT) where  
the axis is inferior. The VT may occasionally display an inferior axis mimicking the VT from the  
RVOT. Some patients have several VTs with different morphologies. Holter recordings may show a  
large number of VPCs with a LBBB configuration. Cardiac MRI is a powerful diagnostic tool  
because of its unique tissue characterizing capacity and potential to identify myocardial fibro-fatty  
infiltration and replacement.
The ECG findings are highly variable with depolarization and repolarization abnormalities. It may  
show incomplete or complete RBBB, inverted T waves in the anterior precordial leads (in the  
absence of RBBB) which in patients older than 14 years of age is the most suggestive indicator of  
ARVD. There may be localized prolongation of the QRS complex in leads V1 to V3 compared to V6  
(> 25 ms parietal block so that the QRS in leads V1 to V3 is > 110 ms) or a QRS duration in V1 + V2  
+V3 that is longer than that in leads V4 + V5 + V6 by a ratio > than 1.2. The latter is called localized  
right precordial QRS prolongation. The ECG may also exhibit epsilon waves visible as small, sharp  
discrete deflections at the terminal portion of the QRS complex in the anterior precordial leads  
indicative of delayed RV activation (post-excitation).

A prolonged S wave upstroke in V1 to V3 > 55 ms is found in 95% of ARVD patients. The sensitivity to  
detect these ECG abnormalities is enhanced by careful skin preparation to eliminate artifacts and  
by recording the ECG at double speed (50 mm/s) and double the usual amplitude. 
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DIAGNOSTIC FEATURES OF BBRT
1. Tachycardia morphology is a typical LBBB (rarely RBBB)
2. Induction of the tachycardia depends upon His-Purkinje 
    conduction delay
3. The tachycardia terminates with a block within the His-
    Purkinje system
4. During BBRT, a His potential precedes each QRS complex
5. Variations in the V-V intervals are preceded by similar
    changes in the H-H intervals

* BBRT responds poorly to pharmacologic therapy and has a high rate of recurrency
* BBRT can account for syncope, sudden death and frequent defibrillator therapies
* BBRT can be eliminated by catheter ablation

AV Node

His bundle

RB
LB

ventricular depolarization
starts at the RV apex

retrograde block
due to long

refractory period

slow 
retrograde
conduction

septum

GENESIS

AV Node

His bundle

RB
LB

slow 
retrograde
conductionrecovery of

anterograde
conduction

septum

BBRT tachycardia !

CONTINUATION

Bundle Branch Reentry

Bundle branch reentry tachycardia (BBRT) is an uncommon form of monomorphic ventricular  
tachycardia (VT) incorporating both bundle branches into the reentry circuit. It is special because  
the mechanism involves abnormal conduction through structures that are normally present - the  
bundle of His and the bundle branches. The right bundle is responsible for the anterograde limb of  
the circuit in a majority of cases, with retrograde activation via one of the fascicles of the left bundle  
branch. This results in a typical LBBB pattern on the surface ECG during VT. 

The rate is usually fast (> 200 bpm). The arrhythmia is usually seen in patients with an acquired  
heart disease, especially nonischemic dilated cardiomyopathy, and significant system impairment,  
although patients with structurally normal heart have been rarely described. Surface ECG in sinus  
rhythm (SR) characteristically shows intraventricular conduction defects. Patients typically present  
with presyncope, syncope or sudden death because of VT with fast rates frequently above 200  
bpm. The QRS morphology during VT is a typical bundle branch block pattern, usually left bundle  
branch block, and may be identical to that in SR. 
Less commonly, the circuit may travel in the opposite direction causing VT with a right bundle  
branch block configuration. On occasion, reentry may involve only the left anterior and posterior  
fascicles. 
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Long QT syndrome

VENTRICULAR TACHYCARDIA 10

1.  due to hereditary defects of ion channels Congenital LQTS
    responsible for the repolarization process.
2.  as a result of electrolyte disturbances or Acquired LQTS
    QT-prolonging drugs impairing the repolarization process.

CATEGORIES

LQT 1

LQT 2

LQT 3

time

time

time

ST segment and T wave
in hereditary LQTS

Long QT syndrome (LQTS) is a congenital familial  
disorder known to be caused by mutations of the genes  
for cardiac potassium channels or less commonly  
sodium ion channels resulting in malfunction of these  
channels influencing ventricular repolarization. There  
are at least 10 types of channelopathies but the first  
three, LQTS 1 to 3, are the most prevalent and most  
studied. LQTS1 occurs in 30–35% (K channel), LQTS2  
in 25-30% (K channel), LQTS3 in 5–10% (Na channel) of  
patients and comprise about 95% of the congenital  
LQTS.

LQTS is characterized by prologation of the QT interval  
on ECG and a propensity to ventricular tachyarrhyth- 
mias (polymorphic ventricular tachycardia – torsades de  
pointes or twisting of the points), which may lead to  
syncope, seizures, cardiac arrest, or sudden death.  
Torsades may either revert spontaneously back to sinus  
rhythm causing syncope or degenerate into ventricular  
fibrillation causing sudden death. 
Unfortunately, a normal resting QTc does not reliably exclude LQTS, although exercise testing may  
provoke prolongation of the QTc and the greatest diagnostic yield occurs in the recovery phase of  
exercise. LQTS may also be acquired due to drugs or metabolic abnormalities. It is likely that  
many of those with acquired LQTS have a genetic basis. 
Because the QT interval varies with heart rate (lengthening with bradycardia and shortening with  
tachycardia), the QT interval is corrected (QTc) for heart rate using Bazett’s formula: QTc = QT  
divided by the square root of the RR interval in seconds. The QT which represents the duration of  
activation and recovery of the ventricular myocardium is measured from the beginning of the QRS  
complex to the end of the T wave and is normally between 0.30 and 0.44s. Any QTc interval > 0.44 s is  
considered prolonged. Do not rely on computer measurements. Use values from 5 RR intervals. The  
normal QTc can be more prolonged in females (up to 0.46 s). When marked variation is present in the  
RR interval (atrial fibrillation, ectopy), correction of the QT interval is difficult to define precisely.  
Marked variability of the QTc may occur in serial ECGs. In normal people this variation may be 50–75  
ms over a 24 hr period.
LQTS1 shows broad-based T waves. LQTS2 shows low amplitude and notched T waves. LQTS3  
generates a long ST segment with a late-appearing T wave. Exercise testing and 24 hr Holter may  
help the diagnosis. An epinephrine challenge test is sometimes useful. The diagnosis is made using  
a point scoring system and genetic testing though a negative genetic testing does not rule out LQTS.  
T wave alternans signals a poor prognosis. Finally ECGs should be done in parents and siblings.
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EADEARLY AFTERDEPOLARIZATIONS (EAD) 
EADs originate during the phase 2 (plateau) or
phase 3 (final repolarization) of the action 
potential.
EADs are frequently found with prolonged 
action potential durations (as with LQTS)
when Ca channels can partly be reactivated
(note that Ca currents are depolarizing).
EADs often occur with slow heart rates and
usually following an extrasystole (i.e. after a
compensatory pause).

time

1/ first Epicardial layer
2/ next Endocardial layer
3/ last Midcardial layer

REPOLARIZATION

DISPERSION

TDR = transmural dispersion of
                            repolarization

action potential duration

EB241

Dispersion or difference of the action potential 
duration (APD) occurs even in the normal heart.
The epicardial APD is the shortest ! 

The ECG is  
consistent  
with type 1  

LQTS. 

Prolonged recovery from electrical excitation increases the likelihood of dispersing refractoriness,  
when some parts of myocardium might be refractory to subsequent depolarization. The interval from  
Tpeak to Tend (Tp-e) represents the transmural dispersion of repolarization (TDR). In long QT  
syndrome (LQTS), TDR increases and creates a functional substrate for transmural reentry. In  
LQTS, QT prolongation can lead to polymorphic ventricular tachycardia, or torsades de pointes,  
which itself may lead to ventricular fibrillation and sudden death. 
LQTS has been recognized as mainly Romano-Ward syndrome (i.e. familial occurrence with  
autosomal dominant inheritance, QT prolongation, and ventricular tachyarrhythmias) or as Jervell  
and Lang-Nielsen (JLN) syndrome (i.e. familial occurrence with autosomal recessive inheritance, 
congenital deafness, QT prolongation, and ventricular arrhythmias). Two other syndromes are  
described, namely Andersen syndrome and Timothy syndrome, though some centers debate on  
whether they should be included in LQTS. 
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short-long-short ventricular cycle 

post-ectopic pause abnormal T/U wave Torsades de pointes

(After: Yap Y & Camm A - Heart 2003; 89; 1363)

There is often a long-short interval before the onset 
of a tachycardia with “Torsades de Pointes”.

Torsades de pointes
Torsades de pointes (TdP) is a form of polymorphic ventricular tachycardia (VT) that occurs in  
acquired or congenital QT interval prolongation. In the specific case of TdP, these variations take the  
form of a progressive, sinusoidal, cyclic alteration of the QRS axis with rotation of the heart’s  
electrical axis by at least 180°. The peaks of the QRS complexes appear to “twist” around the  
isoelectric line of the recording. Twisting of the peak of the QRS complex occurs every 5-20 beats.  
Hence the name of torsades de pointes or “twisting of the points”. Typical features of TdP include a  
ventricular rate of 160 to 250 bpm, irregular RR intervals, and a cycling of the QRS axis every 5 to 20  
beats. The arrhythmia is preceded by long and short RR intervals and triggered by an early  
premature ventricular complex (R on T PVC). TdP is usually short-lived and terminates spon- 
taneously. However, most patients experience multiple episodes of the arrhythmia, and episodes  
can occur in rapid succession with potential degeneration to ventricular fibrillation and sudden  
cardiac death (SCD). 
Acquired LQTS usually results from drug therapy, hypokalemia, or hypomagnesemia. More than 50  
medications, many of them common, can lengthen the QT interval in otherwise healthy people and  
cause a form of acquired long QT syndrome known as drug-induced LQTS. They include certain  
antibiotics, antidepressants, antihistamines, diuretics, heart medications, cholesterol-lowering  
drugs, diabetes medications, as well as some antifungal and antipsychotic drugs. The list is  
obtainable from the internet. Hypokalemia, hypomagnesemia, and bradycardia can increase the  
risk of drug-induced LQTS. In addition, some patients with acquired LQTS may have some subtle  
genetic defects, making them more susceptible to disruptions in cardiac rhythm from taking drugs  
that can cause prolonged QT intervals (“forme fruste” of congenital LQTS). 
There is a characteristic initiating sequence before the onset of TdP, particularly in the acquired form  
with pause dependency. TdP are favored by bradycardia. The first ventricular complex of the  
sequence is usually a ventricular ectopic beat or the last beat of a salvo of ventricular premature  
beats. This is then followed by a compensatory pause terminated by a sinus beat. The sinus beat  
frequently has a very prolonged QT interval and an exaggerated U wave. A ventricular extrasystole  
then falls on the exaggerated U wave of the sinus beat and precipitates the onset of TdP. Alternation  
of the QT interval may precede the arrhythmia. 

Rhythm strip in a patient with drug-induced TdP. Typical short-long-short ventricular cycle, 
pause dependent QT prolongation, and abnormal TU wave leading to classical TdP. 
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EB238
Typical Torsades de Pointes in a patient with acquired Long QT Syndrome. 

Acquired LQTS in a patient taking sotalol and hydroxychloroquine (an old antirheumatic drug). 
TdP starts after a short-long-short sequence. 

Obvious T wave alternans in a LQTS patient. This pattern is associated with a poor prognosis. 
(♦ equal T waves)
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Short QT syndrome
Short QT syndrome (SQTS) is an inherited cardiac channelopathy characterized by an abnormally
short QT interval and an increased risk of atrial and ventricular fibrillation. SQTS diagnosis is based  
on the evaluation of symptoms, patient’s family history and 12-lead ECG. It is essential to question  
the patient about the presence of key symptoms (syncope and palpitations) and family history of  
syncope, sudden cardiac death or atrial fibrillation at a young age. Secondary causes of short QT  
must also be excluded; these causes include hyperthermia, hyperkalemia, hypercalcemia, acidosis  
and alteration of autonomic tone. The ECG shows tall and sharp T waves and virtual absence of the  
ST segment. The ECG looks like an ECG of hyperkalemia. When evaluating the ECG three main  
aspects need to be considered: the duration of the QT interval, the morphology of the T wave and  
the behavior of both of them with the heart rate. A QTc < 330 ms in males and QTc < 340 ms in  
females makes the diagnosis.
Hypercalcemia as cause of short QT must be ruled out. Patients with SQTS show constant QT  
values and a lack of adaptation to heart rate with failure to prolong adequately at lower heart rates,  
showing none or minimal prolongation with decrease in heart rate. There is abnormal shortening  
during acceleration (pseudo-normalization of the QT interval at rapid rates).
Thus, an ECG taken during a higher heart rate as in a Holter recording may not show the short QT  
because the QT interval in these patients will often be normal during tachycardia. Therefore in order  
to make the diagnosis it is mandatory that the QT interval be measured at a heart rate close to 60  
bpm and not corrected for heart rate.
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The short-coupled variant of torsades de pointes (TdP) is a rare
cause of torsades-like polymorphic VT without QT prolongation  
and without structural heart disease. It occurs in young patients  
often with a positive family history for sudden cardiac death.  
The most common first symptom is syncope. There is a high  
incidence of sudden death. The ECG displays typical TdP with  
a remarkably short coupling interval (always less than 300 ms)  
of the first TdP beat. Also, all the ventricular premature beats  
display this short interval. A short-long-short sequence of RR  
intervals is not present. The diagnosis may be missed unless  
the initiation of a VT is documented with an extremely short  
coupling interval of the first beat or of the isolated premature  
beats.
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Ventricular tachycardia (VT) is classified as polymorphic when  
QRS complexes during tachycardia vary in appearance from  
beat to beat, suggesting a variable electrical activation se- 
quence. Torsades de pointes (TdP) is the most common form of  
polymorphic VT and is associated with a prolonged QT interval.  
Acute coronary ischemia is a cause of polymorphic VT or  
ventricular fibrillation (VF) mostly with a normal QT interval, and  
is probably the most common cause of out-of-hospital sudden  
death. The polymorphic VT often occurs in patients without a  
prior history of heart disease, with normal left ventricular function  
and no prior myocardial infarction. This arrhythmia eventually  
leads to VF but it can be controlled with revascularization.
During acute ischemia, the leakage of potassium increases  
extracellular potassium that depolarizes myocytes in the is- 
chemic border zone. This depolarization causes a substrate for  
reentry for polymorphic VT and/or VF from electrical hete- 
rogeneity of conduction and refractoriness. 
In contrast, the most common setting for monomorphic VT is  
coronary artery disease in which myocardial scar tissue forms  
the substrate for electrical reentry. This type of VT can be seen in  
other conditions that create myocardial scarring. Scar-related  
monomorphic VT is not due to ischemia and usually does not  
lead to VF.

Short-coupled variant of  
Torsades de Pointes

Polymorphic ventricular tachy- 
cardia and cardiac ischemia
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VeNtrICULar FIBrILLatION 
aND 

VeNtrICULar FLUtter

* Ventricular fibrillation
* Ventricular flutter
*  Termination of ventricular fibrillation by a shock from an 

implanted defibrillator
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VENTRICULAR FLUTTER

Ventricular flutter often deteriorates into VF

Ventricular fibrillation (VF) consists of uncoordinated ineffectual contraction of the ventricles 
whereby they quiver uncontrollablly rather than contract properly. VF appears due to multiple  
reentry loops in the ventricles. Organized ventricular activity disappears and is replaced by rapid  
irregular electrical impulses at a rate of 350–450 bpm. VF is the most commonly identified  
arrhythmia of cardiac arrest (pulseless situation). The most common cause of VF is an acute  
myocardial infarction. VF is the final common pathway of many heart diseases. If this arrhythmia  
continues for more than 1–2 minutes, it will degenerate further into asystole (flat line) and death.  
Death often occurs if normal sinus rhythm is not restored within 90 seconds of the onset of VF,  
especially if it has degenerated further into asystole. The ECG is bizarre with a wandering baseline  
and shows QRS complexes of varying morphology and height so that no QRS complex looks like  
another. The QRS cannot be distinguished from the ST segment. There are no discernible P or T  
waves. VF can also be described as an undulating baseline. It may sometimes be difficult to  
differentiate VF from polymorphic VT. The totally disorganized ECG must be differentiated from  
artifact.

In about 5% of survivors of cardiac arrest no cardiac abnormality can be identified. Autopsy data  
confirm that in a similar percentage of victims of sudden death no structural heart disease can be  
identified. Occurrence of cardiac arrest in the absence of a substrate is defined as idiopathic VF.  
Idiopathic VF occurs in young adults who present with syncope or cardiac arrest due to polymorphic  
ventricular tachyarrhythmias in the absence of structural heart disease or identifiable chan- 
nelopathies. The spontaneous arrhythmias are not related to stress and are invariably triggered by  
narrow complex ventricular extrasystoles with very short coupling intervals. Idiopathic VF is often  
caused by premature ventricular complexes (PVCs) arising from the right ventricular outflow tract  
(RVOT) or the Purkinje system in the absence of structural heart disease. Recurrent life-threatening  
arrhythmias may occur in approximately 25–40% of patients within 2 years. Radiofrequency catheter  
ablation of the trigger PVCs arising from the RVOT or Purkinje system may be effective in  
prevention. 

J wave and early repolarization are generally considered as benign manifestations on the ECG.  
However recent observations suggest that they have the potential to cause cardiac arrhythmias. A  
higher incidence of arrhythmias was observed in patients with idiopathic VF associated with J wave  
and early repolarization on the ECG compared with those without such abnormalities. The  
association between J waves and idiopathic VF is a new finding but as yet we do not know how to  
distinguish “arrhythmogenic” from “normal” J waves. At present there are insufficient data to allow  
risk  stratification in asymptomatic patients with J point elevation. 

Ventricular flutter is a rapid VT believed to be due to reentry. The rate is traditionally close to 300  
bpm though it is sometimes described in terms of much slower rates. The ECG reveals a  
sinusoidal pattern and P waves, QRS complexes and T waves cannot be distinguished. Thus  
the ECG looks the same when it is visualized upside down. The arrhythmia may be considered  
an extreme form of VT and it is associated with rapid and profound hemodynamic compromise.



307

Progress in the knowledge of ventricular arrhythmias has revealed new forms of VT. A form of  
idiopathic VT may be propranolol sensitive and rare. It is neither initiated nor terminated by  
programmed stimulation, does not terminate with verapamil, and is consistent with an automatic  
mechanism. Isoprotenerol induces VT. Betablockers are effective. Newly recognized entities of 
idiopathic VTs include those originating in the papillary muscles and in the atrioventricular  
annular regions.

Ventricular �brillation

EB293

Ventricular �utter

EB226

Ventricular tachycardia / ventricular �brillation
with structurally normal heart

* Right (or less commonly left ventricular) outflow tachycardia
* Fascicular VT
* Catecholaminergic VT
* Brugada syndrome
* Long QT syndrome
* Short QT syndrome
* Closely coupled torsades
* Propranolol sensitive VT
* Idiopathic ventricular fibrillation with J point abnormality
* Idiopathic ventricular fibrillation

Ventricular rate is about 300 bpm
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Ventricular flutter often deteriorates into VF
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Termination of ventricular fibrillation by a shock from an implanted defibrillator

?1080 ms

0.2 s
Artifact mimicking a ventircular tachycardia. 
Typical peaking of the QRS complex within the artefactual recording.

The ventricular intracardiac recordings (electrograms on top) were recorded by a single chamber  
implantable cardioverter (ICD-VR) programmed to deliver a shock when the heart rate exceeds  
222 bpm (i.e. a cycle length of 270 ms). A ventricular premature beat (arrow) starts ventricular  
fibrillation (VF).  The device makes the diagnosis of VF at the point labeled by the “Trigger” marker.  
Then, the capacitor of the ICD begins charging to a high voltage as shown by the small solid circles  
below the ventricular electrogram. The cycle length detected by the ICD is shown at the foot of  
the recording. Twelve seconds after the onset of VF the ICD delivers a 36 joule shock which  
immediately terminates VF. VS = sensed ventricular event with a cycle length longer than the  
required duration to activate the ICD. HV = high voltage.
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preeXCItatION aND  
WOLFF-parKINSON-WhIte  

SYNDrOMe (WpW)

* Accessory pathways and delta waves
* ECG manifestations
* Features of the WPW syndrome
* Location of accessory pathways
* WPW is a great mimic
* Arrhythmias
* Characteristics of benign accessory pathways
*  Preexcitation variants – atriofascicular, atriohisian and 

fasciculoventricular bypass
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PREEXCITATION AND WPW SYNDROME 1

Conduction over an ac-
cessory pathway (AP) 
circumvents conduc-
tion delay occurring 
within the atrioven-
tricular node (AVN), 
which leads to early ec-
centric activation of the 
ventricles and fusion 
complexes.

In 1930, Wolff, Parkinson, and White (WPW) described a series of young patients who had a  
bundle branch block pattern on the ECG, a short PR interval, and paroxysms of tachycardia.
Preexcitation was defined by Durrer et al. in 1970 with the following statement: “Preexcitation  
exists, if in relation to atrial events, when the whole or some part of the ventricular muscle is activated  
earlier by the impulse originating from the atrium than would be expected if the impulse reached  
the ventricles by way of the normal specific conduction system only”. There are many other  
bypass tracts (that do not belong to the WPW syndrome) also associated with preexcitation,  
including atriofascicular, fasciculoventricular, nodofascicular, or nodoventricular. By far the  
commonest bypass tract is an accessory AV pathway of the WPW syndrome.

WPW syndrome strictly refers to patients with symptoms. Those without symptoms strictly have a  
WPW pattern. However the terms are used loosely in the literature. WPW is currently defined as a  
congenital abnormality involving the presence of abnormal conductive tissue between the atria  
and the ventricles. The abnormal pathway connects directly and bypasses the AV node. The  
normal sinus impulse can travel down the normal pathway through the AV node, as well as the  
more rapidly conducting extra electrical accessory pathway. This results in ventricular  
depolarization starting earlier, or “preexcitation”. It also produces eccentric myocardial activation.  
The WPW beat is a fusion beat. The presence of two pathways (the normal and the accessory  
one) between the atria and ventricles poses a risk of developing a “short circuit” which can result  
in an arrhythmia.

Classic ECG findings (see following figure) that are associated with WPW syndrome include the  
following:

MECHANISM

ECG MANIFESTATIONS
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Some accessory pathways cannot conduct retrogradely under ordinary circumstances but re- 
trograde VA conduction may sometimes become evident in high catecholamine (adrenergic)  
situations. Others have a concealed bypass tract with absent anterograde conduction. Although  
such connections are accessory pathways, they cannot conduct anterogradely. Therefore the  
ECG of patients with a concealed accessory pathway does not show the classic ECG abnor- 
malities of WPW syndrome. However, these concealed bypass tracts can conduct retrogradely  
and can participate in orthodromic supraventricular tachycardia. About 25% of WPW patients with  
anterograde pathway conduction show absent retrograde conduction. Such patients are  
incapable of developing atrioventricular reentry tachycardia (AVRT) but are at risk of developing  
atrial fibrillation with rapid ventricular rates if the refractory period of the accessory pathway is  
short. Bystander accessory pathways may not be an active participant in an arrhythmia. This has  
to be confirmed by an electrophysiologic study. Some bystanders during a regular  
supraventricular tachycardia are not benign because they may have the capability of conducting  
rapid ventricular rates during atrial fibrillation.

The prevalence of ventricular preexcitation is thought to be 0.1–0.3%, or 1 to 3 per 1000 people in  
the general population (1 in 1000 patient years) and is more prominent in young patients. Estimates  
of arrhythmia incidence in patients with preexcitation vary widely, ranging from 12% to 80% in  
several surveys. Only about 5% of the tachycardias in patients who have WPW syndrome are  
antidromic tachycardias; the remaining 95% are orthodromic. The presence of an antidromic  
tachycardia should prompt a careful search for a second bypass tract. Patients with a WPW  
syndrome have a second pathway in 10–15% of cases.

Features of the WPW syndrome
* Presence of a short PR interval (< 120 ms)
* A wide QRS complex longer than 110 ms with a slurred onset of the QRS waveform producing a    
delta wave in the early part of QRS. An accessory pathway activates the myocardium ahead of the 
His-Purkinje conduction system. Conduction outside the specialized conduction system is more 
sluggish as reflected by the slow rate of change of the delta wave.
* Secondary ST-T wave changes.
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315ASSOCIATED FINDINGS

DEGREE OF PREEXCITATION

LOCATION OF ACCESSORY PATHWAYS

1.  A second accessory pathway is present in 10–15% of patients.
2. WPW patients have a higher incidence of dual AV nodal pathways.
3.  The accessory pathway may not actively participate in a supraventricular tachycardia, taking  

the role of a bystander.

The degree of preexcitation on an ECG can be estimated by the width of the QRS complex. A  
wider or more preexcited QRS with a short PR interval indicates that most (or all) of the ventricular  
depolarization takes place via the accessory pathway rather than via the AV node. QRS width  
may vary with the heart rate if catecholamines permit the pathway through the AV node to con- 
tribute more to ventricular depolarization by enhancing AV nodal conduction. 

The ECG pattern of WPW is absent unless a sufficient amount of ventricular myocardium is pre- 
excited. The longest distance from the sinus node to the atrial insertion of an accessory pathway  
occurs with left lateral pathways. Consequently the WPW pattern may be subtle or invisible  
(latent WPW) with left lateral pathways. This should not be interpreted as an anterograde block in  
a pathway or the absence of preexcitation. Atrial pacing close to the pathway then brings out the  
full ECG WPW appearance.

The location of the APs, in descending order of frequency, is (1) 55%, the left free wall, (2) 33%,  
posteroseptal, (3) 9%, right free wall, and (4) 3%, anteroseptal.
The ventricular site of an accessory pathway can often be predicted with reasonable certainty by  
examining the vector of the delta wave portion of the QRS. The vector should point away from the  
area that is first activated by the accessory pathway. A general rule is that Q waves (negative delta  
waves) point away from the earliest site of ventricular activation, which should be the insertion  
point of the bypass tract.

P wave polarity
During orthodromic tachycardia, an inverted P wave in lead I suggests the atrial insertion in the  
left ventricular free wall. An inverted P wave in the inferior leads suggests a posteroseptal  
insertion right or left

Several algorithms are available to predict the location of the AP using the vector of the delta  
wave. These algorithms may not be totally accurate because maximal preexcitation is not avai- 
lable and because the WPW beat is a fusion between activation via the AV node and accessory  
pathway depolarization and because precordial lead placement, chest shape and characteristics  
of the heart may vary. Many complex algorithms have been published focusing on the vector of  
the delta wave.

Using the polarity of the delta wave provides a number of generalizations:
* A negative delta wave in a left-sided lead such as I and aVL indicates a left-sided AP
* A negative delta wave in a right-sided lead such as V1 predicts a right-sided AP
* An isoelectric delta wave in V1 predicts an anteroseptal AP
* A negative delta wave in the inferior leads (II, III, aVF) indicates a posteroseptal AP
* A positive delta wave in the inferior leads predicts an anteroseptal AP
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ERRORS IN BYPASS LOCALIZATION
* Minimal preexcitation on the surface ECG
* Multiple pathways
* Thoracic deformities & congenital heart disease

We prefer the algorithm published by d’Avila in 1995 which is based on the QRS morphology in 5  
ECG leads and is 92% accurate. The diagram shows 8 distinct anatomic zones. The QRS  
complex is described as + (positive), − (negative) and +/− (isophasic).

8 possible anatomic locations of the AP

(1) LL : left lateral
(2) LP : left posterior
(3) LPS : left posteroseptal
(4) PS : posteroseptal
(5) RPS : right posteroseptal
(6) RL : right lateral
(7) AS : anteroseptal
(8) MS : mid-septal

PV : pulmonary valve
AV : aortic valve
MV : mitral valve
TV : tricuspid valve
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According to the above algorithm, the previous ECG (see p.309) shows a positive QRS in V1  
and a positive QRS in lead III so the accessory pathway is most probably left lateral.

The next ECG shows a WPW with a positive V1 and a negative lead III, putting the accessory  
pathway in the left posteroseptal region.

This ECG shows a WPW with negative V1, negative lead III, positive lead II and positive V2,  
putting the bypass tract in the right posteroseptal region.
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I V1
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II

III

aVR
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EB156

Negative delta wave in  V1        right-sided AP
Negative delta wave in II, III and aVF       posteroseptal AP

WPW is a great mimic !
*  Negative delta waves resemble MI (myocardial infarction). 
   Calling WPW Q waves in II, III and aVF (posteroseptal AP)
   an inferior MI is the commonest error.
*  Tall R waves in V1 resembles right bundle branch block.
*  Ventricular hypertrophy.
*  ST-T wave abnormalities may simulate cardiac ischemia.

The following ECG is a WPW with isoelectric V1, positive lead III and negative aVL, putting the  
accessory pathway in the left lateral region.

The next ECG shows a WPW with a negative V1, negative lead III and positive V2, putting the  
accessory pathway in the right posteroseptal region. This ECG is somewhat similar to the  
lower one in part 3; however, this ECG shows Q waves in leads II, III and aVF mimicking an  
inferior myocardial infarction.
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V2

V3

V4
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V1

Posteroseptal accessory pathway mimicking inferior myocardial infarction with Q waves  
in leads III and aVF

ARRHYTHMIAS

Orthodromic tachycardia

Antidromic tachycardia

Patients with WPW syndrome usually present with supraventricular tachycardia but they are  
potentially at an increased risk of dangerous ventricular arrhythmias due to extremely fast  
conduction across the bypass tract if they develop atrial flutter or atrial fibrillation.

About 2/3 of WPW patients have arrhythmias. Types of SVT include orthodromic tachycardia and  
antidromic tachycardia down the AP and retrograde conduction up the His-Purkinje system and  
AV node. In patients with WPW in which the AP participates in macro-reentry, 95% of SVT is due to  
orthodromic tachycardia and 5% is due to antidromic tachycardia. Overall 80% of the arrhythmias  
are AVRT and about 20% are atrial fibrillation and flutter though the latter is unusual. Conduction  
in an accessory pathway is generally rate-independent.

In orthodromic tachycardia (AVRT), the normal pathway is used for ventricular depolarization, and  
the AP is used for retrograde conduction essential for reentry. On ECG findings, the delta wave is  
absent, the QRS complex is normal, and P waves are typically inverted in the inferior and lateral  
leads.

Antidromic tachycardia is regular and produces a wide QRS, reflecting an exagggeration of the  
delta wave during sinus rhythm.This tachycardia is difficult to differentiate from ventricular  
tachycardias and often has a slurred R wave upstroke with QRS duration longer than 160 ms.  
There are two types: (1) anterograde conduction along an accessory pathway and retrograde  
conduction via the AV node; (2) anterograde conduction along an accessory pathway and  
retrograde conduction via another accessory pathway.
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Atrial fibrillation (AF)
For reasons that are not clear atrial fibrillation is relatively common (20%) in patients with WPW  
syndrome compared with the normal population. Many AF patients also have inducible AVRT that  
can degenerate into AF. In AF several patterns are possible bearing in mind that a rapidly conducting  
accessory pathway conducts faster than the AV node and therefore avoids the rate-limiting function  
provided by the normal conducting pathways.

Preexcitation activation of the ventricles is predominantly via a rapidly conducting accessory  
pathway causing an irregular rapid rhythm with wide QRS and bizarre morphology. The atria  
generate electrical impulses at an extremely rapid rate; those impulses can travel down the  
accessory pathway and stimulate the ventricles at an also extremely rapid rate, leading to a  
dangerous situation which may be life-threatening. The ventricular rate may be faster than 250 bpm,  
with some RR intervals approaching a corresponding rate of 300 bpm. Therefore AF may resemble  
ventricular tachycardia. However, the extreme irregularity suggests that the arrhythmia is not  
ventricular tachycardia. Extremely rapid ventricular rates may exceed the ability of the ventricles to  
follow in an organized manner resulting in disorganized ventricular activation, hypotension and  
eventually ventricular fibrillation.

WPW syndrome with atrial fibrillation producing a very rapid irregular ventricular rate. The  
shortest RR interval measures 200 ms or slightly less and the ventricular rate is close to 300  
bpm. The QRS is wide showing exclusive conduction via a left posteroseptal accessory pathway.

PREEXCITATION AND WPW SYNDROME 5

EB87
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EB97

A malignant accessory pathway is defined by the occurrence of very 
fast arrhythmias during spontaneous attacks of atrial fibrillation 
(faster than 240–250 bpm).

A broad QRS tachycardia that is irregular with a ventricular rate 
above 200 bpm and QRS morphology usually attributable to 
ventricular tachycardia should immediately arouse the suspicion 
of atrial fibrillation with conduction over an accessory pathway

WPW syndrome with atrial fibrillation producing a very irregular ventricular rate. Some of the  
intervals measure 200 ms or slightly less. The QRS complexes are mostly wide because of con- 
duction along a left accessory pathway (AP). There is competition between impulses traveling  
down the AV node and those traveling along the AP. This competition produces beats of  
varying morphology with normal QRS duration and fusion beats from ventricular activation by  
conduction in the 2 pathways. The change in the axis in lead II suggests the presence of 2 APs  
which were found in the left posteroseptal and left posterior regions. The combination of the vary- 
ing QRS morphologies and irregular ventricular rate is very typical of atrial fibrillation in the pre- 
sence of a rapidly conducting AP.

In atrial fibrillation with preexcitation, activation of the ventricles is predominantly via the accessory  
pathway. Occasional activation of the ventricles occurs via the AV node resulting in a capture beat  
with a normal QRS together with a variety of fusion beats with inconsistent morphology as the  
ventricles are activated via both the accessory pathway and the AV node. This produces an irregular  
tachyarrhythmia with changing QRS morphology and shape.
Predominant or complete conduction via the AV node occurs when the accessory pathway has a long  
refractory period.
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EB160

Characteristics of benign accessory pathway
(1) The best indicator of low risk is the sudden disappearance of the preexcitation pattern during  
exercise testing. That finding indicates a long anterograde refractory period of the accessory  
pathway (AP). Intermittent preexcitation is present when, during sinus rhythm, some QRS  
complexes show preexcitation and are followed by QRS complexes showing AV conduction over  
the normal AV conduction pathway. One must be careful, however, to distinguish true block in the  
AP from diminution of the degree of preexcitation over the AP produced by sympathetic sti- 
mulation during exercise, which will shorten the trans-AV nodal conduction time. This is more likely  
to occur when the AP is left-sided. Therefore, several leads should be taken simultaneously. The  
exercise response must also be differentiated from a bigeminal ventricular rhythm with a long  
coupling interval.
(2) Intermittent WPW pattern on Holter registration.
(3) The accessory bundle responds to blockade by medication (especially sodium channel  
blockers).

About 1/3 of pathways conducting anterogradely eventually become nonfunctional with long-term  
follow-up.

Intermittent WPW pattern



323

EB163

The location of the pathway or the degree of preexcitation do not
predict the clinical course.

If an electrophysiologic study is performed for risk stratification, the combi-
nation of inducible AVRT and a shortest preexcited RR interval in AF of less 
than 240–250 ms provide the most compelling indications for ablation in 
selected asymptomatic patients. The benefits of ablation should be weighed 
against the complications of the procedure.

Mortality in WPW syndrome is rare and is related to sudden cardiac death (SCD). The incidence of  
SCD in WPW syndrome is approxmately 1 in 1000 symptomatic cases when followed for up to 15  
years. Although relatively uncommon, SCD may be the initial presentation in as many as 4.5% of  
cases. Factors that appear to influence the risk of SCD are the presence of multiple bypass tracts,  
short AP refractory periods (< 240–250 ms), AF and atrial flutter (RR interval during arrhythmia 
< 240–250 ms) or a family history of premature sudden death.

Intermittent WPW pattern

The management of the asymptomatic patient remains controversial. Asymptomatic patients with  
ventricular preexcitation may be considered for an electrophysiologic study to determine if the  
accessory pathway (AP) is associated with a high risk of sudden cardiac arrest and if the refractory  
period of the AP is short. If so, catheter ablation may be considered if their livelihood, profession,  
high risk occupation (bus driver, scuba diver, pilot) or professional athletes, insurability, or mental  
well-being may be influenced by unpredictable tachyarrhythmias or in whom such tachyarrhythmias  
would endanger the public safety. Patients with WPW and a family history of sudden cardiac death 
should also be considered for catheter ablation if noninvasive testing fails to reveal a low risk AP.

Mortality
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* Atriofascicular
* Nodofascicular (most probably the same as atriofascicular)
* Nodoventricular (most probably the same as atriofascicular)
* Fasciculoventricular
* Atriohisian (James). Lown Ganong Levine syndrome?

PREEXCITATION VARIANTS
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ATRIOFASCICULAR BYPASS

ATRIOHISIAN BYPASS

Atriofascicular fibers (called Mahaim bypass tracts in the  
past) originate in the right atrial free wall and insert into the  
distal part of the right bundle branch (RBB) or the adjacent  
ventricular myocardium. They are functionally similar to that  
of the AV node. Many so-called nodoventricular and nodo- 
fascicular bypass tracts studied in the past were actually  
atriofascicular tracts (like the AV node). In any case true  
nodoventricular and nodofascicular bypass tracts are very  
rare. The anterograde conduction time of atriohisian  
bypass tracts is rate-dependent. Approximately 6% of  
patients presenting with supraventricular tachycardia with a  
typical left bundle branch block morphology (with left axis  
deviation) have been found to have an atriofascicular  
bypass tract. In such cases, antidromic AV reentrant  
tachycardia results from anterograde conduction down the  
bypass tract and retrograde propagation via the normal  
conduction system. Orthodromic AVRT almost never  
occurs, because these bypass tracts generally do not  
conduct in a retrograde direction.
It is not uncommon for atriofascicular fibers to coexist with  
other accessory pathways which may serve as the retro-
grade limb of a preexcited (typical) LBBB tachycardia.  
Atriofascicular bypass tracts may coexist with other supra- 
ventricular tachycardias that do not require an AV bypass  
tract for initiation and maintenance. Thus with AV nodal  
reentrant tachycardia, atriofascicular pathways may be  
present and function as a bystander.

An atriohisian bypass tract is a form of preexcitation manifested as a short PR interval shorter than  
0.12 s that is the result of enhanced or rapid atrioventricular (AV) conduction. The usual cause is an  
accessory pathway (James bundle) which links the atrium to the ventricle and bypasses the normal  
AV node. As in WPW syndrome, the accessory pathway does not share the rate-slowing properties  
of the AV node, and may conduct electrical activity at a significantly higher rate than the AV node  
even up to 300 bpm (in the presence of a total AV nodal bypass) with obvious disastrous 
 consequences. The QRS complexes in Lown Ganong Levine (LGL) are normal because ventricular  
activation is initiated in the normal manner. The association of a short PR interval and supra- 
ventricular tachycardia has been called LGL syndrome but this terminology is now rarely used.
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FASCICULOVENTRICULAR  BYPASS

*   The QRS is normal unless there is functional aberration at rapid heart rates. The delta waves and  
broad complexes seen in WPW syndrome are not seen in LGL syndrome as the accessory pathway  
does not connect to the ventricles and so ventricular activation does not start early.

*   Possible existence of intranodal or paranodal fibers that bypass all or part of the AV node. In some  
cases there is accelerated conduction through the normal AV node rather than along an accessory  
pathway. If a true accessory pathway is present, there is the potential for developing a reentrant  
supraventricular tachycardia (involving the node and the bypass tract) or having rapid ventricular  
rates during atrial fibrillation or atrial flutter.

*   Patients with an isolated finding of short PR interval and no tachycardia may be characterized as  
having accelerated atrioventricular nodal conduction. Normal variant ?

These are rare causes of preexcitation which do not give rise to any reentrant tachycardia, appear 
to be only an ECG oddity (mimicking manifest WPW) and constitute an EP curiosity.

Antidromic AVRT
with conduction over
a right-sided atriofas- 
cicular bypass tract.
Note the typical broad
QRS tachycardia with
complete LBBB and
left axis deviation.
Short RP interval and
long PR interval.
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eLeCtrOLYte 
aBNOrMaLItIeS  

* Hyperkalemia 
* Hypokalemia
* Hypomagnesemia 
* Hypermagnesemia
* Hypocalcemia
* Hypercalcemia
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ELECTROLYTE ABNORMALITIES 1

3,5 - 5,0 mEq/L

ca. 7 mEq/L

8,0 - 9,0 mEq/L

> 10,0 mEq/L

A very broad QRS > 0.20 s in 
an idioventricular rhythm and 
no visible P waves should be 
considered due to hyperkale-
mia until proven otherwise.

Suspect hyperkalemia when the amplitude of the T wave > R wave in 
more than one lead.
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HYPERKALEMIA
Hyperkalemia is defined as a potassium level greater 
than 5.5 mEq/L. Ranges are as follows : 
* Mild : 5.5–6 mEq/L 
* Moderate : 6.1–7.0 mEq/L
* Severe : 7.0  mEq/L and greater
Hyperkalemia causes depression of conduction with  
widening of the P wave and QRS complex, while the 
function of the sinoatrial (SA) node and the AV node are 
suppressed. Early changes of hyperkalemia include  
tall tented or peaked T waves with narrow base seen  
best in the precordial leads (the Eiffel tower effect). The 
T wave shows a steep ascent and descent in the  
precordial leads. There is a shortened QT interval, and 
ST segment depression. The T wave changes occur  
before changes in the QRS. These changes are  
followed by a widening of the QRS complex, increases 
in the PR interval, and decreased amplitude and  
widening of the P wave. This produces the appearance 
of a bizarre idioventricular rhythm with very wide QRS 
complexes (nonspecific intraventricular conduction  
disorder with a QRS that may be > 180 ms) without P  
waves. Without treatment, the P wave eventually  
disappears and the QRS morphology widens to  
resemble a sine wave.

Hyperkalemia may cause complete AV block, hemiblock, bundle branch block and an axis 
shift because of an intraventricular conduction delay. These abnormalities are reversible.
Occasionally the ECG in severe hyperkalemia shows ST elevation in V1 and V2 
resembling cardiac ischemia and infarction but these changes disappear after dialysis in 
patients with chronic renal failure.
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Sinus rhythm with attenuated P waves and marked first-degree AV block, intraventricular con- 
duction delay (QRS = 0.28 s) when the potassium level was 7.3 mEq/L. The ECG showed a 
normal PR interval and a narrow QRS complex when the potassium level was normal.

Hyperkalemia. Patient with a potassium level of 7.1 mEq/L. Probable slow ventricular tachy- 
cardia (rate = 115 bpm). P waves are not visible. Note the ST elevation in lead V1 suggesting  
ischemia or infarction.

Even though the pseudoinfarction pattern of hyperkalemia (in the right precordial leads) is well  
known, the ST segment elevation can be so striking that it raises the possibility of coexistent acute  
infarction. The elevated ST segment is often downsloping, a finding that is unusual in acute  
myocardial infarction, which is more likely to show an ST segment that has a plateau or a shoulder  
or is uprising.

Simulation of infarction
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Normal
3.5–5.0 mEq/L

ca. 3.0 mEq/L

ca. 2.0 mEq/L

ca. 1.0 mEq/L
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* A prominent U wave with a small T wave 
   should raise suspicion of hypokalemia.
* The end of the T wave may not be identifiable.
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HYPOKALEMIA
Hypokalemia may been defined as a potassium level  
lower than 3.5 mEq/L. Moderate hypokalemia is a  
serum level of < 3.0 mEq/L. Severe hypokalemia is  
defined as a level < 2.5 mEq/L. ECG changes appear  
when K+ falls below about 2.7 mEq/L; these changes  
are mainly due to a delayed ventricular repolarization.  
The changes normally do not correlate well with the  
plasma concentration and the ECG is unreliable in the  
diagnosis of hypokalemia. The ECG changes are not  
very dramatic and are rare in mild hypokalemia. The  
hearts of patients with hypomagnesemia or digoxin  
therapy are more sensitive to hypokalemia. Changes  
that may be noted are: prominent U wave; increased  
amplitude and width of the P wave; slight prolongation  
of the PR interval and minimal QRS prolongation; T  
wave flattening and inversion; mild ST depression. 

The U wave is a small wave that occurs after the T wave and is usually 1/10 th the height of the T wave 
in the normal situation. The origin of the U wave is uncertain and is believed that it may arise from  
repolarization of the Purkinje fibers. U waves are not specific for hypokalemia. They also occur in  
bradycardia and left ventricular hypertrophy. Prominent U waves (best seen in the precordial leads as 
a bump) are the most common ECG abnormality of hypokalemia. The apparent prolongation of the  
QT interval is caused by fusion of the T and U waves as the T wave becomes smaller and the U wave 
larger and the U wave becomes higher than the T wave. These 2 waves may no longer be  
distinguished (long QU interval), while the true QT interval remains normal. With worsening  
hypokalemia, a potential to develop life-threatening ventricular arrhythmias exists (VT, VF, torsades  
de pointes). In patients on digoxin, hypokalemia may precipitate the arrhythmias of digitalis toxicity.

Hypokalemia. Note  
the ST depression  
and the prominent U  
wave. In V5 the am- 
plitude of the T wave  
and the U wave are  
similar. There is pro- 
longation of the  
QU interval.
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HYPERMAGNESEMIA

HYPOCALCEMIA

HYPERCALCEMIA

Severe hypomagnesemia occurs when the level is lower than 1.0 mEq/L. On ECG, hypomag- 
nesemia can present with nonspecific abnormalities, prolongation of the QT and PR intervals,  
widening of the QRS complexes, ST segment depression, and low T waves, as well as supra- 
ventricular and ventricular tachyarrhythmias especially in patients on digoxin. Torsades de pointes  
may occur. Many patients will have several metabolic disorders such as hypokalemia with  
hypomagnesemia.

Magnesium levels above 10 mEq/L are defined as severe hypermagnesemia. The following  
changes may occur: delayed intraventricular conduction, first-degree heart block, prolongation of  
QT interval. Heart block progressing to complete heart block and asystole.

Hypocalcemia causes narrowing of the QRS complex and reduced PR interval. T wave flattening 
and inversion may occur in 50% of the patients. Occasionally with severe hypocalcemia, ST  
elevation mimicking  an acute MI can be seen.

The main ECG abnormality seen with  hypercalcemia 
is shortening of the ST segment with corresponding 
decrease in the QT interval.
When compared with the second half (descending  
limb) of the T wave, the first half (ascending limb) of 
the T wave is more steep. In normal subjects, the  
descending limb of the T wave is normally more steep 
than the ascending limb.
In severe hypercalcemia, ECG findings mimicking  
hypothermia with deflections known as Osborn  
waves (J waves) may be seen.
Significant hypercalcemia can cause ECG changes  
mimicking an acute myocardial infarction.

Hypercalcemia. 
Sinus rhythm 
(75 bpm) 
QT = about 
0.24 s (240 ms); 
QTc = 0.268 s 
(268 ms)

The ECG hallmark of hypocalcemia remains the prolongation of the QTc interval directly related to  
lengthening of the ST segment, which is directly proportional to the degree of hypocalcemia or, as  
otherwise stated, inversely proportional to the serum calcium level. The exact opposite holds true for 
hypercalcemia. The long ST segment is the most important diagnostic feature of hypocalcemia.  
With very severe hypocalcemia, AV block, torsades de pointes and ventricular fibrillation may occur. 
The combination of hypocalcemia and hyperkalemia is seen mostly in patients with chronic renal  
failure where there is prolongation of the ST segment /QT interval (there is no change in T wave  
duration) and tall and symmetric T waves.
The QT prolongation is in contrast to hypokalemia where it is the QU and not the QT which is  
prolonged.

Normal calcium level 
(2.1 - 2.6 mEq/L)

Hypercalcemia
(Ca-level > 2.6 mEq/L)

Hypocalcemia
(Ca-level < 2.1 mEq/L)

(C)

(B)

(A)

t

t

t

360 ms
QT

300 ms
QT
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QT
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ABERRANT CONDUCTION 1

APD

APD

ARP

ARP

RRP

RRP

Action
Potential

Left
Bundle
Branch

Action
Potential

Right
Bundle
Branch

APD = action potential duration

ARP = absolute refractory period

RRP = relative refractory period
phase 4phase 3

phase 3 phase 4

The refractory periods of the 
right bundle branch are longer
than those of the left bundle
branch

Aberrant ventricular conduction is defined as QRS widening due to delay or block in bundle branch
or intramyocardial conduction. The alteration in the QRS contour of supraventricular beat is related 
to impulse transmission during periods of physiologic refractoriness, or depression of conductivity.

In the normal heart, a very premature impulse arriving in the ventricles may exhibit aberrant  
conduction or functional bundle branch block (BBB). The beat is then conducted with functional BBB  
(usually right BBB because the right bundle branch has a longer refractory period than the left  
bundle branch). Aberrant conduction may also occur with fast supraventricular tachycardias in the  
absence of disease of the His-Purkinje system by mechanisms outlined below.
QRS morphology is the most helpful clue in differentiating between a supraventricular and  
ventricular origin of wide QRS complexes. The morphologic features that favor ventricular origin of  
wide complexes are discussed in the VT broad QRS tachycardia sections of the book. The com- 
bination of a long RR interval followed by a short interval may lead to aberrant ventricular  
conduction as seen in atrial fibrillation (Ashman phenomenon).

The Ashman phenomenon refers to aberrant ventricular conduction due to change in QRS cycle  
length (rate). In 1947 Ashman reported that in atrial fibrillation (AFib), when a relatively long cycle  
was followed by a relatively short cycle, the beat with a short cycle length often had right bundle  
branch block (RBBB) morphology. This causes diagnostic confusion with ventricular premature  
complexes (VPCs).
The aberrant conduction depends on the relative refractory period of the components of the con- 
duction system distal to the AV node. The refractory period depends on the heart rate. The refractory  
period changes with the RR interval of the preceding cycle. A longer cycle lengthens the ensuing 
refractory period. If a shorter cycle follows a long RR interval, the beat ending the short cycle is likely  
to be conducted with aberrancy. A right bundle branch block pattern is more common than a left 
bundle branch block pattern because of the longer refractory period of the right bundle branch.

Ashman phenomenon
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AFib with VPCsAFib with aberrant conduction

QRS duration

QRS pattern*

Coupling interval

Compensatory pause

0.12–0.15 s 0.15–0.20 s

Varying degrees of RBBB.
rSR’ or rR’ in lead V1
Varying interval between the 
widened QRS and previous QRS

No

Bizarre monophasic or biphasic
complexes in lead V1
Generally fixed

Yes

Aberrancy vs. ventricular premature beats in atrial brillation

V1

EB 252

Ashman phenomenon

Ashman phenomenon

LBB
RBB

LBB
RBB

LBB
RBB

shorter RR longer RR

Unfortunately the rule of bigeminy interferes with the diagnosis. The rule states that a lengthened  
cycle tends to precipitate a ventricular premature beat. The diagnosis of aberrancy therefore relies  
heavily on QRS morphology.

Atrial fibrillation with irregular ventricular rate.On the left of the stated diagram the third beat (solid 
 arrow) terminates a relatively short RR interval but its intraventricular conduction remains normal. 
On the right of the diagram (stated above), the last beat ends an RR interval identical to the one  
terminated by the 3rd beat on the left. However, this last beat is conducted with a right bundle 
branch block pattern.

Atrial fibrillation with irregular ventricular rate. Wide complexes occur when a short cycle follows  
a longer one. There is a tiny r in the wide complexes so that the rsR’ complex is consistent with  
right bundle branch block. The 2nd wide QRS (top) and the last one (bottom) probably represent  
continuing aberrant conduction due to retrograde invasion of the right bundle branch, a process  
initiated by the preceding aberrant beat according to Ashman phenomenon.

The longer the preceding  
RR interval, the longer  
the refractory periods  
and the greater the chance 
for aberrant ventricular 
conduction

Criteria for the diagnosis of Ashman phenomenon
*  A relatively long cycle immediately preceding the short cycle which terminates with aberrant  

QRS complex: a short-long-short interval is even more likely to initiate aberration. Aberration can  
be LBBB and RBBB, and both patterns may be observed even in the same patient.

*  RBBB form aberrancy with normal orientation of the initial QRS vector: Concealed perpetuation  
of aberration is possible, such that a series of wide QRS supraventricular beats is possible.

* Irregular coupling of aberrant QRS complexes.
* Lack of a fully compensatory pause (never seen in atrial fibrillation).

* See section on ventricular tachycardia and broad complex tachycardia.
   AFib = atrial fibrillation; VPC = ventricular premature complex
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ABERRANT CONDUCTION 2

LBB
RBB

LBB
RBB

LBB
RBB

LBB
RBB

Normal sinus rhythm without atrial extrasystoles

Very early atrial extrasystole is blocked resulting in a
short pause.

P’

P’

P’

P’

P’

P’

Premature atrial extrasystole occurring slightly later and
causing aberrant conduction (rsR’ indication for RBBB)

A relatively late atrial extrasystole exhibits normal
intraventricular conduction.

Phase 3 Aberrancy
This is the most common mechanism for sustained aberrancy during supraventricular tachycardia.
Tachycardia-dependent aberration
Tachycardia-dependent (phase 3) BBB is abnormal and occurs at relatively slower rates than those  
associated with functional aberrancy. It is due to lesion in one of the bundle branches. The  
abnormal bundle branch has a prolonged refractory period that allows a critical cycle length to 
encroach on it. The critical rate at which BBB occurs may be relatively slow or fast as a result of 
exercise. Normal conduction returns at a slower rate. In some cases normalization of intra- 
ventricular conduction occurs at a RR interval significantly longer than the RR which initiated  
bundle branch block. This rate discrepancy is usually due to reset of the refractory periods from  
retrograde invasion of the blocked bundle branch coming from the unaffected bundle branch as  
discussed below.

Impact of unequal refractoriness of the right bundle branch (RBB) 
and left bundle branch (LBB) on the intraventricular 

conduction of atrial extrasystoles
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Phase 4

Action Potentials Widening of the QRS complex
after a pause from bradycardia-
dependent bundle branch block

1000 ms 900 ms 900 msV5
HR : 60 bpm HR : 67 bpm HR : 67 bpm

His

RBB LBB

Typical phase 3 aberrancy

LBBB appears when the heart rate (HR) > 60 bpm and the cycle length < 1000 ms

Bradycardia-dependent aberration

Retrograde invasion of bundle branch

Bradycardia-dependent BBB (phase 4 block) is rare and due to disease in the His-Purkinje system. 
Abnormal His-Purkinje cells may acquire the property of spontaneous phase 4 depolarization. 
During a long pause, the site of the diseased His-Purkinje abnormality continues to depolarize. As 
their membrane potential becomes more positive, the conduction velocity of subsequent 
impulses decreases and can even be blocked altogether.

This occurs in tachycardia-dependent block or aberrancy during supraventricular tachycardia. The  
sequence of QRS widening that is often observed with phase 3 aberration in the first premature  
beat of supraventricular tachycardia. Assuming the block occurs in the left bundle branch, it leaves  
the left bundle refractory for the next complex. This next beat is conducted by the right bundle and  
once it reaches the apex, it is conducted retrogradely by the left bundle branch. This can continue  
until a new premature ventricular complex causes a compensatory pause and “resets” the system  
and aberrancy disappears.
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CONCEALED CONDUCTION

Concealed conduction is inferred only because 
of its influence on the subsequent cardiac cycle! !!!!

A
AV
V

1 2

RR

PR PR

long RR

EB503
1160 ms 1180 ms 1180 ms

Blocked
P-wave

Concealed conduction commonly occurs when an interpolated ventricular premature impulse  
(VPC) enters the His-Purkinje system and atrioventricular (AV) node retrogradely but does not  
reach the atrium. Consequently the ensuing sinus impulse either does not conduct to the ventricle  
or conducts with a prolonged PR interval due to the increased AV nodal refractoriness initiated by  
retrograde conduction of the VPC. This effect on AV conduction of the next sinus impulse should  
not be misdiagnosed as AV block.

Ventricular premature beats

Concealed retrograde conduction of ventricular extrasystoles.
1 .  VPC produces partial refractoriness in AV junction and causes a prolonged PR interval 

of the succeeding sinus beat.
2.   VPC producing complete refractoriness in the AV junction so that the next sinus impulse 

is not conducted.

Concealed conduction is defined as the propagation of an impulse within the specialized con- 
duction system (AV node and His-Purkinje system), which cannot be recognized on surface ECG.  
This impulse travels only a limited distance within the conduction tissue with incomplete  
anterograde or retrograde penetration.The concealed impulse can interfere with the formation or  
conduction of a subsequent supraventricular or ventricualr impulse. It is recognized by its after-  
effect on the conduction or formation of the ensuing impulse.
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The irregular ventricular rate in atrial fibrillation is due to varying degrees of 
penetration of “blocked” atrial impulses into parts of the AV junction, and to the effect 
of such concealed conduction on the propagation of subsequent impulses.

time

A

AV

V

ECG
lead II

A
AV

A
AV
V

V

On the left ventricular
extrasystole; on the right
concealed junctional extra-
systole; both are associated 
with concealed retrograde 
atrial conduction and 1st 
degree AV block.

Pseudo AV block  induced by concealed AV junctional extrasystole. 

Atrial fibrillation and flutter
In atrial fibrillation the AV node is bombarded by impulses. Some impulses traverse the AV node  
and reach the specialized infranodal conduction system and then the ventricles. However, most  
atrial impulses penetrate the AV node for varying distances and then are extinguished when they 
encounter the refractoriness of an earlier wavefront. The irregularity of the ventricular rate 
associated with atrial fibrillation, therefore, indicates changes of refractoriness of the AV junctional  
tissues from cycle to cycle.

Another example can be seen in atrial flutter. As a result of the rapid atrial rate, some of the atrial  
activity fails to get through the AV node in an anterograde direction but can alter the rate at which a  
subsequent atrial impulse is conducted. In this circumstance, an alteration in the F wave to QRS 
relationship is seen.

Pseudo AV block is caused by concealed junctional or ventricular extrasystole. Such extrasystoles  
are not recorded on the surface ECG. Both the anterograde conduction and retrograde conduction  
are blocked and retrograde conduction may be rarely preserved. Concealed conduction of these  
extrasystoles affects the next beat. They may cause delay of AV conduction, the sudden ap- 
pearance of a long PR interval, and cause failure of conduction (AV block) with patterns resembling  
type I or type II and sometimes 2:1 AV block. Many patients with concealed extrasystoles have 
disease of the His-Purkinje system.

Concealed extrasystoles



340

II

V1
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Causes of ventricular fusion beats
* Ventricular tachycardia (VT).
* Accelerated idioventricular rhythm (slower than VT) which often starts and terminates 

with a ventricular fusion beat when its rate approximates that of the sinus rhythm.
* Ventricular parasystole also generates fusion beats.
* Late ventricular premature beats.
* Escape ventricular rhythm.
* Ventricular pacing.

VENTRICULAR FUSION

Fusion

Fusion

Fusion

Fusion may occur in the atria or ventricles but only ventricular fusion beats are clinically important.  
Ventricular fusion beats are often seen during sustained ventricular tachycardia (VT) when the  
rate is relatively slow. Fusion results from partial ventricular activation by a sinus beat during a  
ventricular rhythm. Therefore a fusion beat has a morphology that depends on the varying  
contribution from the 2 ventricular depolarizing wavefronts. If sinus rhythm contributes mostly to  
ventricular depolarization, the QRS will resemble the sinus beat. If the ventricular rhythm  
contributes mostly to ventricular depolarization, the QRS will resemble the pure ventricular beat.  
The QRS complex of ventricular fusion can be narrow or as wide as the ventricular rhythm but it  
cannot be longer than the QRS of the ventricular rhythm. In VT ventricular fusion beats may  
coexist with ventricular capture beats (inscribing a narrow QRS like the sinus beats) when a sinus  
beat travels in the conduction system at a critical time to permit complete ventricular depolarization  
by the sinus impulse.

During AV dissociation, a ventricular fusion beat means that an atrial impulse has been able to  
travel in the conduction system and suggests that complete AV block is not present.
The typical QRS complex seen in Wolff-Parkinson-White syndrome represents a fused beat with  
early activation occurring via the accessory pathway, and activation of the ventricle slightly later via  
the normal His-Purkinje conduction system. The end-result is a short PR interval and fused QRS  
complex.
Ventricular fusion beats are common during normal ventricular pacing and must be differentiated 
from pseudofusion beats (see section on cardiac pacing).

Idioventricular rhythm (60 bpm). The 4th ventricular complex is a fusion beat produced by the
ectopic ventricular rhythm and normally conducted ventricular activation initiated by a sinus beat.
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R on T  PHENOMENON
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In the healthy heart, AV junctional automaticity and idioventricular automaticity are not brought into  
play and instead are suppressed by the sinus node by virtue of its faster rate (overdrive sup- 
pression). A sudden cessation of sinus node activity or sudden AV block may be tolerated in the  
normal heart without significant bradycardia by the emergence of subsidiary pacemakers but in the  
diseased heart the same situation may result in prolonged and even fatal cardiac standstill. In the  
bradycardia-tachycardia form of sick sinus sydrome, an atrial tachyarrhythmia causes overdrive  
suppression of the diseased sinus node. After atrial arrhythmia termination, there is a variable delay  
before the dysfunctional sinus node (or AV junction) recovers and again generates an impulse. The  
period of overdrive suppression or asystole after a supraventricular tachycardia can often be  
correlated with the patient’s symptoms. The occurrence of asystole implies additional impaired  
function of the lower (nonsinus) pacemakers. In addition the drugs used to prevent atrial fibrillation  
or control its ventricular rate are often responsible for the symptomatic bradycardia that follows  
cessation of an atrial tachyarrhythmia in the sick sinus syndrome.

Sick sinus syndrome (SSS). Spontaneous termination of atrial fibrillation is followed by asystole of 4.2 s (over- 
drive suppression). The absence of AV junctional escape indicates that the AV junction is involved in the patho- 
physiology of the SSS. Sinus rhythm resumes for one beat followed by recurrence of atrial fibrillation.

Ventricular premature contractions (VPCs) rarely have the potential to induce ventricular fibrillation  
(VF). If they coincide with the so-called vulnerable period near the apex of the T wave of a preceding  
beat VF can be initiated. This is called the R on T phenomenon. A long time ago, it was believed that  
this phenomenon was dangerous and a precursor of VF. It has since lost a lot of its importance. The  
R on T phenomenon is important with the propensity of inducing VF in only 3 specific settings:  
(1) Acute myocardial ischemia as in myocardial infarction; (2) Severe hypokalemia; (3) In the  
presence of a long QT interval. In other situations the R on T VPCs behave like other VPCs. In these  
situations a pacemaker stimulus can also precipitate VF.
The vulnerable period is about 0.01 s long and lies just before the peak of the T wave. A shock to  
convert a tachycardia may cause VF if applied during the vulnerable phase in the situations listed  
above. For this reason, for elective cardioversion, the shock is delivered outside the vulnerable  
period. This is accomplished by synchronizing the shock to the R or S wave of the QRS complex  
where it is sufficiently removed from the T wave. During testing of an implantable cardioverter- 
defibrillator VF is deliberately induced by delivery of a shock into the vulnerable phase.

Induction of ventricular fibrillation by R on T phenomenon generated by a ventricular premature complex 
falling in the ventricular vulnerable period.
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ATRIOVENTRICULAR DISSOCIATION

1. AV dissociation is not an arrhythmia but is present in conjunction with 
other arrhythmias; it is a result of some mechanism that causes inde-
pendent  beating of atria and ventricles.

2. AV dissociation is not synonymous with 3rd degree AV block, although AV 
block is one of the causes of AV dissociation.

III

III

Atrioventricular (AV) dissociation describes a situation where there is loss of AV synchrony because  
the atria and ventricles function independently of each other. The atrial rate may be faster or slower  
than the ventricular rate. When the atrial rate is faster than the ventricular rate, complete heart block  
is present. Complete heart block is only one cause of AV dissociation. When the atrial rate is almost  
the same as the ventricular rate but the P wave does not conduct, the term “isorhythmic” AV  
dissociation is used (“iso” is the Greek root for “same” ). Atrial and ventricular activity occur close  
together during the physiologic refractory period of each other so that sinus beats do not reach the  
ventricle during complete AV dissociation. This represents functional AV block and not true AV block.  
AV dissociation can be complete or incomplete. When incomplete, some of the P waves conduct and  
capture the ventricles and the rhythm is called interference AV dissociation. AV dissociation is a mis- 
understood and often misused term. AV dissociation simply means that the atria and the ventricles  
are under the control of separate natural pacemakers. It is not an arrhythmia; it is a symptom of an  
arrhythmia, just as anemia is not a disease but a symptom of a disease.

Barring complete AV block, AV dissociation can result from (1) slowing of the dominant pacemaker  
(sinus node). A subsidiary escape pacemaker takes over by default (junctional or ventricular  
escape). Cells in the AV junction and some in the ventricles possess automaticity, but at rates slower  
than the sinus rate. These slower pacemakers are normally supressed by the faster sinus node.  
However, if the sinus node slows enough, a junctional or ventricular escape rhythm can emerge  
resulting in AV dissociation. (2) usurpation by acceleration of a normally slower (subsidiary)  
pacemaker, such as a junctional site or a ventricular site to a rate faster than sinus rhythm: takeover  
by usurpation. This rhythm is not associated with retrograde ventricular conduction.

Sinus rhythm with AV dissociation from an accelerated idioventricular rhythm.
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Only an ignoramus states that the de�nition of 
complete AV block is AV dissociation.

SUMMARY
Categories: - Complete AV dissociation (complete AV block if A > V)
                     - Incomplete AV dissociation (intermittent capture of the ventricles)
                     - Isorhythmic AV dissociation (functional AV block with A = V)

 : - AV blockCauses
                - Slowing of dominant pacemaker (i.e. sinus node)
                - Usurpation: acceleration of subsidiary pacemaker 
                     (junctional or ventricular -- no retrograde conduction)

A

AV

V

( )
Ventricular tachycardia and atrioventricular dissociation.
In the setting of a wide QRS tachycardia, AV dissociation is diagnostic of ventricular tachycardia.

Accelerated junctional rhythm with AV dissociation by usurpation. The ventricular rhythm 
is faster than the atrial rate.



344
ELECTROPHYSIOLOGIC CONCEPTS 6

CARDIAC MEMORY

The heart remembers

Cardiac memory can mimic ischemia
or pericarditis. Knowledge of this 

phenomenon can help prevent 
unnecessary investigations. 

Electrotonic modulation of the T wave and its direction are based on 
the direction of the vector of the previous QRS complex during 
abnormal ventricular activation. In other words, the heart “learns” 
the pattern of ventricular depolarization during abnormal ventricular 
activation. Then, it retains this pattern after ventricular activation 
returns to normal.

Cardiac memory (CM) refers to a process where the ECG does not immediately change back to  
baseline rhythm after a period of arrhythmia or pacing. Abnormal depolarization causes altered  
repolarization. CM refers to T wave abnormalities that manifest on resumption of a normal ven- 
tricular activation pattern after a period of abnormal ventricular activation, such as ventricular  
pacing , transient left bundle branch block, ventricular arrhythmias, or Wolff-Parkinson-White syn- 
drome after ablation of an accessory pathway. Pacing-induced T wave inversion is usually lo- 
calized to precordial and inferior leads. The direction of the T wave of the CM effect in sinus rhythm  
is typically in the same direction as the QRS complex during the altered depolarization. In other  
words, the T wave tracks the QRS vector of the abnormal impulse. CM may occur even after 1  
minute of right ventricular (RV) pacing in man, with T wave abnormalities visible after 20 minutes.  
The marked repolarization abnormalities reach a steady state in a week with RV endocardial  
pacing at physiologic rates. The repolarization abnormalities related to CM persist when normal  
depolarization is restored, and they resolve completely in a month. The changes and their duration  
are proportional to the amount of delivered ventricular pacing. CM has a complex biochemical  
basis. The CM effect does not seem to alter long-term ventricular function.

The T wave changes that occur during cardiac memory can resemble the changes that occur with  
cardiac ischemia or after myocardial infarction. The combination of (1) positive T waves in aVL (2)  
positive or isoelectric T waves in lead I, and (3) maximal precordial T wave inversion larger than the  
T wave inversion in lead III seems 92% sensitive and 100% specific for CM, discriminating it from  
ischemic precordial T wave inversion regardless of the coronary artery involved.
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Cardiac memory effect secondary to ventricular pacing recorded in the ECG of a patient with complete heart  
block from a lesion in the His bundle (confirmed by His bundle recordings). Top: The tracing is normal except  
for the rhythm. Bottom: Chest wall stimulation (CWS) was performed to inhibit a VVI pacemaker implanted  
several months previously. There was no evidence of heart disease apart from AV block. Note the striking T  
wave inversions in leads II, III, aVF and V3 to V6. Inhibition of a pacemaker by CWS is now obsolete because  
of extensive device programmability. In this case CWS was delivered to external electrodes on the chest  
(rate 75 ppm) whereupon the stimuli were sensed by the implanted pacemaker. The chest wall stimuli produce  
vertical deflections not followed by ventricular capture.
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PARASYSTOLE

fusion

2 x 1.134 s

2 x 1.134 s 2 x 1.134 s 3 x 1.134 s
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0.80 s 0.80 s 0.80 s 0.80 s

The presence of ventricular fusion beats should immediately raise
the suspicion of parasystole.

Parasystole may occur anywhere in the heart in tissues that have electric properties and is most  
commonly manifested as a ventricular rhythm. Parasystole is a protected focus where other  
impulses, including sinus-related beats, cannot penetrate the focus to depolarize it (entrance  
block). Parasystole resembles pacing with a VOO pacemaker that captures the heart only outside  
the ventricular myocardial refractory period. Similarly in the transplanted heart the presence of  
atrial rhythms from both recipient and donor heart represents a form of parasystole.  
Parasystole is characterized by a regular interectopic rate and a variable interval of the para- 
systolic beat to the basic rhythm.
Ventricular parasystole usually has a rate of 45–55 bpm which is close to the inherent rate of ven- 
tricular rhythms and rarely up to 140 bpm. Short episodes are often mistaken as VPCs with varying  
coupling intervals. Diagnostic criteria of ventricular parasystole (entrance block and exit block) 
include:

The intermittent failure of the parasystolic rhythm to become manifest is called exit block and is  
related to the presence of the myocardial ventricular refractory period initiated by the normal  
underlying rhythm. It is now clear that parasystolic foci may not be fully protected and may be  
modulated to some extent by the patient’s normal rhythm which may be a critically timed sinus beat.  
Parasystole generally occurs in patients with heart disease but it may occasionally occur in normal  
individuals.

Sinus rhythm (PP intervals = 0.8 s ; atrial rate = 75 bpm) with ventricular premature complexes  
showing the features of ventricular parasystole. Note the varying coupling intervals, ventricular,  
fusion and the common denominator of the interectopic intervals (common denominator = 1.134 s ;  
parasystolic rhythm = 53 bpm)

1 . Varying coupling interval from sinus to VPC.
2 . Interectopic intervals are either constant or have a common denominator.
3 . Ventricular fusion beats.
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Characteristics of Ventricular Parasystole
1. The coupling intervals vary markedly.
2. Fusion complexes may be present.
3. Interectopic intervals are mathematically related 
    (multiples of a common denominator).
4. It is an interesting phenomenon with no specific clinical 
    consequences.

EB512

The presence of atrial rhythms of both recipient and donor is also a
 form of parasystole.

Atrial parasystole in the transplanted heart. In patients with a transplanted heart, the  
recipient atrial rhythm (blue dotted vertical lines) behaves like a parasystolic focus because  
of complete entrance block from the donor atrium to the recipient’s atrium.Sinus rhythm from  
the donor heart (and not the recipient’s atrial rhythm) controls the rhythm (green dotted lines).  
Therefore there are two types of P waves (donor and recipient) occurring independently of  
each other. There is also complete exit block from the recipient atrium to the donor atrium.
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ELECTRICAL ALTERNANS
Electrical alternans is a broad term that describes alternate-beat variation in the direction,  
amplitude, and duration of any component of the ECG waveform (i.e. P, PR, QRS, ST, U, QT).  
Electrical alternans must be distinguished from mechanical alternans (e.g. pulsus alternans),  
although both may coexist. The definition should include the presence of only one focus and  
regular RR intervals. This requirement rules out situations such as 2:1 bundle branch block or  
WPW syndrome.

The pathophysiologic mechanisms that cause electrical alternans can be divided into 3 categories:  
(1) repolarization alternans (S, T, U alternans), (2) conduction and refractoriness alternans (P, PR,  
QRS alternans) and (3) alternans due to cardiac motion. True electrical alternans is a repo- 
larization or conduction abnormality of the Purkinje fibers or myocardium. Electrical alternans due  
to cardiac motion in pericardial effusion is effectively an artifact, as the heart swings in relation to  
the chest wall and electrodes, with a period twice that of the heart rate.

Repolarization alternans can be divided into T wave alternans and ST segment alternans. 

T wave alternans is associated with rapid changes in heart rate or prolongation of the underlying  
QT interval. A long QT interval is associated with polymorphic ventricular tachycardia (i.e. torsades  
de pointes). T wave alternans has been reported with congenital long QT syndrome, electrolyte im- 
balances (e.g. hypocalcemia, hypokalemia, hypomagnesemia), treatment with amiodarone,  
cardiomyopathy and congestive heart failure. The presence of T wave alternans can be used as a  
predictor of ventricular tachyarrhythmic events, such as sudden cardiac death, sustained ventri- 
cular tachycardia, torsades de pointes, ventricular fibrillation, implantable cardioverter defibrillator  
activation for ventricular tachyarrhythmia, and cardiac arrest.

U wave alternans is very uncommon and is associated with electrolyte disorders.

ST segment alternans describes alternating levels of ST elevation, usually in the presence of  
myocardial ischemia. It has been reported with angina pectoris (including coronary spasm), and  
acute myocardial infarction. ST alternans during acute ischemia has been associated with the  
appearance of ventricular arrhythmias, including ventricular tachycardia and ventricular fibrillation.

Conduction QRS alternans is an alternation of impulse propagation along any of the anato- 
mic structures involved in transmission of electrical impulses and is usually precipitated by  
changes in heart rate or input from nervous, humoral, or pharmacologic components. Conduction  
alternans may also be seen in the setting of myocardial ischemia.

Alternans of the surface QRS complex (defined as > 0.1 mV) in supraventricular tachycardia is  
not uncommon. It has a similar incidence in ventricular tachycardia (27–30%), best seen in leads V2  
and V3. Alternans is rate-related and independent of the tachycardia mechanism. Subtle changes  
in QRS duration and amplitude in SVT with normal QRS duration occur mostly in AV reentrant  
tachycardia with retrograde conduction via an accessory pathway. The alternans may be due to  
changes in refractoriness in the peripheral His-Purkinje system or myocardium.

The most important cause is massive pericardial effusion, in which the alternating QRS  
voltage is produced by the mechanical swinging of the heart to-and-fro backwards and forwards  
within a large fluid-filled pericardium. Electrical alternans occurs because of alternation in the  
position of the heart in relation to recording electrodes. The combination of electrical alternans  
with sinus tachycardia and low voltage is a highly specific sign of cardiac tamponade, but is only  
modestly sensitive. As a result, its absence does not exclude pericardial tamponade. Not all  
pericardial effusions cause electrical alternans. The presence of total electrical alternans (P, QRS  
and T wave) is uncommon but considered diagnostic of pericardial effusion.
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QRS alternans in a patient with AV reentrant tachycardia utilizing a concealed left posterior  
bypass tract.

Atrial tachycardia at a rate of 160 bpm. The P waves are not discernible. Alternating atrial  
cycle length was documented at the time of an electrophysiologic study. The variation of  
the atrial cycle lengths does not explain the obvious QRS cycle alternans. There is additional  
QRS alternans and T wave alternans. The T wave alternans probably reflects the varying  
repolarization response to the marked QRS variations.

T wave alternans in a
patient with congenital
long QT syndrome.
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ANTIARRHYTHMIC DRUGS 1

The action potential

time0 mV

4 4

0

1
2

3

Class 1A agents

Class 1B agents

time0 mV

maxClass 1A agents decrease V    
(maximum upstroke velocity) and
 increase action potential duration

time0 mV

Representation of a myocardial
action potential with its 4 phases

Effect of IB agent on the action 
potential

Class I : Sodium channel blockers

As already discussed in chapter 1, the transmembrane po- 
tential of myocardial cells is determined by the concen- 
tration of Na, K and Ca ions. The movement of these ions  
produces the current that forms the action potential.
The rapid depolarization called phase 0 is mediated by  
rapid sodium entry into cells. Phase 1 marks the inacti- 
vation of the fast sodium channels and the outflow of potas- 
sium. Phase 2 corresponds to the plateau phase that  
depends on the balance between slow calcium entry and  
potassium exit. Phase 3 is the final repolarization due to  
potassium efflux from the cells. Phase 4 occurs in some  
cells if potassium re-enters and sodium exits (e.g. by the  
Na-K pump).

The Vaughan-Williams classification of antiarrhythmic drugs was first proposed in the 1960s and  
remains in clinical use despite its limitations. Amiodarone classified as a class III agent also has  
sodium (class I) and calcium (class IV) blocking actions as well as class II effects. Consequently  
amiodarone has class I, II, III, and IV actions.

The class I antiarrhythmic agents interfere with the Na+ channel and reduce the rate of rise of phase  
0 of the action potential, thereby decreasing conduction. Class I agents are grouped by what effect  
they have on the Na+ channel, and the effect they have on the cardiac action potential.
Type I is divided into three classes (A, B, and C) with slightly different mechanisms of activity.

Class IA agents are active in the atria and ventricles and  
are the most cardiotoxic group. Class IA agents mode- 
rately slow the conduction and moderately prolong the  
duration of the action potential (which in turn increases  
refractoriness).
Class IA agents block the fast sodium channels. Blocking  
these channels depresses the phase 0 depolarization  
thereby reducing Vmax (maximum upstroke velocity).  
This prolongs the action potential duration by slowing  
conduction.
Agents in this class also increase refractoriness. These  
agents also exhibit type III properties with prolongation of  
the action potential and the QT interval.
Examples: quinidine, procainamide, disopyramide.

Class IB agents show minimal effect on the conduction  
and shorten the duration of the action potential. These  
agents have little or no effect at slower heart rates but  
have more effect at faster rates. These agents either do  
not change the action potential duration or they may  
decrease the action potential duration and reduce  
refractoriness. They decrease Vmax in partially  
depolarized cells with fast response. They show the  
lowest potency of the type I groups.

Vaughan-Williams Classification of Antiarrhythmic Drugs



353Class 1C agents

time
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Effect of class III agent on the 
action potential

Effect of IC agent on the action 
potential. Note the marked depres-
sion of phase 0.

Class III agents

Class II: Beta blockers

Class IV: Calcium channel blockers

Class 1C agents markedly depress the phase 0 depo- 
larization (decreasing Vmax) resulting in markedly  
slowed conduction. They are the most potent of the 3  
groups.
The QRS complex is prolonged but the QT interval  
remains normal.
Examples: flecainide, encainide, propafenone and  
moricizine.

These agents predominantly block the potassium chan- 
nels, thereby prolonging repolarization and therefore the  
action potential. Since these agents do not affect the  
sodium channels, conduction velocity is not decreased.  
The QRS complex is not affected. The prolongation of the  
action potential duration and refractoriness combined  
with the maintenance of normal conduction velocity  
prevent reentrant arrhythmias (the reentrant impulses  
are less likely to interact with tissue that has become  
refractory).
Examples: amiodarone, sotalol, dofetilide, ibutilide.

These agents affect the sinoatrial (SA) and atrioventricular (AV) nodes as well as the ventricular  
myocardium. These agents act indirectly on the electrophysiologic substrate by blocking ad- 
renergic receptors. There is virtually no proarrhythmic effect.
* Slowing of AV conduction and PR prolongation
* Increase in AV nodal refractoriness
* Slowing of the SA node
* Depression of left ventricular function
* Reduction of adrenergic activity and blunting of sympathetic stimulation

These agents block the calcium current. They slow the conduction in areas of the heart that are  
primarily depolarized by calcium channels (SA and AV nodes). There is virtually no proarrhythmic  
effect. Dihydropyridines such as nifedipine have little or no effect on the SA and AV nodes.
Examples: verapamil, diltiazem.

The Vaughan-Williams classification has severe limitations but it remains popular even with the  
introduction of many more antiarrhythmic drugs since 1970 and still incomplete understanding of  
drug mechanisms. The classification system breaks down especially for the class I and III drugs.  
Many of these drugs have mechanisms of action that are shared with drugs found in the other  
classes. For example, amiodarone, a class III antiarrhythmic drug, also has sodium and calcium  
blocking actions. Many class I compounds also affect potassium channels.

All antiarrhythmic drugs directly or indirectly alter the movement of ions through the membrane of  
cells, consequently altering the physical characteriscs of cardiac action potentials. For example,  
some drugs are used to block fast sodium channels which determine the speed of membrane  
depolarization (phase 0) during an action potential. Since conduction velocity is related to how fast  
the membrane depolarizes, sodium channel blockers reduce conduction velocity. Decreasing  
conduction velocity can abolish tachyarrhythmias caused by reentry circuits.
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Other types of antiarrhythmic drugs affect potassium channels and therefore the duration of action  
potentials (phase 3) and especially the effective refractory period are increased. By prolonging the  
effective refractory period, reentry tachycardias can also be abolished. Drugs that block slow  
inward calcium channels are used to reduce pacemaker firing rate by slowing the rate of rise of  
depolarizing pacemaker potentials (phase 4). These drugs also reduce conduction velocity at the  
AV node, because the cells depend on the inward movement of calcium ions to depolarize.

Sinus bradycardia at 44 bpm; prolonged QT interval and prominent U wave  
due to amiodarone

ANTIARRHYTHMIC DRUGS 2

T U



355Proarrhythmia

Prolongation of the QT interval and torsades de pointes

Proarrhythmia is the exacerbation or aggravation of the arrhythmia being treated with anti- 
arrhythmic drugs. In other words it is the worsening or change of a preexisting arrhythmia or the  
development of a new arrhythmia or the occurrence of a bradyarrhythmia resulting from a drug- 
induced depression of sinus node function or atrioventricular nodal conduction. Whether the  
aggravation, change or induction of an arrhythmia is due to the direct effect of an antiarrhythmic  
agent may be difficult to determine. The change in the characteristics of an arrhythmia may be  
related to the natural history of the pathophysiologic substrate or to random variability. Pro arrhythmia 
is also probable if a major change of the arrhythmia occurs relatively soon after initiation of  
drug therapy or a change in dose. However, “late” proarrhythmia may occur !

Atrial arrhythmias are not spared but atrial proarrhythmias are not as common or important as the  
above ventricular types. It may occur during the administration of antiarrhythmic drugs in atrial  
fibrillation (which drug therapy may convert to atrial flutter) or atrial flutter without the use of  
concomitant AV nodal blocking drugs. Proarrhythmia occurs because the rate of atrial flutter (for  
example slowing to 200 bpm) permits 1:1 AV conduction to the ventricles at a faster rate than the  
original ventricular rate of the arrhythmia being treated (atrial fibrillation or flutter with 2:1 AV block).

Proarrhythmia may be provoked by increased heart rate.
Exercise stress test after loading is needed.
Proarrhythmia can occur a long time after initiation of therapy.

Prominent U waves should be included in the measurement if they merge into the T wave. QT  
should be assessed during peak plasma concentration of QT prolonging substances.

During the initiation of therapy, monitor the patient for several days. Assess the change in QT  
interval, the presence of bradycardia and follow the K level closely.
Proarrhythmias due to drug-induced QT prolongation are the second most common cause for drug  
withdrawal. The prolongation of repolarization and the QT interval are rate-related, being more  
pronounced at slower heart rates and decreasing at faster heart rates. This is known as “reverse  
use-dependent” effects on repolarization. TdP is relatively rare with amiodarone, despite long QT  
prolongation in contrast to other class III drugs.

* Class IA drugs
Dose independent, occurring at normal levels.
Follow QT interval.

* Class III drugs
The occurrence of torsades de pointes (TdP) may be dose-related with selective class III
drugs such as sotalol and dofetilide.

* Torsades de pointes (type IA and type III drugs).
*  Sustained monomorphic ventricular tachycardia (usually type IC drugs), incessant ventricular  

tachycardia (VT) or increase in the rate of VT being treated.
*  Sustained polymorphic ventricular tachycardia or ventricular fibrillation without long QT (types  

IA, IC, and III drugs).

* Sinus node dysfunction, atrioventricular block (almost all drugs).
* Accelerated conduction over accessory pathway (digoxin, intravenous verapamil, diltiazem).
* Acceleration of ventricular rate during atrial fibrillation (type IA and type IC drugs).

Ventricular proarrhythmia

Abnormalities of conduction or impulse formation

Atrial proarrhythmia

Class IC drugs
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OVERVIEW OF ANTIARRHYTHMIC DRUGS

VW Class Site of 
action

End-organ
toxicity

Level of
efficiency

Proarrhythmia
potential
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VW = Vaughan-Williams ; A = atrium ; V = ventricle ; AVN = AV node ; Amio = amiodarone

Increased risk of proarrhythmia manifested by torsades des pointes
(Reduced repolarization reserve).

* Presence of structural (advanced) heart disease with left ventricular systolic dysfunction
* Left ventricular hypertrophy
* Cardiac ischemia
* Bradyarrhythmias
* Hypokalemia
* Severe hypomagnesemia
* Recent conversion from atrial fibrillation especially with QT prolonging drugs
* Increased age
* Female gender
* Concomitant administration of drugs that prolong the QT interval
* Baseline QT prolongation

The QT interval is an imperfect marker for proarrhythmia risk. It is not clear whether the  
development of arrhythmias is more closely related to an increase in the absolute QT interval or in  
the corrected interval QTc, but most drugs that have caused torsades de pointes (TdP) clearly  
increase both the absolute QT interval and the corrected QTc interval. An absolute uncorrected QT  
interval > 500 ms is generally regarded as conferring an increased risk of proarrhythmia with TdP. In  
practice it is probably wise to monitor both the QT and the QTc intervals. An increase of 30 ms is a  
potential cause for concern. An increase of 60 ms is a definite cause for concern! Proarrhythmia  
usually occurs early in the course of therapy (first week). TdP with class IA drugs may occur with  
therapeutic or subtherapeutic doses. Amiodarone is the exception because the QT interval  
routinely prolongs to > 500 ms, yet it is a rare cause of TdP. The risk of TdP with amiodarone  
predominantly occurs in patients with other concomitant risk factors, such as hypokalemia or  
bradycardia. Amiodarone rarely causes TdP even in patients who developed TdP as a complication  
of other QT prolonging drugs.
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DIGITALIS TOXICITY

EB327

lead II

Cardiac glycoside toxicity continues to be a problem because of the wide availability of digoxin (a  
preparation of digitalis) and a narrow therapeutic window. Digitalis is a plant-derived glycoside  
commonly used in the treatment of systolic heart failure, atrial fibrillation, and reentrant supra- 
ventricular tachycardia. Digitalis toxicity should be suspected when there is evidence of increased  
automaticity and depressed conduction.
In addition to these effects, the direct effect of digitalis on repolarization often is reflected in the ECG  
by ST segment and T wave forces opposite in direction to the major QRS forces. Decrease in T  
wave amplitude, shortening of the QT interval and increase in U wave amplitude may occur.  
Digitalis toxicity is exacerbated by hypokalemia, hypomagnesemia, hypercalcemia, renal insuf- 
ficiency and hypoxia. Certain drugs such as amiodarone and verapamil (and some antibiotics) may  
precipitate digitalis toxicity by increasing the serum digoxin level.
Depression of normal conduction: the atrial pacemakers, resulting in SA arrest, sinus brady- 
cardia, type I second-degree AV block, high grade AV nodal block are commonly seen.
Ectopic rhythms: frequent and multiform premature ventricular contractions, accelerated junc- 
tional rhythm, nonparoxysmal junctional tachycardia, nonparoxysmal atrial tachycardia with AV  
block, fascicular ventricular tachycardia, bidirectional ventricular tachycardia are due to enhanced  
automaticity, reentry, or both. Bidirectional ventricular tachycardia is particularly characteristic of  
severe digitalis toxicity. Atrial fibrillation with a regular rhythm should be considered to be digitalis  
toxicity until proven otherwise. The causes of a regular rhythm in atrial fibrillation with digitalis  
toxicity include: complete AV nodal block with junctional tachycardia (70–140 bpm) or fascicular  
ventricular tachycardia. A typical rhythm in digitalis toxicity is junctional rhythm which exhibits group  
beating from a Wenckebach form of exit block.

Paroxysmal atrial tachycardia 2:1 due to digitalis intoxication.
The rhythm strip shows T waves with unusual sharp peaks which represent the deformity
produced by the “hidden” P waves inside the T wave.

Bidirectional VT in a patient  
with manifest digitalis toxicity
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PACEMAKERS AND THEIR ECGs 1

The pacing lead functions as a “two-way street” for the transmission
of electricity to the heart for pacing and in the other direction from the

heart to the pacemaker by sensing of spontaneous electric activity.

Heart Rate in ppm =
Interval in ms

60,000

There are 2 types of pacemaker leads: bipolar with the 2 electrodes both embedded inside the  
heart and unipolar leads with only one electrode inside the heart and the other electrode on the  
pacemaker can. New lead technology and design have eliminated the previous advantage of  
unipolar leads. In practice, the long-term performance of unipolar and bipolar systems is similar  
but their sensing function is different.

The lithium-iodine battery is the gold standard of pacemaker power sources. Battery depletion  
requiring pacemaker replacement can be determined quite simply by measuring the pacemaker  
rate on an ECG because slowing of the rate occurs with battery depletion. However, a more  
accurate method involves a direct electronic measurement of battery voltage. 

Contemporary digital ECG recorders distort the pacemaker stimulus on the ECG, so it may be- 
come larger and show striking changes in amplitude and polarity. Digital recorders can also miss  
some of the pacemaker stimuli because of sampling characteristics. Diagnostic evaluation of the  
pacemaker stimulus is only possible with analog machines which are now rarely in use.

The pacemaker itself, design engineers, and most health care workers all “think” in terms of  
intervals rather than rate. Rate is a relatively simple designation during continuous pacing or  
continuous inhibition but is of little value and confusing if pacing and sensing alternate. Yet, for  
ease of programming, manufacturers have expressed parameters in terms of rate (i.e. in pulses  
per minute - ppm) rather than interval (in milliseconds - ms).

A four-letter code describes the basic function of the various pacing systems. The first position  
represents the chamber or chambers where stimulation occurs. “A” refers to the atrium, “V” to the  
ventricle and “D” stands for dual chamber (both atrium and ventricle). The second position stands  
for the chamber or chambers where sensing occurs: “A”, “V”, and “D” are the same as those for the  
first position, while “O” means no sensing. The third position refers to the response of the pace- 
maker to a sensed event. “I” indicates that the sensed event inhibits the output pulse of the  
pacemaker; the pacemaker then restarts the timer controlling the lower rate interval. “T” indicates  
that the sensed event triggers an output pulse. The triggered stimulus may or may not be delayed.  
In a dual chamber pacemaker a sensed atrial event inhibits the atrial stimulus but may trigger a  
ventricular stimulus after a delay (akin to an electronic PR interval) to provide AV synchrony. “D”  
denotes both I and T functions in the third position. If the second position is “O”, the third position  
must also be “O”. The fourth position of the code indicates with the letter “R” the presence of a non- 
atrial sensor to control the pacing rate independently of intrinsic atrial activity.

A pacemaker rate of 70 ppm gives an interval of 857 ms.

Introduction

Rate or interval?

Pacing nomenclature
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VOO

VVI
sp

VOO pacing behaves like parasystole

A VVI pacemaker senses the intracardiac ventricular electrogram

Fig. 1 Failure of ventricular capture by ventricular pacemaker.

VOO pacing

VVI pacing

A VOO pacemaker generates stimuli with no relationship to the spontaneous rhythm. The VOO  
mode is often labeled “fixed-rate” or “asynchronous”, and functions like a parasystolic focus. The  
competitive stimuli will capture the ventricle only when they fall outside the absolute refractory  
period of the ventricle that follows spontaneous beats (Fig. 1). The VOO mode is now only used for  
testing purposes by applying a magnet over the pacemaker. Ventricular fibrillation induced by a  
competitive pacemaker stimulus falling in the ventricular vulnerable period (the R on T pheno- 
menon) is quite rare outside of circumstances such as myocardial ischemia or infarction, elec- 
trolyte abnormalities or autonomic imbalance.

Top panel: VOO pacing with functional noncapture. The pacemaker competes with the spon- 
taneous rhythm. Pacemaker stimuli capture the ventricle only beyond the ventricular myocardial  
refractory period. This response is physiologic. The arrows point to the pacemaker stimuli.
Bottom panel: VVI pacing showing supernormal phase of excitability (sp). The stimuli from the VVI  
pacemaker are ineffectual beyond the ventricular myocardial period. The high pacing threshold  
was close to the output of the pacemaker. The third last stimulus captures the ventricle in the super- 
normal phase when the pacing threshold is at its lowest level in the cardiac cycle. The pacemaker  
senses the QRS complex only when it falls beyond the sensing refractory period of the pacemaker  
(350 ms) initiated by a ventricular stimulus (stars). QRS complexes within the 350 ms sensing  
refractory period are not sensed, and therefore do not initiate a new lower rate interval (blue  
arrows).

A VVI pacemaker senses the intracardiac ventricular depolarization or electrogram by measuring  
the potential difference (voltage) between the two electrodes used for pacing. A VVI pacemaker  
has a lower rate timing cycle that begins with a sensed or paced event.
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When a patient with a pacemaker presents with an ECG showing no pacemaker 
stimuli, the pacing function should be tested by the application of a special 
magnet, which eliminates sensing and converts any pacemaker to the fixed-
rate or asynchronous mode (VVI to VOO or DDD to DOO). One should refrain 
from producing bradycardia by performing carotid sinus massage to challenge 
the pacemaker.
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In a VVI device a sensed ventricular event inhibits the pacemaker and resets the timing clock so  
that the lower rate interval returns to baseline. A new pacing cycle is reinitiated and if the device  
senses no ventricular event, the timing cycle ends with the release of a ventricular stimulus  
according to the lower rate interval. The sensing function prevents competition between  
pacemaker and intrinsic rhythm. During continuous VVI pacing the atrium may exhibit sinus rhythm  
with AV dissociation, an atrial tachyarrhythmia or retrograde ventriculoatrial (VA) conduction. The  
latter may be regular on a 1:1 basis or irregular (such as 2:1 etc). (Fig. 2)

The stimulus-to-stimulus interval is called the automatic interval and is usually equal to the  
escape interval which is measured electronically from the time of intracardiac sensing to the  
succeeding stimulus. In practice, the (ventricular) escape interval is measured from the onset of  
the sensed QRS complex in the surface ECG. The escape interval measured in this way must  
necessarily be longer than the electronic escape interval because intracardiac sensing takes place  
a finite time after the onset of the surface QRS complex depending on the temporal relationship of  
the intracardiac electrogram and the surface ECG. In hysteresis the electronic escape interval is

Fig. 2  Diagrammatic representation of the VVI mode of pacing (rate = 80 ppm). The QRS  
marked 1 is sensed by the pacemaker. Beats 2 and 3 are paced complexes. A ventricular  
extrasystole (4) and a normal QRS (5) are then sensed. The sixth and seventh beats are paced.  
The pacemaker refractory period (300 ms) is shown by a rectangle. Complexes 4 and 5 reset and  
restart the lower rate counter before zero level has been reached (shown by the straight line at the  
bottom), i.e. before completion of the ventricular escape interval of the device (equal to the auto- 
matic interval). The pacemaker emits its stimulus only from zero level of the lower rate counter.

Interval terminology of a VVI pacemaker
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longer than the automatic interval. Its purpose is to maintain sinus rhythm and AV synchrony for as  
long as possible at a spontaneous rate lower (e.g. 50 bpm - the hysteresis rate at which the  
pacemaker will be inhibited) than the automatic rate of the pacemaker (e.g. 70 bpm) (Fig. 3).

A VVI pacemaker senses the intracardiac ventricular  
electrogram which is the potential difference between  
the 2 electrodes used for pacing. The electrogram must  
exceed the ventricular sensitivity of the pacemaker for  
reliable sensing. A unipolar pacemaker senses the  
potential difference (or voltage) of a single intracardiac  
electrode (negative pole) and the pacemaker can which  
provides the positive pole. The sensitivity is program- 
med according the amplitude of the atrial or ventricular  
electrograms transmitted by telemetry to an external  
device. The ventricular signal often measures 6–15 mV,  
a range that exceeds the commonly programmed  
ventricular sensitivity of 2–3 mV (the higher the  
numerical value of sensitivity, the less sensitive the  
pacemaker becomes; Fig. 4).The intracardiac atrial  
signal is smaller and shoud ideally exceed 2 mV.  
Oversensing of extraneous activity requires a decrease  
in sensitivity (increase in the numerical value).  
Application of a magnet over the pacemaker eliminates  
sensing.

Fig. 3 In a VVI pacemaker after a sensed ventricular event, the pacemaker only delivers a stimulus  
to the ventricle at the end of the escape interval. A spontaneous QRS complex beyond the  
automatic interval but before termination of the escape interval will be detected and inhibit the  
stimulus. Hysteresis allows the intrinsic rate to be lower than the basic pacing rate, but if pacing  
occurs it will happen at that basic pacing rate.

Fig. 4  Ventricular sensitivity of a VVI pacemaker
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AAI pacing
An AAI pacemaker is identical to the VVI mode except that it paces and senses in the atrium. It  
requires a higher sensitivity because the amplitude of the atrial electrogram is smaller than the  
ventricular one. An AAI pacemaker may be considered in patients with sick sinus syndrome and  
normal AV conduction. The subsequent development of AV block in carefully selected patients is  
less than 1–2% per year. The advantages of AAI pacing are related to the preservation of normal  
ventricular depolarization and cost-effectiveness. AAI pacing is used in Europe but rarely in the  
US.

Fig. 5  Manifestations of the VVI and VVT modes of pacing.
Top panel: VVI pacing at 55 ppm. The first three beats are sensed by the pacemaker (S) and the  
fourth (star) is a ventricular pseudofusion beat. The fifth, sixth and seventh beats are ventricular  
fusion beats (F).
Middle panel: VVI pacing at a rate of 60 ppm. The first three beats are pseudofusion beats (stars).  
The fourth beat (star) appears to be a pseudofusion beat because the initial QRS vector occurs just  
before delivery of the stimulus. Note that the fourth beat has a T wave identical to that of previous  
beats, suggesting that unchanged repolarization indicates unchanged spontaneous depola- 
rization as in the preceding pseudofusion beats. The fifth and the sixth beats are fusion beats (F)  
and the last three beats are pure ventricular paced beats.
Bottom panel: Same patient as the above panels. The pacemaker was programmed to the VVT  
(triggered) mode at a rate of 30 ppm. The pacemaker now emits (triggers) a stimulus immediately  
upon sensing each QRS complex. Thus, a stimulus marks the precise time of sensing in the VVT  
mode. This may be correlated with the stimulus in the pseudofusion beats in the middle panel  
where these beats are deformed by a stimulus just before the R wave begins to return to the  
baseline, i.e., just before sensing would have occurred as determined from the timing of the  
stimulus in the VVT mode.



365Ventricular fusion

Ventricular pseudofusion

DDD pacing

Fusion beats occur when the ventricles are depolarized simultaneously by spontaneous and  
pacemaker-induced activity. Thus, fusion occurs within the heart itself. A ventricular fusion beat can  
exhibit various configurations depending on the relative contributions of the 2 foci involved in  
ventricular activation. A ventricular fusion beat is often more narrow than a pure ventricular paced  
beat but obviously, it cannot be longer than a pure ventricular paced beat. Occasionally a fusion  
beat generates an isoelectric QRS complex in a single lead, hence the importance of recording  
more than one lead and preferably a 12-lead ECG for pacemaker evaluation (Fig. 5).

A ventricular pseudofusion beat consists of the superimposition of an ineffectual ventricular  
stimulus (in the ventricular myocardial refractory period) on a surface QRS complex originating  
from a single ventricular focus. A large portion of the surface QRS complex can be inscribed before  
the intracardiac electrogram reaches the sensing electrodes with the required voltage amplitude  
(according to the programmed sensitivity) to inhibit the pacemaker (Figs. 5 and 6). Thus a VVI  
pacemaker can deliver a ventricular stimulus (according to its electronic clock) within a spon- 
taneous (surface) QRS complex before the arrival of the intracardiac signal at the sensing  
electrodes. In other words arrival of the electrogram is “delayed” as far as the surface ECG is  
concerned. The stimulus thus falls in the absolute refractory period of the ventricular myocardium  
and does not depolarize any portion of the ventricles. Pseudofusion does not indicate malfunction  
of the sensing circuit and is a normal manifestation of a VVI pacemaker. True sensing failure must  
always be excluded with long ECG recordings. Pacemaker stimuli falling beyond the surface QRS  
complex always indicate undersensing and a potential problem.

A DDD pacemaker may be considered to be a VVI unit with the addition of an atrial channel to  
provide AV synchronous pacing (Fig. 7). The pacemaker now acquires 2 new intervals. The atrio- 
ventricular (AV) interval is the electronic analog of the PR interval. The paced AV interval starts  
from the atrial stimulus and extends to the following ventricular stimulus. The sensed AV interval  
starts from the point of P wave sensing (atrial electrogram), and terminates with the release of the  
ventricular stimulus. The paced AV delay is usually 20–50 ms longer than the sensed AV delay to  
allow for the difference in interatrial conduction time between intrinsic and paced atrial events.

Fig. 6 Diagrammatic representation of the me- 
chanism of ventricular pseudofusion. The sur-
face ECG and the ventricular electrogram are  
assumed to be recorded simultaneously. The  
ventricular electrogram generates the necessary  
intracardiac voltage (sensing level) to inhibit the  
pacemaker at a point corresponding with the des- 
cending limb of the surface QRS complex in its  
second half (“time of sensing” at the dotted line  
on the right).Consequently, it is possible for a  
pacemaker stimulus to occur near the apex of the  
surface R wave (dotted line on the left) just before  
the point of intracardiac sensing because the  
ventricular electrogram has not yet generated the  
required voltage (sensing level) to inhibit the  
pulse generator.
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The upper rate interval (corresponding to the upper rate) is the speed limit necessary to control the  
response of the ventricular channel to sensed atrial activity. It is the shortest allowable interval  
between 2 consecutive ventricular stimuli or from a sensed ventricular event to the succeeding  
ventricular stimulus. The atrial escape interval is often used to describe DDD function and it is the  
interval from a ventricular event to the succeeding atrial stimulus.

Fig. 7 Panel A: Diagram showing the function of a simple DDD pacemaker with only four basic  
timing cycles. Lower rate timing is ventricular-based and controlled by ventricular events (paced or  
sensed).  AP = atrial paced beat; AS = atrial sensed beat; VP = ventricular paced beat; VS = ventri- 
cular sensed beat.
The four fundamental intervals (labeled 1 to 4) are: LRI = lower rate interval, VRP = ventricular  
refractory period, AVI = AV delay, PVARP = post ventricular atrial refractory period. There are also 2

PACEMAKERS AND THEIR ECGs 4

Interpretation of pacemaker function requires knowledge of 
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Atrial refractory periods and DDD pacemakers

What are refractory periods?

derived intervals: the atrial escape interval (AEI = LRI – AVI) and the total atrial refractory period  
(TARP = AVI + PVARP). Reset refers to the termination and reinitiation of a timing cycle before it is  
timed out to its completion according to its programmed duration. Premature termination of the  
programmed AV delay (by ventricular sensing) is indicated by its abbreviation. The upper rate  
interval (URI) is equal to the TARP in this simple pacemaker. AS (third beat) initiates an AV interval  
terminating with a VP.  AS also aborts the AEI initiated by the second VP. The third VP resets the LRI  
and starts the PVARP, VRP and URI. The fourth beat consists of AP which terminates the AEI  
initiated by the third VP, followed by a sensed conducted QRS complex (VS). The AV delay of the  
fourth beat is therefore abbreviated. VS of the fourth beat initiates the AEI, PVARP, VRP, LRI and  
URI. The fifth beat is a ventricular extrasystole that initiates the AEI, VRP and PVARP and resets the  
LRI and URI. The last beat is followed by an unsensed atrial extrasystole because it falls within the  
PVARP.
Panel B: Diagrammatic representation of fixed-ratio (2:1) upper rate response in a simple DDD  
pacemaker with URI = TARP as in panel A. The pacemaker fails to sense every second P wave  
because it falls within the TARP. When sinus slowing occurs on the right, the pacemaker functions  
according to its LRI. S = sensed P wave;  = unsensed P wave

The terminology is somewhat confusing because traditionally signals are “unsensed” in a refractory  
period and cannot start a new timing cycle. Yet, a pacemaker can detect signals in a refractory  
period and use them for functions other than initiating fundamental timing cycles such as a lower  
rate interval. Refractory periods all start with a short blanking period where no signal whatsoever  
can be used for any pacemaker function.

It is axiomatic that the atrial channel of a DDD pacemaker must be refractory during the AV delay to  
prevent initiation of a new AV delay before completion of the AV delay already in progress. The  
postventricular atrial refractory period (PVARP) begins immediately after a paced or sensed  
ventricular event. An atrial signal falling within the PVARP cannot initiate a programmed AV interval.  
The PVARP is designed to prevent the atrial channel from sensing retrograde P waves and far-field  
QRS signals (a QRS voltage that can be seen by the atrial channel). The total atrial refractory  
period (TARP) is the sum of the AV delay and the PVARP which are individually programmable. The  
duration of the TARP always defines the shortest upper rate interval or fastest paced ventricular  
rate. The AV delay, PVARP and the upper rate interval are interrelated in a simple DDD pacemaker  
(as were the original devices) where the upper rate interval is controlled solely by the duration of the  
TARP according to the formula:

Understanding the above concepts, one can appreciate how a DDD pacemaker can function quite  
well provided the ventricular channel does not sense the atrial stimulus. Sensing of the atrial  
stimulus (AV crosstalk) by the ventricular channel is potentially dangerous because it causes  
ventricular inhibition and ventricular asystole. Prevention of AV crosstalk requires the addition of a  
brief ventricular blanking period (about 10 to 60 ms) beginning coincidentally with the release of the  
atrial stimulus (Fig. 8). A second protective mechanism known as ventricular safety pacing (VSP)  
complements the blanking period but does not prevent crosstalk. It merely offsets the  
consequences. The VSP window extends from the onset of the AV delay for a duration of 100–120  
ms. During this interval (beyond the blanking period), a sensed ventricular signal does not inhibit  
the DDD pacemaker. Rather, it immediately triggers a ventricular stimulus delivered prematurely  
only at the completion of the short VSP interval, producing a characteristic abbreviation of the  
paced AV (AP-VP) interval. In the second part of the AV delay beyond the VSP interval, a sensed  
ventricular signal inhibits the pacemaker in the usual fashion (Figs. 9, 10 and 11). The above crosstalk  
intervals occur only after a paced atrial event and not after an intrinsic atrial event because a native  
atrial depolarization cannot cause AV crosstalk.

Upper rate (in ppm) = 
60,000

TARP (in ms)
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Fig. 8 Adding 2 intervals to a  
DDD pacemaker for the preven- 
tion of crosstalk: postatrial ven- 
tricular blanking period (PAVB)  
and ventricular safety pacing  
interval (VSP)

Advances in pacemaker technology have made it possible to use DDD or DDDR devices safely in  
patients with paroxysmal atrial arrhythmias. Dual chamber pacemakers equipped with automatic  
mode switching (AMS) can protect the patient from rapid ventricular pacing (related to sensing of  
rapid atrial rates) by automatically functioning in a non-atrial tracking mode, usually the DDI or  
DDIR mode. The DDI and DDIR modes avoid competitive atrial pacing by sensing atrial activity.  
An atrial-sensed event inhibits the release of the atrial stimulus but cannot initiate a programmed  
AV delay so that the pacemaker always remains at the lower rate.

DDD pacing prevents the pacemaker syndrome caused by inadequate timing of atrial and  
ventricular contractions. The syndrome occurs typically in patients with intermittent VVI pacing  
associated with retrograde VA conduction but it may also be caused by complete AV dissociation  
without retrograde VA conduction. The main problems are reduced cardiac output and  
hypotension. The symptoms may be subtle and obvious in only 10–20% of patients with VVI  
pacemakers.

Ventricular safety pacing may produce strange ECGs when the QRS 
complex activates ventricular safety pacing. This should not be 
misinterpreted as undersensing when stimuli fall within the QRS 
complex or beyond the QRS complex.
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Fig. 9  AV crosstalk and ventricular safety pacing in a DDD device (ECG and marker channel). In  
the absence of crosstalk the first and the fourth AV intervals are equal to the programmed value of  
200 ms. Intermittent crosstalk (stars) leads to activation of the ventricular safety pacing me- 
chanism. Thus, the AV interval of the second, third, fifth, sixth and seventh beats is abbreviated to  
110 ms. The marker channel below the ECG confirms the presence of crosstalk by showing ven- 
tricular sensing (VS) of the atrial stimulus (AP) in the ventricular safety pacing period beyond the  
short blanking period initiated by AP. The arrows point to VP triggered at the end of the ventricular  
safety pacing period (110 ms starting with AP). In this device with ventricular-based lower rate  
timing, continual crosstalk causes an increase in the pacing rate because the AV interval is shorter  
while the atrial escape interval remains constant.

Fig. 10  Holter recordings of DDD pacemaker showing the effect of crosstalk timing cycles during  
normal pacemaker function. Three ECGs were recorded simultaneously. The fifth beat is a  
ventricular premature complex (VPC) deformed by an atrial stimulus (A) which is followed by a  
ventricular stimulus (V) at the programmed AV delay. The effective ventricular electrogram of the  
VPC (of adequate amplitude to be sensed) occurs within the postatrial ventricular blanking period  
initiated by the atrial stimulus just beyond the atrial stimulus (A). The VPC is therefore unsensed by  
the ventricular channel of the pacemaker. The delivery of atrial stimulation within a QRS complex  
(capable of being sensed) is called a pseudopseudofusion beat. The seventh beat is an earlier VPC  
(asterisk) sensed normally by the ventricular channel. The third beat (blue arrow) is also deformed  
by an atrial stimulus. However, the atrial stimulus occurs earlier than in the fifth beat. This allows the  
pacemaker to sense the effective ventricular electrogram beyond the postatrial ventricular blanking  
period but still within the ventricular safety pacing period (VSP). The abbreviated AP-VP interval  
(110 ms) provides proof that the VPC was sensed by the ventricular channel in the VSP period.
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Fig. 11 AV crosstalk during DDD pacing without a ventricular safety pacing feature.
Panel A : V-V lower rate timing. The lower rate of the pacemaker was increased to test for crosstalk.  
Lower rate interval = 580 ms; AV delay = 170 ms. During crosstalk the interval between the atrial  
stimuli on the right becomes shorter than the lower rate interval because the ventricular channel  
senses the atrial stimulus thereby initiating a new atrial escape interval (ventricular-based lower  
rate interval). Crosstalk therefore causes the atrial pacing rate to be faster than the programmed  
lower rate. Continual crosstalk causes prolonged ventricular asystole.
Panel B: Crosstalk with AV conduction. Lower rate interval = 857 ms; AV interval = 200 ms (ven- 
tricular-based lower rate interval). Crosstalk occurs with the third atrial stimulus and produces  
characteristic prolongation of the interval between the atrial stimulus and the succeeding  
conducted QRS complex to a value longer than the programmed AV interval. The rate of atrial  
pacing increases because the sensed atrial stimulus (by the ventricular channel) initiates a new  
atrial escape interval just beyond the postatrial ventricular blanking period. The atrial pacing rate is  
faster than the programmed lower rate (ventricular-based lower rate timing). The interval between  
two consecutive atrial stimuli becomes equal to atrial escape interval of 657 ms (857 – 200) plus the  
duration of the ventricular blanking period (50 ms) providing a total of about 700 ms. In a device with  
atrial-based lower rate timing, the atrial rate would not have changed, remaining equal to the  
programmed lower rate.
Panel C: A-A timing. ECG showing AV crosstalk in a pacemaker with atrial-based lower rate timing.  
An atrial stimulus causes crosstalk and inhibits release of the ventricular stimulus. The interval  
between consecutive atrial stimuli remains unchanged and equal to the lower rate interval.
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Fixed-ratio block

Upper rate response of DDD pacemakers

Wenckebach upper rate response

The maximum paced ventricular rate of a DDD pacemaker (sometimes known as the maximum  
tracking rate) can be defined either by the duration of the total atrial refractory period (TARP) as in  
Fig. 12 or by a separate timing circuit (as in all pacemakers) with the capability of programming a  
longer upper rate interval (URI) independently of the TARP (URI > TARP). A pacemaker then  
provides 2 levels of upper rate response. (1) The first level defines the onset of a Wenckebach (or  
pseudo-Wenckebach) upper rate response (Fig. 13) and occurs when the P-P (atrial-atrial) interval  
is shorter than the upper rate interval but longer than the TARP. (2) The second level uses the TARP  
to define the onset of block when the P-P interval becomes shorter than the TARP (Fig.12). Upper  
rate limitation by only the TARP is less suitable because it produces a sudden fixed-ratio block (or  
multiblock) such as 2:1 or 3:1 block (2:1 or 3:1 atrial sensing) with potential unfavorable  
hemodynamic consequences.

The upper rate interval is a function of TARP only (= AVI + PVARP). As the atrial rate increases, any  
P wave falling within the PVARP is unsensed and, in effect, blocked. The AV delay always remains  
constant. If the programmed upper rate is 120 ppm (TARP = 500 ms) and the lower rate is 60 ppm, a  
2:1 response will occur when the atrial rate reaches 120 bpm. One P wave is blocked (or unsensed)  
and the other initiates an AV delay and triggers a ventricular response. An upper rate response  
using fixed-ratio block is inappropriate in young or physically active individuals.

The Wenckebach (or pseudo-Wenckebach) upper rate response requires a separately program- 
mable upper rate interval longer than the TARP (Figs. 13 and 14).
The purpose of the Wenckebach response is to avoid a sudden reduction of the paced ventricular  
rate (as occurs in fixed-ratio block) and to maintain some degree of AV synchrony at faster rates.  
During the Wenckebach upper rate response, the pacemaker will synchronize its ventricular  
stimulus to sensed atrial activity. The pacemaker cannot violate its upper rate interval. Therefore  
upon atrial sensing, the pacemaker has to wait until the upper rate interval has timed out before it  
can release a ventricular stimulus. For this reason the AV delay (initiated by atrial sensing) must be  
extended to deliver the ventricular stimulus at the completion of the upper rate. The sensed AV  
delay gradually lengthens throughout the Wenckebach sequence but the ventricular rate remains  
absolutely constant at the programmed upper rate. Eventually a P wave will fall in the PVARP where  
it cannot start an AV delay so that a pause occurs. The pauses in the upper rate Wenckebach  
sequences create a form of group beating which should immediately suggest the diagnosis in a  
pacemaker patient with a fast pacing rate. With progressive shortening of the P-P interval, the  
Wenckebach upper rate response eventually switches to 2:1 fixed ratio block when the P-P interval  
becomes shorter than the TARP.

Fig. 12  Fixed ratio block.  
DDD pacemaker at upper  
rate when the spontaneous  
atrial interval (SAI) is shor- 
ter than the total atrial  
refractory interval (TARP)
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A Wenckebach upper rate response can only occur when the upper 
rate interval is longer than the total atrial refractory period
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Fig. 13  Diagrammatic representation of the Wenckebach upper rate response of a DDD  
pacemaker. The upper rate interval (URI) is longer than the total atrial refractory period (TARP)  
which is equal to the sum of AV interval (AVI) and the postventricular atrial refractory period  
(PVARP). The P-P or spontaneous atrial interval (SAI) is shorter than the URI, but longer than the  
programmed TARP. The sensed AVI lengthens to conform to the URI. During the Wenckebach  
response the pacemaker synchronizes the paced ventricular event (VP) to the sensed atrial event  
because the pacemaker cannot violate its (ventricular) URI. The AVI becomes progressively longer  
as the ventricular channel waits to deliver a VP until the URI has timed out. The maximum  
prolongation of the AVI represents the difference between the URI and the TARP. The AVI lengthens  
as long as the SAI is longer than the TARP. The fourth P wave falls in the PVARP and is unsensed,  
and therefore not followed by a VP. A pause occurs and the whole sequence starts again. The VP-VP  
intervals are constant (except when the pause occurs) and equal to the URI. When the SAI becomes  
shorter than the programmed TARP, Wenckebach pacemaker AV block can no longer occur and  
fixed ratio pacemaker AV block supervenes.

Fig. 14 ECG lead showing Wenckebach upper rate behavior of a DDD pacemaker. Upper rate =  
125 ppm (upper rate interval = 480 ms). The sinus rate is faster than the programmed upper rate but  
the P-P interval is longer than the total atrial refractory period. Note group beating (typical for this  
response) interrupted by a pause. The P waves are sensed by the pacemaker and gradually march  
away from the paced QRS complex. The AV (atrial sense − ventricular pace) delay lengthens
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Fig.15  Diagrammatic represen- 
tation of the mechanism of endless  
loop tachycardia. When the atrial  
channel senses a retrograde P wave,  
the pacemaker issues a ventricular  
pacing stimulus at the completion of  
the programmed AV delay which may  
be longer than the programmed va- 
lue to conform to the upper rate  
interval. The pulse generator itself  
provides the anterograde limb of the  
macro-reentrant loop because it  
functions as an artificial AV junction.  
Retrograde VA conduction following  
ventricular pacing provides the  
retrograde P wave and the process  
perpetuates itself. Termination of  
endless loop tachycardia can be  
accomplished by disrupting either  
the anterograde limb (by eliminating  
atrial sensing) or the retrograde limb  
(by eliminating retrograde conduc- 
tion).

gradually but this manifestation is masked in the ECG. Eventually a P wave coincides with the  
postventricular atrial refractory period where it is unsensed. This produces a pause and the  
sequence restarts upon sensing the next P wave. Barring the pause, the paced interval is constant  
and equal to the URI.

Approximately two thirds of patients with sick sinus syndrome and 20–35% of patients with AV  
block exhibit retrograde ventriculoatrial (VA) conduction. The VA conduction time ranges from 100  
to 400 ms, rarely longer, and is influenced by autonomic factors, drugs and so on. Pacemaker- 
mediated tachycardia (PMT, sometimes called endless loop tachycardia) is a complication of  
devices that sense atrial activity. It represents a form of macro-reentry. The most common  
initiating mechanism is a ventricular premature complex (VPC) with retrograde VA conduction  
(Figs.15 and 16).

When the atrial channel senses a retrograde P wave, a ventricular stimulus is issued at the  
completion of the AV delay. The pacemaker provides the anterograde loop of the reentrant  
mechanism. VA conduction following ventricular pacing provides the retrograde limb of the  
reentrant loop. The atrial channel of the pacemaker again senses the retrograde P wave and the  
process perpetuates itself.
The cycle length of PMT is often equal to the upper rate interval. Application of the magnet over the  
pacemaker immediately terminates PMT because it eliminates sensing. PMT can almost always  
be prevented by programming the PVARP to contain retrograde P waves. A PVARP of 300 ms  
offers protection against PMT in most patients. In difficult situations one can program a special  
function to automatically terminate PMT by automatic electronic disruption of the macro-reentrant  
mechanism.
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Fig. 17 Diagrammatic representation of repetitive nonreentrant VA synchrony. There is relative- 
ly slow retrograde VA conduction (VAC) initiated by a premature ventricular complex (PVC). The  
retrograde P is unsensed (cannot start an AV delay) because it falls within the postventricular  
atrial refractory period (PVARP).  At the completion of the atrial escape interval (AEI), the pacemaker  
delivers an atrial stimulus (Ap) that falls close to the preceding retrograde P wave (Ar = atrial event  
detected in the PVARP) and therefore still within the atrial myocardial refractory period (MyoRP)  
engendered by the previous retrograde atrial depolarization. Ap is therefore ineffectual. Barring  
any perturbations, this process becomes self-perpetuating. Vs = ventricular sensed event; Vp =  
ventricular paced event; AVI = AV interval.

Top panel: ECG and marker recorded at 25 mm/s. Lower rate interval = 857 ms, AV delay = 200  
ms after atrial pacing and 150 ms after atrial sensing, postventricular atrial refractory period  
(PVARP) = 300 ms, upper rate interval = 500 ms (120 ppm), subthreshold atrial stimulation (AP). 
Ventricular pacing causes retrograde VA conduction. On the left, the retrograde P waves fall within  
the PVARP and are depicted as AR by the marker channel. AR events cannot initiate an AV delay.  
The PVARP was shortened to 200 ms at the star. The pacemaker then senses the retrograde P  
waves (AS) and initiates endless loop tachycardia.
Second panel: A recording at 50 mm/s also shows the initiation of endless loop tachycardia by  
subthreshold atrial stimulation. The markers indicate that the VA conduction time measures ap- 
proximately 240 ms (longer than the PVARP). The AS-VP interval is prolonged to conform to the  
upper rate interval, so that VP-VP interval = upper rate interval = 500 ms.
Third panel: 50 mm/s. The upper rate interval was programmed to 600 ms (100 ppm). The  
retrograde VA conduction time during endless loop tachycardia remains constant at 240 ms, but  
the AS-VP interval lengthens further to conform to the upper rate interval so that VP-VP interval =  
600 ms.
Bottom pannel: 50 mm/s. The upper rate interval was programmed to 400 ms (150 ppm). The  
retrograde VA conduction time is now slightly longer at approximately 260 ms. The programmed  
AS-VP remains at 150 ms and is not extended. The tachycardia interval represents the sum of the  
VA conduction time and the programmed AS-VP interval, and is slightly longer (410–420 ms) than  
the upper rate interval (400 ms). Endless loop tachycardia was no longer induced by subthreshold  
atrial stimulation when the PVARP was again programmed to 300 ms as in the top panel on the  
left.

Repetitive nonreentrant ventriculoatrial synchrony
Repetitive ventriculoatrial (VA) synchrony can also occur in the DDD or DDDR mode when a paced  
ventricular beat causes retrograde VA conduction but the retrograde P wave is unsensed because  
it falls within the PVARP (Figs. 17 and 18).
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Under certain circumstances, repetitive nonreentrant ventriculoatrial (VA) synchrony can become  
self-perpetuating when the pacemaker continually delivers an ineffectual atrial stimulus (despite  
being well above the pacing threshold under normal circumstances) in the atrial myocardial  
refractory period generated by the preceding retrograde P wave. The potential reentrant circuit  
does not close and this arrhythmia is often labeled as nonreentrant. Both pacemaker-mediated  
tachycardia and repetitive nonreentrant VA synchrony depend on VA conduction and are  
physiologically similar. Both share similar initiating and terminating mechanisms. Repetitive  
nonreentrant VA synchrony depends on a short atrial escape interval (relatively fast lower rate  
and/or a long AV delay) and a relatively long VA conduction time. Thus, it is more likely to occur  
during sensor-driven faster pacing rates. The arrhythmia has become more common because  
long AV delays may be programmed to promote AV conduction and normal ventricular activation.

Fig. 18  Repetitive nonreentrant VA synchrony during bipolar DDD pacing.
Panel A: Initiation of repetitive nonreentrant VA synchrony by a ventricular premature complex  
(VPC). The third beat is a VPC that activates ventricular safety pacing (VSP). The fourth beat is a  
VPC with retrograde VA conduction (where the retrograde P wave is not seen on the ECG). The  
succeeding atrial stimulus is ineffectual as it falls within the atrial myocardial refractory period  
generated by the preceding retrograde atrial depolarization. This atrial stimulus is followed by a  
ventricular paced beat associated with retrograde VA conduction. Repetitive nonreentrant VA  
synchrony begins when the following atrial stimulus occurs in the atrial myocardial refractory period  
related to the retrograde P wave linked to the ventricular paced beat.
Panel B: Termination of repetitive nonreentrant VA synchrony by a VPC. Lower rate = 80 ppm, AV  
delay = 250 ms. The fourth beat is a VPC (with retrograde VA conduction) falling within the AV delay  
but beyond the VSP period. The fifth beat is a VPC which is more premature than the preceding  
one. This prematurely induces VA conduction block. The subsequent atrial stimulus captures the  
atrium because it no longer faces a refractory barrier from an atrial event in the preceding post-  
ventricular atrial refractory period (PVARP).
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Pacemaker-mediated tachycardia can be prevented in almost all the 
patients by programming the PVARP to contain retrograde P waves.

Tachycardias during DDD(R) pacing

Automatic mode switching

Tachycardia (rapid ventricular pacing) during DDD pacing is relatively common and the diagnosis  
is often simple. Pacemaker-mediated tachycardia is terminated by magnet application. Tachy- 
cardias other than pacemaker-mediated tachycardia return upon removal of the magnet. A  
pacemaker Wenckebach upper rate response indicates that the atrial rate is faster than the pro- 
grammed upper rate of the pacemaker but does not differentiate between supraventricular  
tachyarrhythmia and sinus tachycardia. Supraventricular tachyarrhythmias may induce a variety  
of pacemaker responses if automatic mode switching (AMS) is not programmed. A rapid and  
irregular ventricular rate suggests the diagnosis of atrial fibrillation or flutter. The DDI(R) mode in  
AMS during detected supraventricular tachycardia may generate no atrial stimuli and resembles  
VVI(R) pacing. Pacemaker tachycardia triggered by myopotentials sensed by the atrial channel of  
a unipolar DDD pacemaker can be regular or irregular with pacing cycles often at the upper rate  
interval. Myopotential-triggered tachycardias in the atrial channel may be associated with periods  
of myopotential inhibition of the ventricular channel and asynchronous pacing at the interference  
rate. Sensor-driven tachycardia is rare and usually related to inappropriate or overprogramming of  
a rate-adaptive pacemaker.

Automatic mode switching (AMS) refers to the automatic change of a pacemaker mode in res- 
ponse to supraventricular tachycardia. The behavior of AMS varies according to the manufacturer  
but they all are activated by detection of an atrial tachyarrhythmia whereupon they convert a dual  
chamber pacemaker from an atrial tracking mode (which may cause rapid paced ventricular rates)  
to a nonatrial tracking mode either in the DDI(R) or VVI(R) mode. In this way, dual chamber pacing  
can be performed safely in patients with paroxysmal supraventricular tachycardias. Reversion to  
the DDD(R) mode occurs automatically upon termination of tachycardia. One must remain familiar  
with the behavior of the DDI(R) mode because it is used as a temporary mode during AMS (Figs. 19,  
20A and 20B).

The DDI and DDI(R) modes avoid competitive atrial pacing by sensing atrial activity. An atrial  
sensed event inhibits the release of the atrial stimulus when the atrial escape interval has timed  
out. The “I” in the third position of the pacemaker code indicates that only atrial and ventricular  
inhibition are possible. No triggered atrial function is possible. In other words, a sensed P wave  
cannot trigger a ventricular stimulus, i.e. DDI does not allow atrial tracking. There is no sensed AV  
delay. The programmed AV delay can only exist as a paced AV interval.

Fig. 19  DDI pacing mode in a patient who underwent ablation of the AV junction for refractory  
paroxysmal atrial fibrillation, and developed pacemaker syndrome. The DDI mode functions at the  
programmed lower rate of 60 ppm which is slower than the prevailing sinus rate. Note that sinus P  
waves march through the cardiac cycle, producing AV dissociation. The P wave following the first  
ventricular paced beat falls in the 300 ms postventricular atrial refractory period and is unsensed,  
thereby allowing the release of an atrial stimulus at the end of the atrial escape interval initiated by  
the first ventricular paced complex (ventricular-based lower rate timing).
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During automatic mode switching, the ECG during DDI(R) 
pacing looks like the VVI(R) mode.

The DDI(R) mode will therefore always exhibit a constant ventricular paced rate equal to the  
programmed lower rate or the sensor-derived lower rate. A postventricular atrial refractory period  
(PVARP) and crosstalk intervals are retained. It should be remembered that in the presence of  
complete AV block when the sinus rate is faster than the programmed lower rate the DDI mode will  
not provide AV synchrony (Fig. 19).

The DDI and DDIR modes and automatic mode switching

Fig. 20A Automatic mode switching with DDI pacing during atrial fibrillation. On top the ECG was  
recorded simultaneously with event markers and at the bottom the ECG was recorded simul- 
taneously with the telemetered atrial electrogram (AEGM). F = ventricular fusion beat; AS = atrial  
sensed event; AR = atrial event detected in the atrial refractory period; VP = ventricular paced  
event. Lower rate interval = 750 ms; AV interval = 200 ms; postventricular atrial refractory period =  
250 ms. Sensed events in the atrial refractory period cannot inhibit the atrial channel. Although the  
pacemaker senses atrial events (AS) outside the atrial refractory period, it does not track them, i.e. it  
cannot generate an AV delay to the programmed value. Consequently ventricular pacing is forced  
to occur at the programmed lower rate of 80 ppm. The AS-VP intervals are always longer than the  
programmed AP-VP delay and display marked variability in duration which are characteristic  
features of the DDI mode. There is intermittent atrial undersensing of the f waves because the  
AEGM tends to be considerably smaller than the corresponding AEGM in sinus rhythm. The arrow  
points to a cycle where the pacemaker fails to sense the f waves so that AP is released at the  
completion of the atrial escape interval.
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Right  ventricular  pacing  produces  an  ECG  with  a  left  bundle 
branch pattern and the frontal plane axis usually points to the left 
superior quadrant and occasionally to the right superior quadrant.

Fig. 20B Rapid and irregular ventricular pacing during atrial fibrillation and the DDD mode. The  
device tracks the rapid atrial rate in the absence of automatic mode switching. AS = atrial sensed  
event; AR = atrial event detected during the postventricular refractory period; VP = ventricular  
paced event.

Rate-adaptive pacemakers

Patterns of depolarization during ventricular pacing

A sensor monitors the need for faster pacing rate and attempts to mimic the rate response of the  
normal sinus node according to physical activity. A sensor works independently of atrial activity. A  
VVI pacemaker with rate-adaptive function is coded as a VVIR pacemaker and a DDD pacemaker  
as a DDDR device. Activity sensors (accelerometer or piezoelectric crystal) are widely used but  
minute ventilation, the product of respiratory rate and tidal volume, is a more physiologic sensor.  
Some pacemakers contain 2 sensors for improved performance.

Pacing from the right ventricular (RV) apex produces negative paced QRS complexes in the inferior  
leads with a mean frontal plane axis which is superior either in the left or the right superior quadrant  
(Fig. 21A). Location of the RV lead in the outflow tract or high RV septum shifts the frontal plane  
axis to the inferior quadrants. RV pacing, regardless of the site, produces a left bundle branch block  
(LBBB) pattern in the precordial leads occasionally registered as QS complexes in all the precordial  
leads. A dominant R wave in V1 has been called a right bundle branch block pattern of depo- 
larization but this terminology is misleading because this pattern is often not related to RV activation  
delay. A dominant R wave in lead V1 occurs in approximately 8–10% of patients with uncomplicated  
RV apical pacing. In such a situation V1 and V2 recorded one interspace lower will usually record a  
negative complex. If the dominant R wave persists by this maneuver, the lead may not be in the RV.  
LV pacing also produces a tall R wave in V1. A tall R wave in V3 and V4 signifies that a pacemaker  
lead is most probably not in RV after excluding ventricular fusion from spontaneous AV conduction.
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Fig. 21A ECG of right ventricular pacing.
Upper panel: right ventricular apical pacing. The frontal plane axis is usually left superior. It  
may also be in the right superior quadrant where it causes leads I, II and III to be negative and  
lead aVR to show the largest positive deflection. Although the precordial leads normally show  
an LBBB pattern, the typical LBBB pattern in the left precordial leads may not be present and  
all leads show a QS pattern. Occasionally the left precordial leads may show a dominant R  
wave.
Lower panel: right ventricular outflow tract pacing. The frontal plane axis is normal, i.e. as for  
normally conducted beats. But as the lead moves towards the pulmonary valve, the axis  
becomes deviated to the right. A qR pattern can occur only in leads I and aVL. The precordial  
leads V1 to V6 are similar to those with RV apical pacing.
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Fig. 21B Single chamber ventricular pacing. Patterns of atrial activity during ventricular  
pacing.

Fig. 22 Monochamber
LV pacing. QRS duration
= 240 ms.
Note the RBBB pattern with
a dominant R wave in V1
and right axis deviation the 
frontal plane.

Left ventricular pacing
Single chamber left ventricular (LV) pacing is sometimes used permanently for cardiac resyn- 
chronization therapy (CRT). It is frequently programmed temporarily during troubleshooting and  
follow-up. LV pacing from the posterior or posterolateral coronary vein (the traditional sites for CRT)  
almost invariably results in a right bundle branch block (RBBB) pattern in a correctly positioned lead  
(Fig. 22). Lead V1 is therefore positive and the frontal plane axis often shows right axis deviation.  
Leads V2 and V3 may or may not be positive. With apical lead position, leads V4 to V6 are usually  
positive. Pacing from the middle or the great (anterior) cardiac vein (unsatisfactory sites for CRT)  
produces a LBBB pattern of depolarization. Thus, when lead V1 during LV pacing shows a negative  
QRS complex, one should consider incorrect ECG lead placement.
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Cardiac resynchronization with biventricular pacing
Biventricular pacing has emerged as beneficial therapy for patients with marked systolic left  
ventricular dysfunction, and heart failure associated with a wide QRS complex due to a left-sided  
conduction delay or block.

Lead V1 usually shows a dominant R wave. The frontal plane QRS axis is usually in the right  
superior quadrant, and occasionally in the left superior quadrant (Fig. 23). A negative QRS  
complex in V1 may occasionally occur with uncomplicated biventricular pacing (and remains  
unexplained), but such a finding requires ruling out a number of abnormalities that include failure  
of left ventricular (LV) capture, LV lead displacement or marked LV latency (exit block or con- 
duction delay from the stimulation site allowing the RV to overshadow the LV), ventricular fusion  
with the intrinsic QRS complex, and pacing via the middle cardiac vein or anterior interventricular  
vein. In patients with sinus rhythm and a relatively short PR interval, the ECG may show ventricular  
fusion with the competing native conduction during biventricular pacing. The unusual QRS in V1  
is a common pitfall in follow-up and may cause misinterpretation of the ECG.

Biventricular pacing with a LV site in the coronary venous system and a RV apical site

The paced QRS in lead V1 is often negative and the frontal plane paced QRS axis is often directed  
to the right inferior quadrant (right axis deviation).

Biventricular pacing with the LV site in the coronary sinus and the RV site in the outflow  
tract

Fig. 23 Biventricular pacing in the DDD mode with atrial sensing and ventricular pacing (left ventri- 
cular pacing was performed from the coronary venous system). The paced QRS complex is  
relatively narrow. There is a dominant R wave in leads V1 and V2. The frontal plane axis points to  
the right superior quadrant as expected when the right ventricle is paced from the apex in a  
biventricular system.
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Fig. 24A Loss of atrial capture by a DDD pacemaker.
Top: The atrial stimulus does not give rise to visible atrial depolarization. The presence of notching  
on the ST segment suggests the presence of retrograde ventriculoatrial (VA) conduction indicating  
lack of atrial capture by the preceding atrial stimulus.
Bottom: When the atrial output was increased, retrograde VA conduction disappeared implying that  
there was appropriate atrial capture despite the absence of a clearly visible P wave induced by the  
atrial stimulus.

Evaluation of atrial capture and sensing in dual chamber pacemakers

The presence of atrial capture can sometimes be difficult to determine from the 12-lead ECG (Fig.  
24A). The presence of atrial stimuli does not mean successful atrial capture. Lack of capture can be  
due to unsuspected atrial fibrillation (AF). The presence of permanent AF (or atrial flutter) is often  
poorly recognized in a continuously paced rhythm with resultant denial of anticoagulant therapy. A  
12-lead ECG at double standardization can be invaluable in bringing out a paced P wave and/or  
tiny bipolar stimuli.

Atrial undersensing from a small intracardiac signal is more common in the atrial than the  
ventricular channel of a DDD pacemaker because the atrial electrogram is much smaller than the  
ventricular one. P wave undersensing may also be due to other causes such as the P wave falling  
in the postventricular atrial refractory period (PVARP) (Fig. 24B).

Lack of atrial capture is often missed especially in atrial fibrillation. In 
questionable cases, look for atrial capture by recording the ECG at 
double standardization and/or doing a subxiphoid echocardiogram.
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Fig. 24B Atrial undersensing;
Panel A: Two-lead Holter recording with special pacemaker channel showing intermittent atrial  
undersensing (stars). The atrial stimuli close to the unsensed P waves do not capture the atrium  
which is still refractory from the preceding spontaneous atrial depolarization. At the arrow atrial  
capture occurs just beyond the atrial myocardial refractory period generated by the preceding  
sinus P wave.
Panel B: ECG showing the importance of evaluating atrial sensing during deep inspiration when  
sensing is lost (arrows).
Panel C: Intermittent atrial sensing during DDD pacing with delivery of the atrial stimulus within the  
terminal portion of every second P wave. The conducted QRS complex following the atrial stimulus  
falls within the ventricular safety pacing period of 110 ms. The ventricular channel senses the QRS  
complex and triggers a ventricular stimulus after the expected abbreviation of the AV delay to 110  
ms. Atrial sensing was restored and safety pacing was eliminated by programming only a higher  
atrial sensitivity. (Programmed paced AV delay = 200 ms)
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Fig. 25 Pacemaker inhibition with ventricular asystole induced by myopotential oversensing in a  
patient with a unipolar VVI pacemaker programmed to a rate of 70 ppm. The baseline interference  
of the ECG is typical of myopotential interference.

Electrical complications during ventricular pacing

Myopotential interference

There are many causes of loss of capture by visible stimuli on the ECG and the most common  
causes are lead displacement or changes in the electrode-tissue interface. Artifacts may create  
confusion. “Triboelectric phenomena” describe high-voltage deflections generated by static  
electricity. Such artifactual signals are usually wider and more irregular than pacemaker stimuli  
and often recognizable as unrelated to a pacemaker. Occasionally, the diagnosis depends on  
finding subtle differences from the pacing stimulus.

Pacing failure without visible stimuli is usually due to pulse generator failure (usually the battery)  
or an open circuit with no current flow usually because of a electrode-lead fracture with intact  
insulation.

The most common cause of ventricular undersensing is a low-amplitude ventricular electrogram.  
Lead dislodgment is the most likely cause of undersensing soon after implantation and can often  
be corrected by reprogramming. The differential diagnosis includes pseudofusion beats and  
functional undersensing when the signal occurs in a refractory or blanking period. Pacemakers  
usually respond to electromagnetic interference by temporary conversion to synchronous or  
fixed-rate pacing.

All forms of oversensing are often associated with undersensing because an extraneous signal  
generates a pacemaker refractory period which may then coincide with the occurrence of a  
spontaneous QRS complex (functional undersensing). Oversensing of physiologic signals (P and  
T waves) and the pacemaker waveform itself (afterpotential) is rare. A prolonged atrial escape  
interval during hysteresis must not be misinterpreted as ventricular oversensing.

Abrupt changes in the resistance within a pacing system can produce large voltage changes  
(called false signals or voltage transients) between the two electrodes used for pacing and  
sensing. False signals are almost always invisible on the surface ECG so that their presence must  
be assumed until they are revealed by pacemaker interrogation. Such “make-break” signals may  
occur with loose connections, wire fracture with otherwise well apposed ends, insulation defect,  
or the interaction of 2 leads in the heart (one active, the other inactive) lying side by side and  
touching each other intermittently.

Myopotential inhibition represents oversensing of electrical activity originating from skeletal  
muscles. Myopotential oversensing occurs only with unipolar pulse generators (with the anode  
on the pacemaker can) and originates from the deltopectoral region at the implantation site. Myo- 
potential oversensing by a unipolar ventricular pacemaker may cause device inhibition with  
pauses of varying duration (Fig. 25). Myopotential oversensing typically shows interference of  
the ECG baseline. Figure 26 shows how myopotential oversensing by the atrial channel of a dual  
chamber pacemaker can cause triggering of ventricular pacing. Oversensing of diaphragmatic  
myopotentials is rare and may occur with either unipolar or bipolar systems in contrast to the more  
common myopotential interference from deltopectoral muscles which only occurs with unipolar  
pacing.
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Fig. 26 Myopotential interference of atrial and ventricular channels documented in a Holter recor- 
ding in a patient with a VDD pacemaker programmed to a rate of 60 ppm. The patient had no atrial  
arrhythmias. Myopotential sensing by the atrial channel triggers a ventricular stimulus thereby  
causing an irregular increase in the ventricular pacing rate. At other times, myopotentials sensed by  
the ventricular channel cause pacemaker inhibition (arrow) with pauses of varying duration. Note  
the typical interference of the ECG baseline. The first circle in strip A suggests that a ventricular sti- 
mulus was emitted. Such a stimulus may have occurred either as a result of a ventricular fusion beat  
or a pseudofusion beat. The first QRS complex suggests supraventricular conduction and therefore  
a pseudofusion in which the ventricular stimulus was delivered during the QRS complex.Note that  
the ST-T wave configuration of the first beat in strip A is different from that in the last QRS complex  
engendered by supraventricular conduction. Altered repolarization indicates altered preceding  
depolarization and therefore ventricular fusion in the first beat in strip A. The tracing shows the  
importance of Holter recordings in the detection of pacemaker stimuli that are invisible in a standard  
ECG.

Tachycardia during DDD pacing
The diagnosis of tachycardia is often simple. Pacemaker-mediated tachycardia (PMT) is ter- 
minated by magnet application. Supraventricular tachyarrhythmias may induce a variety of  
pacemaker responses when automatic mode switching is not programmed. A pacemaker  
Wenckebach upper rate response indicates that the atrial is faster than the programmed upper rate  
of the pacemaker but it does not differentiate between a supraventricular tachyarrhythmia and  
sinus tachcardia but rules out PMT. Diagnostic P, F, or f waves may not be discernible. A rapid and  
irregular ventricular pacing rate suggests the diagnosis of atrial fibrillation or flutter provided a  
defective atrial lead (with false signals) can be ruled out (Fig. 20B). Occasionally, atrial flutter or  
atrial fibrillation (AF) induces rapid and regular ventricular pacing at the programmed upper rate  
mimicking a PMT. Pacemaker tachycardia triggered by myopotentials sensed by the atrial channel  
of a unipolar DDD or DDDR pacemaker can be regular or irregular with pacing cycles often at the  
upper rate interval (Fig. 26).
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Fig. 27 Hyperkalemia. ECG of a patient with a DDD pacemaker and hyperkalemia (K = 7.2 mEq).  
There is loss of atrial capture and intermittent loss of ventricular capture because of a high pacing  
threshold. The paced QRS complex is very wide. The atrium is more sensitive than the ventricle 
to the effects of hyperkalemia. Thus, atrial capture is often lost before ventricular capture.

Hyperkalemia

Algorithms to minimize right ventricular pacing

Hyperkalemia causes widening of the paced QRS complex (and paced P wave) on the basis of  
delayed myocardial conduction. Other common causes of a wide paced QRS complex include  
amiodarone therapy and severe myocardial disease. Hyperkalemia can cause reversible lack of  
capture with the atrial channel being more sensitive than the ventricular one. Hyperkalemia can  
cause prolonged latency (interval from stimulus to onset of depolarization), a condition also  
known as first-degree pacemaker exit block. The normal value of ventricular latency during RV  
pacing is 40 ms or less and is measured from the ventricular pacing stimulus to the onset of  
ventricular depolarization (Fig. 27).

Much evidence has emerged in the last decade about the harmful effects of chronic RV pacing  
(mostly apical) on LV function. Minimizing RV pacing may reduce chronic changes in cellular  
structure, LV geometry that contribute to impaired hemodynamic performance, mitral regurgitation,  
and increased left atrial diameters with the aim of reducing the risk of atrial fibrillation, congestive  
heart failure, and death. On this basis, strategies to minimize RV pacing have become important  
especially in patients with sick sinus syndrome where continual RV pacing may not be necessary.  
There are two major algorithms that minimize RV pacing.
1. In the DDD or DDDR mode with a dynamic AV delay, the pacemaker periodically extends the AV  
delay (gradually or suddenly) to a programmable value aiming to search for spontaneous AV  
conduction. If a conducted ventricular event is sensed during this extended AV delay, the pace- 
maker inhibits the ventricular output and continues to function (in the functional AAI or AAIR mode)  
with such an extended AV delay until no ventricular sensed event is seen. The absence of a sensed  
ventricular event promoted pacing with the basic AV delay.
2. New pacing modes in which the algorithm maintains AAI or AAIR pacing (Fig. 28) (mode  
switching DDDR → AAIR → DDDR). The switch to AAIR from DDDR is achieved by periodic AV  
conduction checks by the device monitoring for a conducted ventricular sensed event. First- and  
second-degree AV block are tolerated in the AAIR mode up to a predetermined programmable limit.  
The permitted cycles of second-degree AV block are short but an occasional patient may become  
symptomatic. Supraventricular tachyarrhythmias activate automatic mode switching to the DDIR  
mode like other pacemakers (AAIR → DDIR or DDDR → DDIR). The AV delay is either eliminated  
or very prolonged. The unusual behavior of the AV delay means that the AV delay terminating with a  
ventricular sensed event can be very long. No ventricular pacing may occur after a long PR interval.  
This may cause sustained marked first-degree AV block that may be hemodynamically important  
and symptomatic like retrograde VA conduction (pacemaker syndrome).
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Switch to DDD(R) occurs after back-up VP; programmed 
PAV/SAV are used during this mode of operation
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Fig. 28 MANAGED VENTRICULAR PACING (Medtronic)
Ventricular Backup:
Function of managed ventricular pacing (MVP)
Ventricular pacing only as needed in the presence of transient loss of conduction

MVP function: Loss of AV conduction induces an AP-VP beat with an abbreviated AV delay.  
Note the atrial pacing rate remains constant. Functional AAI(R) then continues with AV con- 
duction and a long AV delay or PR interval. The pacemaker detects VS allowing the continua- 
tion of the AAI(R) mode.
AP = atrial paced event; VP = ventricular paced event; VS = ventricular sensed event.

MVP function: The functional AAI(R) mode converts to DDD(R) pacing if there is AV block in 2  
out of 4 cycles. AP = atrial paced event; VP = ventricular paced event; VS = ventricular sensed  
beat; PAV = paced AV delay (initiated by an AP); SAV = sensed AV delay (initiated by an AS)

DDD(R) to AAI(R) Switch: If AV conduction check passes (1 beat)

AV conduction check (1 beat). Scheduled every 1, 2, 4, 8 min... up to 16 hrs after a transition  
to DDD(R) has occurred. Temporarily uses AAI(R) timing to monitor for a conducted VS  
during one A-A interval. VS = ventricular sensed beat; A-A = interatrial interval.

AAI(R) to DDD(R) Switch: Ventricular support if loss of A-V conduction is persistent
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V1

AV block

AAIR DDDR

AV conduction

Managed
Ventricular

Pacing

MVP

The ECG shows managed ventricular pacing (MVP) with atrial pacing at a rate of 75 ppm and an AV  
delay = 440 ms. The atrial stimuli fall on the T wave of the conducted ventricular beats. There are no  
ventricular stimuli. In the MVP mode with functional AAIR pacing, atrial stimuli but no ventricular  
stimuli are emitted. Following an atrial sensed event (AS) or atrial paced event (AP), there is no AV  
delay (unlike in a dual chamber pacemaker where a ventricular stimulus terminates the  
programmed AV delay). If there is delayed AV conduction, the subsequent event will be a spon- 
taneous ventricular event (VS) and not a ventricular stimulus. If VS does not occur, the subsequent  
event will be either AS or AP but not a ventricular stimulus. The pacemaker does not alter its timing  
(atrial pacing rate) in response to a VS event. However it senses it via the ventricular lead and  
labels the VS event as due to successful AV conduction and therefore continues the functional  
AAIR mode. Consequently the AS-VS or AP-VS (i.e. PR) intervals can be very long and sustained  
marked first-degree AV block may occur. A switch to the DDDR mode occurs when 2 out of 4 atrial  
intervals do not contain VS events. This arrangement is often misinterpreted as pacemaker failure  
and the atrial stimuli falling beyond the V event are also misinterpreted as a loss of ventricular  
capture and sensing.

Fig. 29
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errOrS IN 
eLeCtrOCarDIOGraphY 

MONItOrING,  
COMpUterIZeD eCG,  
Other SIteS OF eCG 

reCOrDING

* Inaccurate lead placement
* Superimposition of standard ECG leads with telemetry leads
* Technically unacceptable ECG recordings
* Baseline wander and wrong speed
* Electrode positioning on the torso
* Common 5-electrode system
*  Right-sided precordial leads at a higher or lower  

intercostal space
* Lewis lead
* Esophageal recordings
* His bundle recordings
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ERRORS IN ELECTROCARDIOGRAPHY 1

Electrocardiographic diagnoses are valid only if electrodes are placed in correct  
locations, lead wires are attached to the appropriate electrode, and the recording is of  
good technical quality (proper filtering, absence of extraneous electrical noise, etc.). If  
comparisons of serial ECGs are required all recordings must be made using a consistent  
technique.

Placement of the electrodes for the limb leads (right arm, left arm, left leg) can be anywhere on the  
limb without substantially affecting ECG waveforms. However, clinically important misdiagnoses  
may occur when limb electrodes are placed on the torso, particularly if they are moved closer to the  
heart (e.g. arm electrodes placed closer to the sternum than the shoulders).
The change between a torso-positioned versus a standard ECG is either loss or appearance of Q  
waves of infarction in the inferior leads. Changes in ST-T waves may also occur which could be  
interpreted as acute myocardial ischemia when serial comparisons are made between standard  
and torso-positioned ECGs. Finally, P, R and S wave voltages may be different. 

Correct placement of the lead V1 electrode is vital because the remaining 5 precordial leads are  
placed in relation to it. Therefore, if the V1 electrode is placed above its correct location, leads V2 to  
V6 may also be misplaced superiorly. High and low placement of precordial electrodes produce a  
change in R wave of about 1 mm per interspace, with smaller R waves when V1 and V2 are placed  
superior to the correct 4th intercostal space. Thus, superiorly displaced precordial leads may  
result in the misdiagnosis of “poor R wave progression” or “anterior myocardial infarction”.

Serial ECG comparisons of 12-lead ECGs using tracings from cardiac monitors may be mis- 
leading because the 12 ECG leads of monitors are mathematically derived from a reduced number  
of leads. Such derived 12-lead ECGs are useful for diagnoses important in the immediate care  
setting such as distinguishing ventricular tachycardia from supraventricular tachycardia with  
aberrant conduction, detection of new bundle branch block, and ST segment changes of acute  
myocardial ischemia. Derived and standard ECG serial comparisons should not be made for  
measurement of precise amplitudes (e.g. whenever ST segment elevations have resolved).  
Therefore, as in the case for torso-positioned ECGs, 12-lead ECGs derived from reduced lead  
sets should not be compared serially with 12-lead ECGs recorded in the standard way.

Right Leg – Left Leg Reversal. The error in connecting reversally the ECG cables of the RL and LL  
electrodes does not alter the ECG because potentials recorded from the right and left legs are  
practically the same. Many such lead reversals are described earlier in this book.
Left Arm–Left Leg Reversal. This error means that lead I on the ECG is actually lead II, and lead III  
is upside down because the positive and negative poles are reversed. In addition, leads aVL and  
aVF are reversed. This type of reversal may be difficult to identify because it may not appear out of  
the ordinary except for left axis deviation, which is common in hospitalized patients. One clue is the  
appearance of a P wave in “lead I” that is larger in amplitude than in “lead II” (exchanged amplitude  
of the P waves: P wave in lead I greater than in lead II). The “lead I” P wave actually represents the  
P wave of the true lead II, which typically has the largest P wave amplitude of any limb lead.
Right Arm–Left Leg Reversal. This reversal causes lead I to be the inverse of lead II, lead II to be  
the inverse of lead I, and lead II is upside down because the positive and negative poles are reversed.

Inaccurate Lead Placement
Limb Leads

Precordial Leads

Inappropriate Serial Comparisons Using Different Lead Sets

Limb Lead Wire Reversals
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I

II

III

Superimposition of Standard ECG Leads with Telemetry Leads

Technically Unacceptable ECG Recordings

In addition, aVR and aVF are also reversed. This situation produces highly abnormal-looking  
limb leads, with leads I, II, III, and aVF being negative and aVR being upright. During sinus rhythm,  
it is very unlikely to have a QRS axis in the bizarre right superior quadrant of −90° to 180°, which is  
typical of this type of lead reversal.

Placing the telemetry electrodes on top of the ECG electrodes or vice versa is a common mistake.  
This may create a distortion of the ST segment that mimics ST-segment elevation or arrhythmias  
due to electromagnetic interference of the telemetry system on the ECG machine.

Hospitals are filled with equipment that can be a source of electrical artifact. The most common  
artifacts are caused by skeletal muscle tremor, electrical interference, and electrode movement.  
Tremor-induced artifact may mimic supraventricular arrhythmias (atrial flutter/atrial fibrillation). If  
the artifact has sufficient amplitude, it can also mimic ventricular tachycardia and ventricular fi- 
brillation. This abnormality is commonly seen in Parkinson’s disease, or when a patient undergoes  
rewarming from hypothermia. Counting the peaks of the artifact helps determine the periodicity of  
the muscle tremor. The limb which is moving can be determined from the limb leads of the ECG:  
the left arm is involved if the artifact is seen in I and aVL; baseline artifact in aVR suggests that the  
right arm may be twitching.

The precordial leads can also show tremor artifact if the pectoral muscles, intercostal muscles, or  
sternocleidomastoid muscles have tremors. Misinterpretation of tremor-induced artifact may lead  
to serious medical errors such as the initiation of long-term use of anticoagulants for pseudo-atrial  
fibrillation. In patients with severe pain or tremor or other cause of an unacceptably noisy ECG  
signal, the filter switch on the ECG machine can be used after all attempts to eliminate the inter- 
ference have failed. Temporary displacement of an electrode may cause disappearance of the  
ECG, simulating sinus arrest, but the finding of attenuated complexes before and after the artificial  
pause suggests reduced or poor contact followed by reestablishment of electrode function.

Artifactual atrial flutter (lead I) and artifactual ventricular tachycardia caused by  
tremor in a patient with Parkinson’s disease.
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ERRORS IN ELECTROCARDIOGRAPHY 2

A noisy recording should be evaluated and treated
according to the following steps

* Check that the electrode is not dry and contains gel (skin preparation is not needed 
with integrated gel electrodes which adhere well to the skin and are clean to use)

* Inspect ECG cables for proper connection and make sure they are motionless

* Inspect the cables for breaks

* Tense patients may also cause ECG artifacts

* Make sure the patient feels comfortable and is motionless

* Verify that the filter is set correctly

* Change filter setting (the clinician must ascertain whether filtering has not destroyed 
the subtle morphology of the ECG signal)

Baseline wander analysis shows low frequency activity (spectral content usually well below 1  
Hz) in the ECG which may result in inaccurate and misleading ECG interpretation. Baseline  
wander may result from various noise sources including perspiration, respiration, body  
movements, and poor electrode contact. ST-T changes in the ECG are measured with reference to  
the isoelectric line. When baseline wander is present the isoelectric line is no longer well defined  
and hence ST analysis becomes inaccurate.

When the ECG speed used is 50 mm/s instead of 25 mm/s, the tracing shows widened PR
and QRS intervals, and the patient’s heart does not tally with the ECG heart rate. One must
recognize this because the tracings are nearly always unlabeled.

Wrong speed



395
Illustrative example 1

Illustrative example 2

Illustrative example 3

A

B

Broken cable with intermittent contact

(A)  Electromagnetic interference by the mains power supply (60 Hz) without filtering
(B)  Same patient in the same situation when the filter was activated

Electromyographic interference
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ELECTROCARDIOGRAPHIC MONITORING
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Regardless of the monitoring system used, the detection of arrhythmias or ischemia  
depends on high quality ECG tracings to reduce motion artifacts. Accurate placement of  
electrodes ensures consistent ECGs available for comparison.

For bedside cardiac monitoring limb electrodes are placed on the torso to reduce muscle artifact  
during limb movement. Therefore, the right arm (RA) electrode is placed in the infraclavicular fossa  
close to the right shoulder, the left arm (LA) electrode is placed in the infraclavicular fossa close to  
the left shoulder, and the left leg (LL) electrode is placed below the rib cage on the left side of the  
abdomen. The ground or reference electrode (RL) can be placed anywhere, but it is usually placed  
on the right side of the abdomen.

Lead V1 is considered the best bipolar lead  
for diagnosing right and left bundle branch  
block, and to distinguish ventricular  
tachycardia from supraventricular  
tachycardia with aberrant ventricular  
conduction. However, standard bipolar mo- 
nitoring (using standard lead I, II or III con- 
figurations) is inadequate for arrhythmia mo- 
nitoring because a “true” V1 lead is not  
available with the system. The bipolar  
substitute for lead V1 (i.e. MCL1) has been  
shown to be superior to bipolar leads and  
differs (by being more diagnostically useful)  
from bipolar recordings in 40% of patients  
with ventricular tachycardia. Bipolar lead  
monitoring also is inadequate for ST-seg- 
ment monitoring.

The oldest and simplest of all cardiac monitoring lead systems are bipolar leads that record the  
potential difference between two electrodes. A bipolar system may use leads I, II or III with an  
indifferent ground electrode. Lead MCL1 (modified chest lead V1) was introduced in 1968. The  
MCL1 lead is created by placing the positive electrode in the 4th intercostal space to the right of the  
sternum (left leg electrode) and the negative electrode below the left clavicle near the shoulder (left  
arm electrode). The ground electrode can be placed anywhere on the body. The monitor is then set  
to lead III which provides the difference between left leg and left arm electrodes and therefore the  
difference between V1 and the left arm which is MCL1.

Simple 3-electrode bipolar lead system showing electrode placement for recording single MCL1  
lead. Positive electrode placed in V1 location and negative electrode placed in left infraclavicular  
fossa. Reference (ground) electrode shown here in V6 location; however, it can be placed in any  
convenient position.

ELECTRODE POSITIONING ON THE TORSO

BIPOLAR LEADS



397COMMON 5-ELECTRODE SYSTEM: LIMB LEADS plus 1 PRECORDIAL  
LEAD COMBINATION

REDUCED LEAD ECG

A commonly used lead system uses 5 electrodes. The 4 limb electrodes are placed in the LA, RA,  
LL, and RL positions on the torso (at the junction of each limb) so that any of the 6 limb leads can  
be obtained (leads I, II, III, aVR, aVL, aVF). This is far more convenient than applying wrist electrodes  
and it prevents loose or moving electrodes that add noise to the system. A fifth chest electrode  
can be placed in any of the standard V1 to V6 locations, but in general V1 is selected because of  
its value in arrhythmia monitoring. Cardiac monitors with this lead system often have 2 channels  
for ECG display so that 1 limb lead and 1 precordial lead can be displayed simultaneously. This 5- 
electrode lead system allows the recording of a true V1 lead, and prevents the inaccuracy  
associated with MCL1 monitoring.

An advantage of this 5-electrode lead system is that it allows the recording of a true V1 lead, and  
this prevents the inaccuracy that comes from monitoring with MCL1. A limitation of this lead system  
is that more than one V-lead cannot be recorded simultaneously. Often, more than one V-lead is  
indicated. For example, although V1 is an excellent lead for diagnosing arrhythmias with a wide  
QRS complex (bundle branch blocks, ventricular pacemaker rhythms, and wide QRS  
tachycardias), it is insensitive for detecting acute myocardial ischemia.

The use of conventional 12-lead ECG using 10 electrodes for continuous monitoring is cum- 
bersome and impractical. Reduced lead set technology derives 12 ECG leads from a smaller  
number of leads/electrodes, usually 5 or 6. Several systems are commercially available. Starting  
with lead Is and II, the remaining 4 limb leads can be calculated accurately from these leads. A syn- 
thesized 12-lead ECG that is similar but not identical to the standard 12-lead ECG can be derived.  
Derived 12-lead ECG deserves serious consideration as an alternative monitoring system  
because of its good correlation with the standard ECG. There are few circumstances that justify  
the use of reduced lead 12-lead ECGs; the convenience should be weighed by the risk of misdiag- 
nosis resulting from serial comparison of nonequivalent standard 12-lead ECGs. The lack of  
standardization of the available systems remains a problem. 

Commonly used 5-electrode lead system  
that allows for recording any of the 6 limb  
leads plus 1 precordial (V) lead. Shown  
here is lead placement for recording V1.
A limitation of this system is that only 1  
precordial lead can be recorded.

1
2
3

4

LA

LLRL

RA

C
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COMPUTERIZED ELECTROCARDIOGRAPHY

Computer-based rhythm interpretation - a standard feature of most modern ECG machines - is  
sometimes inaccurate, and without physician intervention, such errors could lead to wrong  
diagnosis. The first published reports on computerized ECG analysis emerged in the early 1960s.  
The familiar lead configuration (I-II-III, aVR-aVL-aVF, V1-V2-V3-V4-V5-V6) was introduced in  
1972. The development of signal filtering in the 1960-1970s was a crucial step in advancing  
computerized ECG analysis.

Computerized ECG analysis can be divided into three distinct stages: (1) signal processing, (2)  
measurements, and (3) interpretation. In the first stage, electrical data are acquired and converted  
from analog to digital signals. The signal is then filtered to eliminate noise. Data compression,  
transmission, and archiving are additional important aspects of digital processing. In the second  
stage, the processed signal undergoes wave recognition. In the final stage, the measured  
parameters are subjected to multiple criteria in order to arrive at the computer diagnosis.

Computerized ECG interpretation utilizes algorithms that rely on diagnostic criteria constructed by  
human experts. These criteria, in turn, are either met or not met, and do not allow for gradations.  
The inability to know the specific details of the computer algorithms represents industry-driven  
technology. The many logic systems for ECG interpretation have become proprietary information of  
manufacturers.

Although some computer programs are clearly inferior to the interpretation of cardiologists, others  
are comparably accurate. There is usually a disagreement rate of 10–15% when ECGs are  
evaluated by a computer vs. cardiologists. Of particular concern is that of the inaccurate  
interpretations: 25% may not be corrected by the ordering physician and 10% may receive  
inappropriate therapy that may include initiation of anticoagulation therapy and hospitalization.

Many junior health care workers during training are advised to fold over the computer reading at the top  
of the ECG tracing so it cannot influence their interpretation. Although this is done partly so that they  
can practice their own interpretive skills, there is also general mistrust of the computer reading.  
Because computerized ECG analysis is seldom reviewed during medical training, most physicians  
do not gain a sense of how reliable the computer reading is unless they become ECG readers.

Computerized ECG analysis should be an adjunct to, not a substitute for, physician interpretation. All  
computerized ECGs should be overread by an expert electrocardiographer. A certain level of  
interpretive skill is needed by physicians overreading the ECG if they are expected to recognize  
misinterpretations by the computer. A firm understanding of the strengths and limitations of  
computer analysis is necessary if one is to use this diagnostic tool effectively.

One of the most obvious advantages of computer analysis is the automated measurement of key  
parameters such as heart rate, PR interval, QRS duration, and QT interval. Calculation of the  
corrected QT interval and axes are also performed automatically. The QT interval is the most  
difficult measurement because of a lack of agreement in the way T-wave offset is determined; addi- 
tional errors are made if TU waves are present. For this reason, when serial QT or QTU intervals are  
being monitored during antiarrhythmic drug therapy, it is not sufficient to follow the computerized  
measurement without verifying the intervals manually in multiple ECG leads.

Computerized ECGs are useful for saving time for simple tasks such as reading normal tracings  
that constitute about 40% of ECGs in a hospital setting. There is also a theoretical benefit to rural  
physicians.

Strengths of computerized ECG analysis
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Example of measurements needed for computer diagnosis
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The more straightforward diagnoses appear to be better detected by the computer, and most time  
is saved when the ECGs are simple (normal) but tedious to read. Many ECG readers claim that a  
computer interpretation of “normal ECG” is often, but not always, correct. The computer has a high  
sensitivity of 99%, but somewhat lower specificity of 90% in diagnosing sinus rhythm. Because the  
prevalence of sinus rhythm is high, the 99% positive predictive value of a computer diagnosis of  
“sinus rhythm” supports the belief that a computer statement of “sinus rhythm” is generally  
reliable.
The most frequent errors in computer ECG interpretation are related to arrhythmias, conduction  
disorders, and electronic pacemakers. The computerized ECG functions poorly with an error of  
30–50% in the diagnosis of non-sinus rhythms. An erroneous computer interpretation of “sinus  
rhythm” may occur in 10% of non-sinus rhythms. Multifocal atrial tachycardia is often  
misdiagnosed as atrial fibrillation. The difficulty in diagnosing atrial fibrillation is one of the most  
commonly encountered arrhythmia problems with computerized ECG. Lead artifacts degrade the  
diagnostic ability of a computerized system. The interpretation of pacemaker rhythm remains  
problematic. Finally and most important, the computer readout rarely gives the physician a  
differential diagnosis indicating the probability that certain types of heart disease are present. This  
is what the clinician needs.

The time axis has been expanded during the QRS complex.
Meaning of the subscripts : A : amplitude ; D : duration ; P : peak-to-peak ; ON : onset ;
M : midpoint ; E : endpoint.
The J point is defined as the point where the slope changes from concave to convex.
Surface areas are calculated by integration.
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OTHER SITES OF ECG RECORDING 1

2

4

Right 
leg
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arm
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ECG machine

The standard ECG includes right precordial leads for the diagnosis of right ventricular infarction and  
leads V7 to V9 for the diagnosis of posterior infarction. These recording sites are part of the traditional  
ECG. However, recording the ECG away from the traditional sites may sometimes provide  
important diagnostic information.

1.  Left anterior hemiblock. Small sharp q waves that simulate an old anteroseptal myocardial  
infarction (ASMI) are sometimes seen in V2 and V3 at the normal level and in many cases if these  
leads are placed in a higher position. The q waves related to left anterior hemiblock disappear by  
recording V2 and V3 one interspace lower. In contrast the pattern of a true ASMI will remain. The  
small q waves of left anterior hemiblock correspond to the initial QRS forces directed inferiorly and  
to the right.

2. Brugada syndrome. The typical ST elevation in the right precordial leads may become evident  
or more obvious by displacing the right precordial leads 1 or 2 interspaces higher.

3. Right ventricular apical pacing. A dominant R wave in V1 placed at the correct site may occur in  
10–15% cases of uncomplicated pacing. This pattern is more common if V1 is recorded 1 or 2  
intercostal spaces higher. If the pacing lead is in the right ventricle, the dominant R wave in V1 will  
change to a negative QRS complex when V1 is recorded one interspace lower (5th intercostal  
space).

The concept of esophageal ECG is not new; numerous studies have demonstrated its usefulness  
in the diagnosis of complex arrhythmias. The close proximity of the esophageal electrodes to the  
posterior atrium and the left ventricle provides larger signals, resulting in larger P waves as well  
as an amplified QRS complex. Because the atrium is behind the ventricles relative to the chest  
wall, P waves are often obscured by ventricular electrical activity in surface ECG recordings.  
Esophageal ECG monitoring helps the diagnosis of cardiac arrhythmias for which a clearly identi- 
fiable P wave is essential. To observe a bipolar esophageal ECG, the electrodes are connected  
to the right and left arm terminals of the monitor and lead I is selected. A prominent P wave is  
usually displayed in the presence of atrial depolarization, and its relation to the ventricular  
electrical activity can be examined. A variety of electrode catheters are available as well as a pill or  
capsule electrode to swallow.

The Lewis lead configuration can help to detect atrial  
activity and its relationship to ventricular activity. A  
Lewis lead is a special bipolar chest lead with the right  
arm electrode applied to the right side of the sternum at  
the second intercostal space and the left arm electrode  
applied to the fourth intercostal space adjacent to the  
sternum. The recording can be seen in lead I. The  
arrangement is roughly perpendicular to the wave of  
atrial depolarization. Calibration should be adjusted to 1  
mV = 20 mm. This technique was described by Sir  
Thomas Lewis (1881–1945) to magnify atrial deflec- 
tions originally focusing on atrial fibrillation. The Lewis  
lead is simple to use and is useful in the diagnosis of  
atrial flutter and complex or wide QRS tachycardias by  
enhancing atrial activity.

Right-sided precordial leads at a higher or lower intercostal space

Lewis lead

Esophageal recordings
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781 766 430 609 883 797

A A AA A A A A AV V VV VV V

A

B

A

A

A

A

V

V

V
V

Optimal range 
for recording 
atrial activity

Esophageal lead

(A):  Esophageal ECG with atrial and ventricular activity  
A = atrial deflection; V = QRS complex

(B):  Synchronized surface ECG in same patient as (A)  
Vertical arrows point to the QRS complexes

Note the run of 4 atrial beats which is not seen on the surface ECG.
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His bundle recordings

The diagram represents the atrioventricular conduction system. The bundle branch system  
consists of a three-pronged system (2 on the left side and 1 on the right side). At the right side,  
the surface ECG is depicted simultaneously with a His bundle electrogram (HBE). The HBE is  
recorded near the septal leaflet of the tricuspid valve. A : reflects depolarization of the low atrium ;  
H : depolarization of the His bundle ; and V : depolarization of the upper ventricular septum. The  
AH interval reflects AV nodal conduction (normally 40–140 ms in adults), and the HV interval  
reflects conduction within the His-Purkinje system. The normal HV interval is 35–55 ms. A pro- 
longed HV interval indicates delayed conduction in all three prongs of the conduction system  
and/or the His bundle. With His-Purkinje disease the HV interval (but not the surface QRS  
complex) can either be normal or prolonged as long as one of the three prongs conducts normally.

A recording catheter is inserted percutaneously into the right femoral vein and advanced  
fluoroscopically into the right atrium. The catheter is then manipulated to the area of the septal  
leaflet of the tricuspid valve where His bundle depolarization can be recorded. Right atrial pacing  
results in progressive lengthening of the AH interval with increasing frequency but the HV interval  
remains constant at all rates. The His bundle deflection is validated by showing an increase in the  
AH interval with an increasing rate of atrial pacing. The technique is simple, reliable and  
reproducible. The His bundle potential is recorded at a speed of 100 mm/s and simultaneously  
with 3 surface ECG leads. The “V” point represents the earliest ventricular activation from the  
surface or intracardiac leads. The recording of His bundle activation of the surface ECG is  
possible but technically difficult (signal averaging) so that the noninvasive approach is not used  
clinically.

The introduction of His bundle recordings has revolutionized the field of cardiac arrhythmias and  
clinical electrophysiology. It is now possible to ablate (destroy) the His bundle by the same  
approach using radiofrequency energy. Such a procedure is used to induce complete AV block in  
patients with atrial fibrillation and rapid ventricular rates unresponsive to drug therapy. The AV  
block is then treated with a permanent pacemaker. More recently pacing techniques have been  
developed to permanently pace the His bundle or the adjacent parahisian sites with the aim of  
providing a more physiologic left ventricular activation than standard right ventricular pacing.
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500 ms
1000 ms

His bundle recording.
Surface ECG leads : I, III,  V1,  V3,  V4.
Intracardiac recordings : HRA = high right atrium recording; HISp = proximal His recording;
HISd = distal His recording.
A = atrial deflection; H = His bundle deflection; V = ventricular deflection; AH interval = 102  
ms; HV interval = 40 ms.
His bundle recordings permit a breakdown of the surface PR interval into its 3 components:  
(1) The PA interval : the interval from the onset of the P wave in the surface electrocardiogram  
to the first atrial deflection (A wave) in the His bundle electrogram. It represents the intra- 
atrial conduction time and has little clinical value.
(2) The AV nodal conduction time (AH interval).
(3) The His-Purkinje system conduction time (HV interval).
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HOW TO READ AN ECG  1

STEP 1: Clinical history

STEP 3: Rate

STEP 2: Technical quality and calibration

Rate

Normal

60–100 bpm

Slow

< 60 bpm
Bradycardia

Fast

> 100 bpm
Tachycardia

Sinus Rhythm
* mostly regular
* sinus arrhythmia
* P wave 
       - neg. in aVR
       - pos. in II, III, aVF  

25 mm = 1 s

10 mm

= 1 mV

* Verify brief history
* Compare tracing with old records (if available)
* First look: “lay of the land”

* Check technical quality
* Check paper speed (25 mm/s ?)
* Check calibration (10 mm/mV ?)

* arm lead reversal (P, QRS & T wave neg. in lead I)
* dextrocardia

if P wave is not upright in lead II consider



409STEP 4: Rhythm diagnosis

STEP 5: 

Quick and easy way

Determine QRS axis in frontal plane

* Rhythm regular or irregular? AFib (irregular), AFl (occasionally
   irregular), AV block (irregular with partial AV block)
* P waves present or absent?
* QRS narrow or wide?
* rate P: rate QRS relation? (rate P = rate QRS, rate P > rate QRS, 
   rate QRS > rate P)

Slow
< 60 bpm

Bradycardia

Fast
> 100 bpm
Tachycardia

Rhythm regular / irregular

P waves
present

P waves
absent

* Sinus brady-
   cardia
* Escape rhythm
* AV Block

* Sinus tachy-
   cardia
* Supraventric. 
   tachycardia
* Ventricular
   tachycardia

Normal
sinus

rhythm

* Aflutter
* AFib

aVR aVL

II
aVF

III

(30°)

(60°)
(90°)

(120°)

(150°)

(180°)

(- 30°)

(- 60°)
(- 90°)

(- 120°)

(- 150°)

I (0°)

Lead
I

Lead
III

(or aVF)

pos.

pos.

neg.

neg.

pos.

neg.

pos.

neg.

normal axis (–30° to +90°)

Look at lead II

lead II neg.

lead II pos.

lead II equiphasic
(R = S)

left axis
deviation

right axis deviation
 (+90° to +180°)

axis –30°

normal
axis

right superior “no mans land”
(–90° to –180°)

Abbreviations: AFib: atrial fibrillation; AFl: atrial flutter; pos: positive; neg: negative; LAH: left  
    anterior hemiblock; LPH: left posterior hemiblock

LAH : rS in Lead II and aVF and Lead III
LPH : rS in Lead I and aVL
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HOW TO READ AN ECG 2

STEP 6A: Measurement of PR interval

STEP 6B: Measurement of QRS complex: duration

PR
interval

QRS
duration

PR interval

QRS duration (QRSd)

Normal

QRSd Normal QRSd QRSd wide

0.12–0.20 s

< 0.10 s
< 0.12 s

Short PR Prolonged PR
with preserved
AV conduction

> 0.20 s
* WPW
* Low atrial rhythm
* Upper AV 
    junctional rhythm
* Normal variant

* No dropped beats:
     AVB I
* Dropped beats
* No AV conduction
     

> 0.10 s and
> 0.12 s

* Consider incom-
plete BBB

* Intraventricular
conduction disorder

* Sinus rhythm: 
RBBB or LBBB

* No sinus rhythm:
ventricular

rhythm or VT

If sinus rhythm and wide QRS, look at three leads
V1, V6 and I

< 0.12 s

A very long PR may push the P wave into the T wave where it
may not be identified



411STEP 6C: Measurement of QRS complex: voltage

STEP 7A: Look at R wave progression in precordial leads

QRS voltage 

High QRS voltage Low QRS voltage

R in I > 15 mm
R > aVL > 11 mm

SV1 + RV6 > 35 mm Amplitude of all QRS com-
plexes in limb leads < 5 mm
or < 10 mm in the precor-
dial leads

LVH * Pericardial effusion (triad
of low voltage, tachycardia,

   electrical alternans)
* Pleural effusion
* Emphysema (COPD)
* Pneumothorax
* Marked obesity
* Previous massive MI
* End-stage dilated cardio-

    myopathy
* Hypothyroidism
* Infiltrative myocardial disease

Exclude:
* Ventricular pacing (look for
   pacemaker stimuli)
* Hyperkalemia (if prolonged
   QRS)
* Look for delta wave (WPW)

The absence of LVH on ECG
means nothing, if present 
LVH is likely.

V1
V2 V3

V4
V5 V6

V1 V2 V3 V4 V5 V6

Normal R wave 
progression 

Slow R wave progression 

Thin people, athletes, and young adults frequently show tall
QRS voltage without LVH

COPD: chronic obstructive pulmonary disease;
MI: myocardial infarction; LVH: left ventricular
hypertrophy

Causes of slow R  
wave progression:
*  Anterior myocardial  

infarction
*  Incorrect lead placement  

(in obese women)
* LVH, * LBBB, * WPW
* Dextrocardia
*  Tension pneumothorax  

with mediastinal shift
* Congenital heart disease

LVH: left ventricular hypertrophy; LBBB:  
left bundle branch block; WPW: Wolff- 
Parkinson-White

.................................................
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HOW TO READ AN ECG 3

STEP 8: QT Interval 

V1
V2

QTc (s) = 
QT interval (s)

RR interval (s)

R

QT
interval

RR interval

T
P

RR
2

R

T
P

Short QTc ≤ 330 ms
Increased risk of

AF & VF

R

T
P

Normal QTc ≤ 440 ms

QT  = orrected QT intervalc c

slightly larger values are acceptable
in women

Long QTc ≥ 460 ms
If QTc ≥ 500 ms : 

high risk for EAD & 
TdP (after short-long-

short sequence)

The QT interval is a measure of ventricular action potential duration.
It decreases when the heart rate increases.

STEP 7B: Look at R wave progression in precordial leads

Reversed R wave progression 
This describes abnormal R waves in lead V1 that pro- 
gressively decrease in amplitude if the QRS is narrow. 
This pattern may occur with a number of conditions, 
including RVH, posterior (or posterolateral) MI, dextro- 
cardia (in concert with a limb lead reversal pattern), mis- 
placed leads and rarely as a normal variant. If the QRS  
is wide, a dominant R wave in V1 may be caused by 
RBBB or WPW.

MI: myocardial infarction; RBBB: right bundle branch block; WPW: 
Wolff-Parkinson-White syndrome; RVH: right ventricular hypertrophy;

Causes
* Congenital (requires family
  history)
* Acquired
     - drug toxicity
     - electrolyte imbalance

Abbreviations
EAD = early afterdepolarization 
TdP = torsades de pointes
AF = atrial fibrillation
VF = ventricular fibrillation
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 STEP 10:  P wave  

Normal
T U

T UProminent U wave

Inverted U wave

Hypokalemia

Lead II

P wave

P wave too tall
P peaked in lead II 
P > 2.5 mm in inferior leads
P > 1.5 mm in lead V1

P wave funny

II

V1

P wave negative
in inferior leads
(II, III, aVF)

II
V1

II

II II

P waves are best seen in lead II and V1

P wave too wide
Lead II ≥ 0.12 s & notched
Prominent negative ter-
minal forces in lead V1

Normal P wave * lead II ≤ 0.12 s and < 2.5 mm
                           * lead V1 biphasic

STEP 9: U wave   

* small deflection (0.5 mm), immediately following the T wave
* usually same polarity as T wave
* possibly originating from Purkinje network
* best seen in lead V2 and V3 and during slow rate

* Myocardial ischemia
* LV volume overload

LA abnormality

RA abnormality

Retrograde P wave ?  
Ectopic beat ?

Ectopic beat ?
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R

T
P

V3

V3

High amplitude
T waves

Camel hump T waves

V3

V3 V3

V3

Severe
hypokalemia

Flattened
T waves

Biphasic
T waves

Inverted
T waves

Abnormal T waves

STEP 11: T wave
Normal T wave
 * T wave same polarity as main QRS deflection
 * T wave is upright in I, II, V3 to V6
 * T wave always inverted in aVR

T wave inversion in V1 to V3
 * Common finding in children and adolescents
 * Infrequently found in healthy adults
     Is not associated with adverse outcome if T waves       

are normal in other leads

* Hyperacute T wave
 -  may be seen 5–30 min after 

onset of MI
 - broad-based T wave
 - round summit

* Hyp erkalemia (best seen in 
precordial leads)

   - narrow-based T wave
   - tenting of T wave

prominent U wave 
fused to end of the 
T wave

embedded in T wave
- sinus tachycardia
-  various types of 

heart block

Hidden P waves
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Junction
or “J” point

0 mV

- 90 mV

ST
segment

QRS complex

T wave

depola-
rization

repola-
rization

Action
poten-
tial

The diagnosis of AMI and severe ischemia depend on the 
careful assessment of the ST segment.

ST segment depression ST segment elevation

ischemia
or early MI

digitalis
effects AMI pericarditis

Scooping of the
ST segment

*  The typical ST segment duration 
is usually around 0.08 s (80 ms).

*  Usually flat and isoelectric and 
should essentially level with PR 
and TP segments.

*  The ventricles remain depolari- 
zed during the ST segment.

*  It is usually difficult to determine  
exactly where the ST segment   
ends and the T wave begins.   
Therefore the relationship between 
ST segment and T wave should be 
evaluated together.

The most important cause of ST segment 
abnormality (elevation or depression) is 
myocardial ischemia or infarction.

AMI: acute myocardial infarction

* Ischemia (most common)
* Subendocardial infarction
*  Reciprocal changes asso- 

ciated with AMI
* Drug effects

*  AMI (convex ST segment 
elevation)

* Transmural ischemia
*  Ventricular aneurysm (ST ele- 

vation does not subside after 
AMI)

* Pericarditis

Abbreviations
  MI : myocardial infarction
  AMI: acute myocardial infarction

STEP 12: ST segment
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Inferior Lateral Septal Anterior

II, III, aVF I, aVL, V5, V6 V1, V2 V3, V4

Look for reciprocal changes of ST depression in leads 
opposite the area undergoing injury

aVLaVR

aVF
IIIII

I

Ischemia
vector

Mirror-image changes do not occur in pericarditis

STEP 13: ST elevation MI (STEMI) 

ECG diagnosis of STEMI
* Limb leads: ST segment elevation ≥ 1 mm (0.1 mV)
* Precordial leads: ST segment elevation ≥ 2 mm (0.2 mV)
* Elevations must be present in anatomically contiguous leads

*  An approximation of the infarction size can be assessed from 
the extent of ST elevation.

*  Of note: Over 90% of healthy men have at least 1 mm (0.1 mV)   
of ST segment elevation in at least one precordial lead.

For example in acute transmural 
inferior ischemia, the direction of 
the ST vector faces the injured area 
(resulting in a ST elevation in leads II, 
III, aVF) while the tail of the ST vec-
tor faces anatomically opposite sites 
where it causes ST segment depres-
sion (lead aVL and lead I).

The significance of these reciprocal 
changes or mirror-images is unclear 
but they are useful diagnostically by 
providing confirmatory evidence for 
the diagnosis of STEMI. 

An acute STEMI can present with upwardly concave ST elevation, so 
the mere fact that ST elevation is upwardly concave does NOT mean  
that a condition other than ischemia is present.



417

LBBB
Paced

Rhythm
Ventricular
aneurysm

V2 V3

Evolution of STEMI

ST elevation due to ischemia or infarction: Focus on
contiguous leads and those showing reciprocal changes!

V3

1

3

2

4

long-term
changes

LVH LVH
V1 V6

S
(19mm)

R
(18mm)

S + R > 35mm

One must be well versed in recognizing the so-called ECG mimics of 
acute myocardial infarction. The development of reciprocal changes 
during STEMI helps the differentiation from the listed conditions:
ECG mimics of AMI: * Left ventricular hypertrophy (LVH)
 * Left bundle branch block (LBBB)
 * Paced rhythm
 * Early repolarization
 * Pericarditis
 * Hyperkalemia
 * Ventricular aneurysm

Sometimes the earliest 
presentation of AMI is  
the hyperacute T wave, 
which is treated the same  
as ST elevation. In prac- 
tice this is rarely seen

In the first few hours the 
ST segments usually
begin to rise

Long-term changes of 
ECG include persistent
Q waves (in 90% of
cases) and persistent
inverted T waves

Pathologic Q waves 
may appear within hours 
or may take more than  
24 hr. The T wave will 
generally become inver- 
ted in the first 24 hr, as ST 
elevation begins to resolve

Persistent ST elevation is rare except  
in the presence of a ventricular aneurysm

 Abbreviation: AMI: acute myocardial infarction

Note :
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A B C

J

D

J

E

The label of nonspecific ST-T wave abnormalities is 
somewhat vague but it does not mean it’s not important.

ECG manifestations of acute myocardial ischemia (in absence
of LVH and LBBB) according to ESC/ACC/AHA (2012 definitions)

1. ST Elevation

2. ST Depression and T wave changes

New ST elevation at the J point in 2 contiguous leads with the
following cut-points:

* > 0.1 mV in all leads except leads V2-V3 in men and women
* in leads V2-V3: ≥ 0.2 mV in men ≥ 40 years and
                            ≥ 0.25 mV in men < 40 years
* in leads V2-V3: ≥ 0.15 mV in women

Age and gender specific !

* New horizontal or down-sloping ST segment depression
    ≥ 0.05 mV in 2 contiguous leads
* and/or T wave inversion ≥ 0.1 mV in 2 contiguous leads with
    prominent R wave or R/S ratio > 1

GUIDELINES

STEP 14: Non-ST elevation MI (NSTEMI) 
* The ECG sign of non-STEMI is ST segment depression
*  ST segment depression seen in subendocardial ischemia or infarction 

can take on different patterns. The most typical is a horizontal or 
downsloping depression (A, B, C). Upsloping ST depression (D) is 
less specific.

*  Upsloping depression of less than 1 mm at 80 ms beyond the J 
point (E) is simply J point depression and not ST segment depression.

*  Depression is reversible if ischemia is only transient but depression 
persists if ischemia is severe enough to produce infarction.

*  T wave inversion with or without ST segment depression is sometimes 
seen but not ST segment elevation or new Q waves.

*  The nonspecific ST-T wave changes should be evaluated with old   
ECGs because myocardial ischemia is not a static process.
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Early Q waves

Do not overlook RV infarction

Abnormal Q waves

Definition of significant q/Q wave in myocardial infarction (MI). 
ECG changes associated with prior MI according to ESC/ACC
and AHA (2012 definitions)

* Any Q wave in leads V2-V3  ≥ 0.02 s (20 ms) or QS complex 
or
* Q wave ≥ 0.03 s (30 ms) and ≥ 0.1 mV deep 
   or QS complex in leads I, II, aVL, aVF or in  V4-V6
   or in any 2 contiguous lead grouping (I, aVL, V1-V6, II, III, aVF)
or
* R wave ≥ 0.04 s (40ms) in V1-V2 and R/S ≥ 1 with concordant
  positive T wave (in absence of conduction defect)

STEP 15: Additional information

*  In the chronic phase of myocardial infarction, Q waves are regarded 
as a sign of irreversible necrosis.

   °  However, about 50% of patients presenting within 1 hour of onset 
of ST elevation acute coronary syndrome already have Q waves 
in the leads with ST elevation, especially in the anterior leads.

   °  These Q waves may be transient and not necessarily represent 
irreversible damage. 

   °  They may represent transient loss of electrical activity in the region 
at risk (“myocardial concussion”). 

*  Thus, Q waves on presentation may reflect either irreversible damage  
and/or a large ischemic zone.

*  Request right-sided leads for the diagnosis of right ventricular (RV)  
myocardial infarction (MI) if ECGs show acute inferior MI, anterio- 
lateral and posterior MI.

*  The 12-lead ECG may suggest RV MI if the magnitude of ST elevation 
in V1 > the magnitude of ST elevation in V2.

*  The combination of ST elevation in V1 and ST depression in V2 is 
highly specific for right ventricular MI.

*  In the acute phase of myocardial infarction, ST elevation is the key 
to the diagnosis and therapy.

*  The presence of Q waves is far less important for diagnosis and 
treatment. Indeed, the early diagnosis does not depend on Q waves.

Abbreviations: LVH: left ventricular hypertrophy; LBBB: left bundle branch block 
MI: myocardial infarction
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V2

V3

Cardiac ischemia is a dynamic process with a changing ECG while
 the ECG of ER generally remains stable. A changing ECG favors
 ischemia.

STEP 16: Early repolarization
Early repolarization (ER) is defined as J point elevation with the terminal 
QRS showing either:
    * notching (a positive deflection on terminal QRS complex) or
    * slurring (on the downslope portion of the QRS complex)

Various
patterns of
early repo-
larization

The changes tend to disappear with tachycardia.

Early repolarization has recently been subject to  
much research because of the association of sudden 
death and malignant arrhythmias in patients with cer- 
tain specific ECG features.
The common form of early repolarization with a high  
ST take-off in the right precordial leads is considered  
benign and common, especially in athletes.

*  There is a typical concave upward ST segment ele- 
vation (1–4 mm), prominent symmetrical T 
waves and absence of reciprocal ST depression.

*  These features are present in at least two 
conti-guous leads.

*  It is generally a benign entity commonly seen 
in young men. The characteristics of ER may 
persist for many years. It is important to discern 
ER from ST segment elevation due to other 
causes such as ischemia.
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A Smiley face with concave ST segment 
elevation is showing a happy face because 
a concave form may be benign as in early 
repolarization.

Convex ST elevation superimposed on a 
face as before, produces a frowny sad face 
because of the poor prognosis (because of 
acute myocardial infarction).

Inferolateral Early Repolarization (ER)

   Inferolateral ER is characterized by a deflection in the R wave descent 
(slurred pattern) or a positive deflection with a secondary “r” (notching 
pattern) in the terminal part of the QRS complex in at least two inferior 
leads (II, III, aVF), in two lateral leads (I, aVL, V4 to V6) or in both.

A pattern of > 0.2 mV in two inferior (II, III, aVF) 
leads has been shown to impart a higher risk of 
malignant arrhythmia and sudden death.

*

Early repolarization > 1 mV of horizontal or des- 
cending ST segment also carries a higher risk 
of sudden death.

*

The management of asymptomatic patients with 
high risk ECG forms of early repolarization is un- 
resolved.

*
After Junttila MJ et al. 
European Heart Journal 
2012; 33 : 2639
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No specific ECG feature is indicative of heart failure

HOW TO READ AN ECG 8

STEP 17: Congestive heart failure

As congestive heart failure (CHF) is the outcome of many pathophysiologic  
disorders, the ECG may show a large variety of abnormalities. Occasionally  
the ECG is normal. However, CHF is unlikely if the ECG is entirely normal. In  
other words, a normal ECG does not rule out CHF. 

The ECG abnormalities in CHF may be seen in many disorders. They consist  
of left ventricular hypertrophy, atrial and ventricular arrhythmias,  
atrioventricular and intraventricular conduction abnormalities, evidence of  
myocardial ischemia and infarction, right ventricular hypertrophy and atrial  
abnormalities.

In CHF, peripheral edema may be associated with a decrease in amplitude  
(voltage) and duration of the QRS complex and the QT interval. These  
changes may hide important underlying abnormalities such as bundle  
branch block. The QRS and QT interval return to their baseline values when  
peripheral edema has subsided. The QRS abnormalities correlate with  
weight gain (peripheral edema). The mechanism of the attenuation of the  
ECG amplitude with peripheral edema is based on an increase in the  
electrical conductivity (i.e. decrease of resistivity) resulting in decrease of  
ECG voltage as per Ohm’s law. Thus, QRS and even P wave changes (in V1)  
can be used in the follow-up of heart failure therapy.

Atrial fibrillation is present in 25% of patients with cardiomyopathy, especial- 
ly elderly patients with severe heart failure. The prognosis is worse for pa- 
tients with atrial fibrillation, ventricular tachycardia, or left bundle branch  
block. The presence of left bundle branch block with right axis deviation  
almost always indicates the presence of cardiomyopathy. Heart failure pa- 
tients with implanted cardiac devices may show a paced rhythm with no  
diagnostic features of left ventricular function.

A prominent negative component of the P wave in lead V1 reflects elevated  
left ventricular end-diastolic pressure. The negativity may subside with the  
relatively early improvement of heart failure.
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ECG triad of congestive heart fallure
* Relatively low QRS voltage in all six limb leads (≤ 0.8 mV)
* High QRS voltage in precordial leads (S in V1 or S in V2 

    and R in V5 or R in V6 > 3.5 mV)
* Poor R wave progression with R/S ratio < 1 in lead V4

During congestive heart failure with peripheral edema
there is shortening of the QRS and QT interval.

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

The ECG triad suggestive of CHF is characterized by low voltage in the limb  
leads, and high voltage in the precordial leads, and an R/S ratio < 1 in lead  
V4. There is a modest sensitivity and good specificity. The absence of the  
ECG triad does not exclude heart failure !

ECG showing atrial fibrillation and the typical features of the  
congestive heart failure triad.
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A
AAI pacing 364–5, 364, 365
aberrant conduction 163, 334–7, 334–7

Ashman phenomenon 255, 334–5, 335
bradycardia dependent 337, 337
retrograde invasion of bundle branch 337, 337
tachycardia dependent 336, 336, 337

accelerated idioventricular rhythm 225
accelerated junctional rhythms 162
action potentials 10, 11, 80, 81, 352, 352

His-Purkinje system 121
sinus node 12, 13

acute coronary syndromes
defi nition 132, 133
nomenclature 135
normalization of ECG 149
pathophysiology 134, 134, 135
see also specifi c syndromes

aft erdepolarizations, early 299, 299
alternative recording sites 400–2, 400–4
amiodarone 353, 353, 354
anatomy/physiology 1–20

heart 86, 87
angina

Prinzmetal’s 146
unstable 144, 145, 167

anterior MI 176–83
antiarrhythmic drugs 250, 351–7

beta blockers 353
calcium channel blockers 353
potassium channel blockers 353, 353, 354
proarrhythmia 355, 356, 356
QT interval prolongation 355
sodium channel blockers 352–3, 352, 353
torsades de pointes 355, 356, 356
Vaughan-Williams classifi cation 352–3

antidromic tachycardia 319
aorta 132
aortic valve 5
arrhythmias

atrial see atrial fi brillation; atrial fl utter; atrial tachycardia
during MI 162–3, 163
heart rate determination 29
ventricular see ventricular fi brillation; ventricular fl utter;

ventricular tachycardia

wandering atrial pacemaker 210–11, 210, 211
Wolff -Parkinson-White syndrome 319
see also specifi c types

arrhythmogenic right ventricular dysplasia 296, 296
Ashman phenomenon 255, 334–5, 335
athletic heart 101, 200–1, 200, 201
atrial capture 383–4, 383, 384
atrial depolarization 89
atrial fi brillation 252–5, 252–4, 265

Ashman phenomenon 255
classifi cation 252
concealed conduction 339, 339
ECG characteristics 253
irregular ventricular rate 259
lone 253
paroxysmal 259
pathophysiology 255
regular ventricular rate 254, 254
treatment 255
and Wolff -Parkinson-White syndrome 320–1, 320, 321

atrial fl utter 244–51
antiarrhythmic drug therapy 250
artifactual 393
atypical 249
carotid sinus massage 257
concealed conduction 339, 339
diagnosis 246, 246, 247
ECG characteristics 245
reentry 244, 244
ventricular rate 248, 248, 249

atrial pacemaker, wandering 210–11, 210, 211
atrial proarrhythmia 355
atrial refractory period 367
atrial tachycardias 261–7, 263–7, 77 349

with AV block 265, 265
diagnosis 264
focal 261, 262
multifocal 266, 266
P wave morphology 262
paroxysmal 268
reentrant 261, 262
unusual 267

atriofascicular bypass 324, 324
atriohisian bypass 324–5
atrioventricular block 227–42

Index
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with atrial fl utter 249
with atrial tachycardia 265, 265
complete (3rd degree) 232, 233, 235
defi nitions 228, 229
diagnostic pitfalls 241
fi xed-ratio 2:1 232, 233, 250
hemiblock 234
Mobitz I/II (2nd degree) 228, 229, 230, 231, 236–40

atrioventricular dissociation 281, 281, 342, 342, 343
atrioventricular junctional rhythm 212, 212–15, 215
atrioventricular nodal reentrant tachycardia (AVNRT) 268–71, 268

with 2:1 block 270, 271
fast-slow form 269
slow-fast form 269
slow-slow form 269

atrioventricular node 6, 7, 163
conduction block 162
conduction disturbance 163

atrioventricular reentrant tachycardia (AVRT) 269, 272–7, 272, 273, 
275, 276

manifestations of 274
mechanism 273

atrium
abnormality 92–5, 96, 97
electrical activity 2
interatrial conduction delay 96, 97
left  see left  atrium
right see right atrium
see also entries under atrial

augmented limb leads 36, 37
autonomic nervous system 13
AV see atrioventricular
AVNRT see atrioventricular nodal reentrant tachycardia
AVRT see atrioventricular reentrant tachycardia

B
Bachmann’s bundle 89
baseline see isoelectric line
baseline wander 394
Bazett formula 79
beta blockers 353
bilateral bundle branch block 235
biphasic defl ection 55
bipolar leads 33, 396, 396
biventricular pacing 382, 382
blood circulation 4
bradycardias 162

sinus bradycardia 204
see also specifi c types

bradycardia-dependent aberration 337, 337
bradycardia-tachycardia syndrome 258
broad QRS tachycardia 254, 281, 282, 284–6, 285, 286, 288–91
Brugada algorithm 284, 285
Brugada syndrome 292–3, 292, 293

right-sided precordial leads 400, 400
bundle branch reentry 297, 297
bundle branches 6, 7

retrograde invasion 337, 337
see also left  bundle branch block; right bundle branch block

bundle of His see His bundle

C
Cabrera’s sign 160, 161
calcium channel blockers 353

calibration 408
capture beats 281, 281
cardiac cells 8–13, 8, 10, 12
cardiac glycosides, toxicity 357, 357
cardiac memory 344, 345
cardiac rotation 64, 65
cardiac ruler method 29
cardiac vectors 18, 19

ischemia 124
VI 59, 61
VM 59, 61
VT 59, 61

cardiomyopathy
hypertrophic 101
Takotsubo 149–50, 149

carotid sinus massage 256, 256, 257
atrial tachycardia 263, 265

catecholaminergic polymorphic ventricular 
tachycardia 294, 295

catecholamines 13
central nervous system disease 198–9, 198
central terminal potential 34, 35
chest leads see precordial leads
chronic obstructive pulmonary disease (COPD) 194

multifocal atrial tachycardia 266
clinical history 408
computerized ECG 398–9, 399
concealed conduction 338–9

atrial fi brillation and fl utter 339, 339
extrasystoles 339, 339
ventricular premature beats 338, 338

conduction alternans 348
conduction disturbance see aberrant conduction
conduction system of heart 6, 7, 163
congestive heart failure 422–3
coronary artery disease 132–85

defi nition 132, 132
exercise testing 161, 161
see also specifi c conditions

coronary artery dominance 153
coupling interval 220

D
DDD pacing 365–73, 366, 368–72

and atrial refractory periods 367
atrioventricular crosstalk 369, 370
fi xed-ratio block 371, 371
pacemaker-mediated tachycardia 374, 377, 386
upper response rate 371
Wenckebach upper rate response 371, 372

defl ection 44, 55
biphasic 55
equiphasic 55

delayed transition 63
delta wave 82, 83
depolarization 14, 15, 18, 19, 80
diastole

ischemia during 125, 125
ventricular 4, 5

digitalis toxicity 357, 357
diltiazem 353
disopyramide 352, 352
dofetilide 353, 353
dual chamber pacemakers 383–4, 383, 384
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E
early aft erdepolarizations 299, 299
early repolarization 189, 189–91, 420–1

athletes 200, 200
early transition 63
ECG

defi nition 2, 3
grid 24, 25
monitoring 396–7, 396, 397
registration 30, 31
see also individual waveforms

ECG machine 22, 23
Einthoven limb leads 32, 45
Einthoven, William 3
Einthoven’s law 33
electrical alternans 348, 349
electrocardiogram see ECG
electrodes

external 16, 17
placement errors 48–9, 49
positioning 396
see also leads

electrolyte abnormalities 327–31
hypercalcemia 331, 331
hyperkalemia 328–9, 328, 329, 387, 387
hypermagnesemia 331
hypocalcemia 331, 331
hypokalemia 330, 330
hypomagnesemia 331

electrophysiology 333–50
see also specifi c topics

encainide 250, 353, 353
end-diastolic PVCs 220
epsilon wave 82, 83
equiphasic defl ection 55
errors 392–5

inaccurate lead placement 392–3
superimposition of ECG leads with telemetry 

leads 393
technically unacceptable recordings 393–5, 393–5
wrong speed 394

escape rhythm 13
esophageal recording 400, 401
exercise testing 161, 161
exit block 205, 206, 207
external electrodes 16, 17
extracardiac disease 193–201

acute pancreatitis 199
central nervous system 198–9, 198
hyperthyroidism 199
hypothermia 196, 196, 197
hypothyroidism 199
pulmonary disease 194–5, 195

extrasystoles, concealed 339, 339

F
fasciculoventricular bypass 325, 325
feed-back circuit 23
fi ve-electrode system 397, 397
fl ecainide 250, 353, 353
focal junctional tachycardia 277
frontal plane 61

electrical QRS axis 66–71
leads 37, 45

P wave 88
QRS complex 60

fusion beats 281, 281, 340, 341, 365

G
gap junctions 9, 15
Goldberger limb leads 36, 45

H
heart 5

conduction system 6, 7, 163
topographical anatomy 86, 87
see also entries under cardiac

heart rate 26, 27, 28, 408
determination of 29

heart rhythm 409
see also arrhythmias

hemiblock 234
hemispheres 56, 57
hexaxial diagram 45, 46, 47
His bundle 6, 7, 163

block 235
recording 402, 402, 403

His-Purkinje system
action potentials 121
conduction disturbance 235

horizontal plane P wave 90
hypercalcemia 331, 331
hyperkalemia 328–9, 328, 329, 387, 387
hypermagnesemia 331
hyperthyroidism 199
hypertrophic cardiomyopathy 101
hypocalcemia 331, 331
hypokalemia 330, 330
hypomagnesemia 331
hypothermia 196, 196, 197
hypothyroidism 199

I
ibutilide 353, 353
idiopathic ventricular 

tachycardia 294, 295
inappropriate sinus tachycardia 260, 261
inferior MI 168–72
inferior STEMI 54, 154–5, 155
infero-posterolateral MI 174
initial heart vector (VI) 59, 61
interatrial conduction delay 96, 97
intercalated disks 9
intercostal spaces, localization of 40, 41
interventricular septum 86, 87
intraventricular conduction defects 105–22

conduction block 162
see also specifi c defects

ions 8, 9
ischemia

during diastole 125, 125
during systole 126, 127
ECG manifestations 145, 145
electrophysiology 124–7, 124, 126
examples 164–7
subendocardial 129, 129
T wave changes 128–31, 128–31
transmural 130, 130
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ischemic voltage vectors 124, 125
isoelectric line 25, 76

J
J point 76
J wave see Osborn wave
junctional tachycardia

focal 277
nonparoxysmal 277

L
LAD see left  anterior descending artery
lateral MI 157, 174
LBBB see left  bundle branch block
LCA see left  coronary artery
leads

augmented limb leads 36, 37
bipolar 33, 396, 396
frontal plane 37, 45
inaccurate placement 392–3
Lewis 400
precordial see precordial leads
reversals 50–1, 50, 51, 392–3
standard 32, 33
superimposition with telemetry leads 393
unipolar 37, 39
Wilson 38, 39

left  anterior descending artery (LAD) 132, 163
occlusion 151–3, 151–3

left  anterior hemiblock 112, 113, 119
right-sided precordial leads 400, 400
vs. left  posterior hemiblock 116, 117

left  atrium 5, 86, 87
abnormality 92, 93

left  axis deviation 70
left  bifascicular block 234
left  bundle branch block (LBBB) 108, 109, 109, 110, 111, 121

complete 234
and MI 158–9, 158, 159, 184, 185
with PVCs 222
rate dependent 120

left  circumfl ex artery (LCX) 132, 163
occlusion 155

left  coronary artery (LCA) 132
occlusion 153

left  posterior hemiblock 114, 114, 115, 119
vs. left  anterior hemiblock 116, 117

left  unifascular block 234
left  ventricle 87

hypertrophy 100, 101
pacing 381, 381

Lewis lead 400
limb leads 33, 397, 397

augmented 36, 37
frontal plane 45
inaccurate placement 392
reversals 392–3

lone atrial fi brillation 253
long QT syndrome 298, 298, 301
long-short rule 255

M
main heart vector (VM) 59, 61
MI see myocardial infarction

microprocessor 23
mitral valve 5
Mobitz I/II block 228, 229, 230, 231, 236–40
moricizine 353, 353
multifocal atrial tachycardia 266, 266
myocardial fi ber depolarization 14, 15
myocardial infarction (MI) 134, 135

anterior 176–83
arrhythmias 162–3, 163
causes 135
conditions mimicking 142
diagnosis during right ventricular pacing 160, 161
inferior 168–72
infero-posterolateral 174
lateral 157, 174
and LBBB 158–9, 158, 159, 184, 185
non-ST elevation see NSTEMI
old infarct 159, 160, 161
old terminology 135
paced rhythm 185
posterior 175
posterolateral 173
R wave progression 147, 147, 14877
and RBBB 158
right ventricular 143, 143
ST elevation see STEMI

myopotential inhibition 385, 385, 386

N
neutral plane 56, 57
nonparoxysmal junctional tachycardia 277
normal ECG 74, 75
notches 82, 83
NSTEMI 144, 145, 418

O
origin of ECG 54, 55, 58, 59
orthodromic tachycardia 319
Osborn wave 82, 83

hypothermia 196, 196
overdrive suppression 13, 341, 341

P
P wave 74, 75, 88–91, 88–90, 413

atrial tachycardia 262
frontal plane 88
horizontal plane 90
retrograde 219

pacemakers 359–89
AAI pacing 364–5, 364, 365
atrial capture 383–4, 383, 384
automatic mode switching 377–9, 377–9
biventricular pacing 382, 382
cardiac resynchronization 382, 382
DDD pacing see DDD pacing
dual chamber 383–4, 383, 384
managed right ventricular pacing 387–9, 388, 389
myopotential inhibition 385, 385, 386
nomenclature 360
power source 360
rate-adaptive 379
refractory periods 367
repetitive nonreentrant ventriculoatrial synchrony 375–6, 

375, 376
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timing cycles 366
ventricular capture 361
ventricular pacing 379–82, 380, 381, 385–6, 385, 386
VOO pacing 361, 361
VVI pacing 361, 361, 362–4, 362–4

pacemaker current 13
pacemaker-mediated tachycardia 373–5, 373, 374, 

377, 386
paired PVCs 221
pancreatitis, acute 199
parasystole 223, 223, 224, 346–7, 346, 347
paroxysmal atrial fi brillation 259
paroxysmal atrial tachycardia (PAT) 268
pericardial eff usion 191
pericarditis, acute 187–91

diff erential diagnosis 189, 189–91
ST segment elevation 188

permanent junctional reciprocating tachycardia
(PJRT) 276, 276

phase 3/4 block 121, 121
plaque, atherosclerotic 134, 134, 135
positive hemisphere 56, 57
posterior descending artery 163
posterior MI 175
posterior STEMI 156–7, 156
posterolateral MI 173
potassium channel blockers 353, 353, 354
power amplifi er 23
PR interval 76, 77, 410

prolongation 219
pre-amplifi ers 23
precordial leads 38, 39, 63, 397, 397

common recording errors 48–9, 49
inaccurate placement 392
poor R wave progression 148
right-sided 400, 400

precordial plane 62, 63
preexcitation 312, 312, 314

degree of 311
variants 324, 324
see also Wolff -Parkinson-White syndrome

premature ventricular complexes (PVCs) 164, 217–25
confi guration and morphology 222
coupling interval 220
defi nitions 218
end-diastolic 220
interpolated 219
multifocal 218
paired 221
parasystole 223, 223, 224
PR prolongation 219
“R on T” phenomenon 221
retrograde P wave 219
unifocal 218

Prinzmetal’s angina 146
proarrhythmia 355, 356, 356
procainamide 352, 352
propafenone 353, 353
pulmonary circulation 4, 5
pulmonary disease 194–5, 195
pulmonary embolism 195, 195
pulmonary hypertension 103
pulmonary valve 5
Purkinje fi bres 6, 7
PVCs see premature ventricular complexes

Q
Q wave 74, 75

abnormal 419
early 419
old MI 141
STEMI 140–1, 141
transient 140

QRS alternans 191, 348, 349
QRS axis (frontal plane) 66–71, 409

determination of 67,77 68
left  axis deviation 70
normal vs. abnormal 69
right axis deviation 71
right superior axis 71

QRS complex 74, 75, 77, 410–11
broad QRS tachycardia 254, 281, 282, 284–6, 285, 286, 

288–91
diagnosis of myocardial infarction 157
electrical axis in frontal plane 66–71
normal 58, 59, 60
special cases 82, 83

QRS interval 76
QS wave 83
QT interval 76, 77, 78, 79, 412

corrected (QTc) 79
prolongation 355

quinidine 352, 352

R
“R on T” phenomenon 221
R wave 75, 411–12

notched 82
progression 65, 147, 147, 14877
slurred 82
tall 157

“rabbit’s ears” pattern 283
rate dependent LBBB 120
rate-adaptive pacemakers 379
RBBB see right bundle branch block
reading an ECG 407–23
recording errors 48–9, 49
reduced lead ECG 397
reentry 244, 244
refractory periods 367
registration of ECG 30, 31
reperfusion 148–9
repetitive nonreentrant ventriculoatrial synchrony 375–6, 

375, 376
repolarization 80, 81

alternans 348
early 189, 189–91, 200, 200, 420–1

resting membrane potential 9
resting potential 10, 11
right atrium 5, 6, 86, 87

abnormality 94, 95
enlargement 194

right axis deviation 71
right bundle branch block (RBBB) 106, 107,

110, 111
athletes 200
complete 234
incomplete 118
with left  hemiblock 119
and MI 158
with PVCs 222
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right coronary artery (RCA) 132

occlusion 154, 154, 155
right ventricle 6, 86, 87

arrhythmogenic dysplasia 296, 296
hypertrophy 102, 102, 103
infarction 143, 143, 419

right ventricular pacing
managed 387–9, 388, 389
MI diagnosis during 160, 161
right-sided precordial leads 400, 400

right-sided precordial leads 400, 400
RR interval 76, 77

S
S wave 75

notched 82
slurred 82

SA see sinoatrial
safety grounding 23
secondary pacemakers 13
semipermeable membrane 9
short QT syndrome 302, 302
sick sinus syndrome 258, 258, 259
sinoatrial block 204–7

exit 205, 206, 207
Wenckebach 163, 205, 206, 207, 77 208–9

sinoatrial node 89, 163
supraventricular tachyarrhythmias 260, 260, 261

sinus bradycardia 204
sinus node 6, 7

action potential 12, 13
dysfunction 203–12

sinus pause/arrest 205, 207
sinus tachycardia 204, 260, 261

inappropriate 260, 261
reentrant 260, 261

sodium channel blockers 352–3, 352, 353
Sokolow index 100
sotalol 353, 353
spontaneous depolarization 13
ST segment 76, 77, 415

alternans 348
depression 144, 145, 201
STEMI 136
total shift  127
unstable angina 146–7

ST segment elevation 145, 145, 162
acute pericarditis 188
early repolarization 189, 189–91
persistent 148
and reperfusion 148–9

standard leads 32, 33
STEMI 136–43, 416–17

anterior 150–1, 151
ECG diagnosis 137, 137, 138,7 138
inferior 54, 154–5, 155
LAD occlusion 151–3, 151–3
LCA occlusion 153
localization of 150–1, 150, 151
posterior 156–7, 156
Q wave 140–1, 141
reciprocal changes 138–9, 139
ST segment elevation 136
T wave 136, 143

subarachnoid hemorrhage 198–9, 198
subendocardial ischemia 129, 129
supraventricular tachyarrhythmias 162, 260–7, 277

atrial tachycardia 261–7, 263–7
sinoatrial node 260, 260, 261

syncytium 9, 15
systemic circulation 4, 5
systole, ischemia during 126, 127
systolic overload 100, 101

T
T wave 74, 75, 81, 414

alternans 301, 348
inversion 147, 201
ischemic changes 128–31, 128–31
polarity and morphology 80
STEMI 136, 143
variability 81

tachycardias
antidromic 319
atrial 243–77, 263–7, 77 349
AVNRT 268–71, 268
AVRT 269, 272–7, 272, 273, 275, 276
pacemaker-mediated 373–5, 373, 374
sinus tachycardia 204
supraventricular 162, 260–7, 277
ventricular 164, 279–303, 307
wide complex see wide QRS tachycardia
see also specifi c types

tachycardia-bradycardia syndrome 258
tachycardia-dependent aberrancy 336, 336, 337
Takotsubo cardiomyopathy 149–50, 149
technically unacceptable recordings 393–6, 393–5
terminal heart vector (VT) 59, 61
time interval 26, 27, 28
“tombstoning” STEMI 138, 138
torsades de pointes 300, 300, 301

antiarrhythmic drugs 355, 356, 356
short-coupled variant 303, 303

transmural ischemia 130–1, 130, 131
tricuspid valve 5
trifascicular block 235
twelve-lead ECG 42, 43

U
U wave 74, 75, 78, 79, 413

alternans 348
unipolar leads 37, 39
unstable angina 144, 145, 167

ST segment 146–7

V
vagal tone in athletes 201
Vaughan-Williams classifi cation of antiarrhythmic drugs 352–3
ventricle

electrical activity 2
left  see left  ventricle
right see right ventricle

ventricular capture 361
ventricular depolarization 18, 19
ventricular diastole 4, 5
ventricular fi brillation 164, 306, 307–9
ventricular fl utter 306, 307
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ventricular fusion see fusion beats
ventricular pacing 379–82, 380, 381

electrical complications 385–6, 385, 386
right ventricle see right ventricular pacing

ventricular premature beats 338, 338
ventricular proarrhythmia 355
ventricular pseudofusion 365, 365
ventricular systole 4, 5
ventricular tachycardias 164, 279–303, 307

arrhythmogenic right ventricular dysplasia 296, 296
AV dissociation 281, 281
broad QRS complex 281, 282, 284–6, 285, 288–91
Brugada algorithm 284, 285
Brugada syndrome 292–3, 292, 293
bundle branch reentry 297, 297
catecholaminergic polymorphic 294, 295
characteristics 280–2
concordant pattern 282
defi nition 280
early aft erdepolarizations 299, 299
fascicular 284
frontal plane axis 282
fusion and capture beats 281, 281
idiopathic 294, 295
long QT syndrome 298, 298, 301
polymorphic with cardiac ischemia 303, 303
“rabbit’s ears” pattern 283

scar-related 287, 288
short QT syndrome 302, 302
torsades de pointes 300, 300, 301, 303, 303

verapamil 353
VOO pacing 361, 361
VVI pacing 361, 361, 362–4, 362–4

interval terminology 362–3, 363

W
wandering atrial pacemaker 210–11, 210, 211
wavefronts, spread of 80
Wenckebach block 163

with atrial tachycardia 265, 267
AV node 228, 229
SA node 205, 206, 207, 77 208–9

Wenckebach upper rate response 371, 372
Wilson central terminal 34, 35
Wilson leads 38, 39
Wolff -Parkinson-White syndrome 272, 312, 312, 314

accessory pathways 315, 316, 317, 322,77 322, 323
arrhythmias 319
associated fi ndings 311
and atrial fi brillation 320–1, 320, 321
ECG characteristics 312–13, 313, 318–19
mechanism 312
mortality 323
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