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Abbreviations

A-V: atrio-ventricular
AES: atrial extrasystole
Afib: atrial fibrillation
AFL: atrial flutter
Ao: aorta
ARVD: arrhythmogenic righy ventricle dysplasia
ASF: anterosuperior fascicle
ASFB: anterosuperior fascicle block
AVB: atrio-ventricular block
AVN: atrio-ventricular node
CL: chest leads
CT: common trunck
CXA: circumflex artery
ECG: electrocardiogram
IAB: interatrial block
IAS: interatrial septum
IVC: inferior vena cava
IVS: interventricular septum
JES: junctional extrasystole
LA: left atrium
LAD: left anterior descending artery
LBB: left bundle branch
LBBB: left bundle branch block

LCA: left coronary artery
LPD: left posterior descending artery
LV: left ventricle
PA: pulmonary artery
PIF: posteroinferior fascicle
PIFB: posteroinferior fascicular block
PPCI: percutaneous primary coronary intervention
PV: pulmonary vein
RA: right atrium
RBB: right bundle branch
RBBB: right bundle branch block 
RCA: right coronary artery 
RV: right ventricle
SAB: sinoatrial block 
SAN: sinoatrial node
SL: standard leads
STEMI: ST-segment elevation myocardial infarction 
SVT: supraventricular tachycardia
SVC: superior vena cava
VES: ventricular extrasystole
VF: ventricular fibrillation
VT: ventricular tachycardia
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Chapter I
Notions of electrophysiology



The heart is an electric pump: through the atria it aspirates the blood from
the lungs (left atrium) and from the systemic venous circulation (right
atrium) and through the contraction of the ventricles it distributes the blood
in the systemic arterial circulation (left ventricle) and in the pulmonary
circulation (right ventricle).

To perform their pumping function, the atria and ventricles must function
asynchronously: when the atria contract (atrial systole) the ventricles relax
(ventricle diastole) to receive the pumped blood from the atria. Conversely,
when the ventricles contract (ventricular systole), the atria relax (atrial
diastole) to aspirate blood from the systemic venous circulation and the lungs,
respectively.

At the heart level there are two types of cells:
1. Automatic cells (pacemaker cells). They are able to emit and conduct

electrical stimuli.
2. Non-automatic cells (working myocardial fibers) that contract when

they receive the electrical stimulus from the pacemaker cells.

RA= right atrium; LA=left atrium; IVC=inferior vena cava; SVC=superior vena cava; RV=right ventricle; PV=pulmonary veins; LV=left ventricle.

RA

LA

RV

LV

SVC

IVC

PV PV

PV
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I.1. The excito-conductor system



Sinus node

Internodal
fascicles
-anterior
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-posterior

The interatrial 
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fascicle

The excito-conductor system of the heart consists of cells
that can emit and conduct electrical stimuli very fast
(automatic cells, "pacemaker” cells). They are grouped into two
nodules (SA node - SAN- and AV node - AVN) and pathways
(branches and fascicles).

I.1.1. The sinus node (sinoatrial node - SAN, Keith-
Flack node ) is an agglomeration of several thousand cells (of
which 1% are P cells, "pacemaker") covering an area of 15/3 mm
on the posterior wall of the RA, at the junction with
SVC. Around the P cells are the T cells that make the transition
between the P cells and the atrial myocytes. The SAN is the
dominant pacemaker of the heart. At rest it emits stimuli with a
frequency between 60-100/min. However, the pacemaker
activity is not homogeneous in the SAN but hierarchized from
the upper pole (higher frequency) to the lower pole (lower
frequency) of the SAN.

I.1.2. The atrioventricular node (AVN, Aschoff-
Tawara) has the size of 3/6 mm. It is located near the A-V
junction, in the lower part of the IAS, on the face from RA,
anteriorly of the coronary sinus and immediately above the
insertion of the septal cusp of the tricuspid valve. AVN has a
compact area, lower extensions and is not homogeneous
electrically and functionally but has three regions: the upper
(atrio-nodal, AN); the N (nodal) region and the NH (nodo-
hisian) region. AVN P cells are not located in the central area
but in the upper and lower junctional areas. Their automaticity
is 40-60/ min.

In the central area there are non-automatic cells, which
conduct slowly and are difficult to stimulate electrically.

Right 
bundle
branch

Left
posteroinferior

fascicle

Left 
bundle
branch

HIS
bundle

“Mid-septal”
fascicle

Atrioventricular 
node

Chapter I. Notions of electrophysiologyECG – nothing easier!

12



The AVN functional inhomogeneity induces two particularities:

1. Functional duality of AVN: two parallel pathways with different electrophysiological
properties are described:

-A pathway (a): conducts slowly and has a short refractory period (slow path);
-B pathway (b): conducts faster and has a long refractory period (fast path).

Normally, the stimulus from the SAN propagates through AVN in both pathways, (a) and (b). But,
given the higher conductivity of the (b) path, the stimulus will propagate to the ventricles on this
path while, in (a) pathway the wave front descends slowly. From the lower part of the (b) path
the stimulus will propagate both towards the ventricles and back, retrogradely, through the (a)
pathway toward the atria. This last wave will meet somewhere on the (a) pathway the wave
running down, anterograde, from the upper AVN. The two wave fronts (ascending and descending
ones) will collide inside the (a) path cancel each other out.

2. Delay in the propagation of the stimulus from the atria to the ventricles. In
this way the functional asynchrony between the atria and the ventricles is achieved (when the
atria are in systole, the ventricles must be in diastole, in order to receive the pumped blood from
the atria. When the ventricles are in systole the atria must be in diastole to be able to aspirate
blood from the IVC, SVC and the pulmonary veins).

Atria

AVN

A(a) path
(slow)

B(b) path
(fast)

Ventricles
Functional duality of the AVN
(C=conductivity; R=refractory period)

1.1.3. Internodal fascicles. Classically, the stimulus emitted by the SAN is considered to propagate to the AVN through the atrial myocardial 
mass. However, there are data indicating the existence of three internodal fascicles. They would not have an anatomical substrate but a functional 
one due to the different properties of the myocytes that are part of them (higher conduction velocity).

- anterior internodal fascicle (Bachmann), which also has a division for the left atrium (interatrial bundle);
- middle internodal fascicle (Wenckebach);
- posterior internodal fascicke (Thorel).

C  R C  R

Chapter I. Notions of electrophysiologyECG – nothing easier!

13



1.1.4. The bundle oh His is a lower extension of the AVN. Composed of parallel cells separated by connective tissue and having a length
of about 2 cm, the His bundle extends on the subendocardial face of the right side of the IAS to the left until it enters the IVS near the
connection between its muscular and fibrous portion.

1.1.5. Intraventricular conduction pathways: His bundle divided into:

- The right bundle branch (RBB) (for RV) descends on the right side of the IVS to the level of the anterior papillary muscle and the
apex of the right ventricle after which it divides into small Purkinje branches on the subendocardial face of the RV and IVS. The RBB is
located immediately subendocardial on its proximal and distal thirds while the middle third is intramyocardial. This specific location
explains why increases in right intraventricular pressure (eg in the acute pulmonary embolism or heart failure) or mechanical pressure of the
interventricular septum (right cardiac catheterization) can induce right bundle branch block.

- The left bundle branch (LBB) (for LV). It divides almost immediately after its origin into three fascicle:
-the anterosuperior fascicule (ASF). It is a thin, long bundle that extends below the aortic valve into the left ventricular outflow

tract;
- the posteroinferior fascicle (PIF). It is a short, thick bundle that extends predominantly into the inflow tract of the

LV;
- the middle fascicule (septal fascicle, in 60 % of the population), which can originate directly from the His bundle, but also

from ASF, PIF or even from both bundles.
- the Purkinje fibers (cells) make the junction between the working ventricular myocardial fibers and the intraventricular conduction

pathways. They spread in the myocardium from the subendocardial face to the epicardium. Given that these fibers conduct the impulse very fast,
the subendocardial activation of the heart is significantly faster compared to the subepicardial area which is activated by myocytes.

Chapter I. Notions of electrophysiologyECG – nothing easier!
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I.2. The resting membrane potential

The cell membrane has a dynamic selective permeability. Through this dynamic permeability it ensures the uneven distribution of ions on both
sides of the membrane at a given time. This uneven ion distribution determines the value of the membrane's electrical potential at a given time.

•Ions channels 

•Ions pumps

•Ions exchange

a). voltage dependent (active/inactive at certain        
values of the membrane potential). 
b). receptor dependent (adrenergic/cholinergic)

Na+/Ca++ (1/3)
Na+/H+ (1/1)

Na+/K+ (3Na+/2K+) – ATP dependent

The migration of ions on either side of the cell membrane is performed in three ways:
ion channels, ion pumps and ion exchanges.

Voltage-dependent ion channels: "open"/"close" at a certain value of the transmembrane potential. Example:

- Na+ channels “open” to a membrane potential of –60 mV and “close” to a potential of +30 mV.
- Ca2+ channels are of two types:

- T channels: “open” –60 mV.
- L channels: “open” to –30 mV.

Chapter I. Notions of electrophysiologyECG – nothing easier!
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The resting membrane potential of a
Purkinje cell or of a working ventricular
myocardial cell is - 90 mV.

+ + + + + + + + + + + + 
K+

R - COO -
- 90 mV

- - - - - - - - - - - - - - -

The electropositivity on the external side and the electronegativity on the internal one are achieved by the unequal distribution of ions on the two
sides, as follows:

1. intracytoplasmic proteins, having large dimensions, cannot cross the cell membrane. They are deposited along the inner side of the
membrane contributing with their carboxyl groups (R -COO- ) to the electronegativity of this side.

2. At rest, the only open channel is a K+ channel. As a result, K+ migrates out of the cell, according to the concentration
gradient. However, extracellular K+ will remain on the external side, being attracted by the relative electronegativity of the internal
side. The electropositivity on the outer side of the membrane is therefore due to K+.

3. the migration of positive charges (K+ ) outside the cell has as a consequence the reduction of the number of positive charges along the
internal side and the increase of the number of these charges on the external side. In other words, the cell membrane becomes more positive on
the external side and less positive on the internal side. This is how the transmembrane electrical gradient appears.

At rest, the membrane appears charged negatively on the internal side and positively on the external side. The potential difference between
the two sides differs from one group of cells to another. For example, in resting Purkinje cells, this rest membrane potential is -90 mV.

Chapter I. Notions of electrophysiologyECG – nothing easier!
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4. the extracellular migration of K+ stops when the electropositivity on the external side has reached such a level that it “rejects” the coming
of other positive charges. The potential difference that is now recorded between the two sides of the membrane is therefore the equilibrium
potential of K+ on either side of a semipermeable membrane.

The equilibrium potential of any ion can be calculated by the Nernst equation. The value calculated for K+ is -95mV, so very close to that
measured with a galvanometer. The difference between the measured and the calculated value is due to small transmembrane migrations of Na+ and
Cl-. If these migrations are also taken into account, then the value of the transmembrane potential can be calculated by the Goldman-Hodgkin-Katz
equation and the result will be -90mV.

Do not forget! K+ is the one on which the value of the membrane potential depends!
At rest we say that the cell membrane is POLARIZED

Nernst equation

E = the value of the equilibrium potential
R = constant derived from the gas law
T = temperature
F = Faraday constant
[K2], [K1] = ion concentration in each of the
two separated compartments of the
semipermeable membrane

PK, PNa, PCl = transmembrane permeability for K+, Na+, Cl-

[K]o, [Na]o, [Cl]o = extracellular concentration of K+, Na+, Cl-

[K]i, [Na]i, [Cl]i = intracellular concentration of K+, Na+, Cl-

PK [K]o + PNa[Na]o + PCl[Cl]iRT

F
Vm ln

PK [K]i +  PNa[Na]i +  PCl[Cl]o

Goldman-Hodgkin-Katz equation
K+

Na +

Cl -

Ca++

- 95mV

+	60mV

- 83mV

+129mV
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I.3. The threshold potential 

To contract. a muscle fiber must be "awakened" (excited/activated). For this, its resting potential must be brought to 
the level of the action potential. There is a certain threshold from which a response of the muscle cell is obtained. If this 
threshold did not exist, any stimulus, no matter how small, would cause the fiber to contract and the heart to contract 
continuously (tetanize).

For myocardial fiber, the threshold potential is around -60mV. It is the potential value at which the Na+ channels 
open.

Heart cells are divided into two groups depending on how the transition from resting potential to threshold potential is 
achieved:

1. Pacemaker (automatic) cells. They are able to change their membrane potential on their own from the level of 
membrane potential to the threshold potential. They are grouped in the excito-conductor system.

2. Non-automatic cells (working myocardial fibers). They change their membrane potential only when they receive 
an external stimulus. This stimulus can be physiological (the stimulus coming from a pacemaker cell) or artificial (the 
stimulus coming from an artificial pacemaker).

Chapter I. Notions of electrophysiologyECG – nothing easier!

18



Membrane
potential

Threshold
potential

I.4. The action membrane potential  
Once the threshold potential is reached, the myocardial fiber is excited (becomes active) and contracts. This process is performed in the

cells of the atrial/ventricular myocardium and in the Purkinje cells through five phases, each being the result of successive migrations of ions
through the cell membrane. The graphical recording of the variation of the membrane potential (mV) as a function of time (msec.) creates the
action potential curve. Below you can see this curve for the action potential of the Purkinje cells:
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ARP=absolute refractory period; RRP=relative refractory period; SNP=supranormal period

Phase 4 (spontaneous diastolic depolarization): membrane potential increases from - 90 mV to -60mV (the threshold potential). Mechanism -
practically unknown (mixed influx of K+ and Na+ ) The spontaneous diastolic depolarization current is called If (“funny current”) and is 

specific to pacemaker cells. Myocardial working cells do not have phase 4.
Phase 0 (rapid depolarization ): at - 60 mV the Na+ channels open wide. Na+ enters the cell rapidly due to the concentration gradient. Effect: the 
internal side of the membrane becomes more electropositive compared to the external one and the electric charge of the membrane is reversed (it 
practically becomes negative on the outside and positive on the inside). Effect: the membrane potential increases instantaneously from –6o to + 20-
25 mV (the value of the action potential). Cell excitation is performed.

Chapter I. Notions of electrophysiologyECG – nothing easier!
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Particularities

The morphology of phase 0 differs in different groups of cells depending on the potential difference between the membrane potential and 
the threshold potential. The larger the difference, the more active the Na+ channels are. As a consequence, the speed and amplitude of phase 0 will 
be higher and the resulting impulse will be able to propagate over a greater distance. And vice versa.

1.1. The largest differences between the membrane potential and the threshold potential are in the fibers of the working myocardium in the 
atria, ventricles and Purkinje cells. Consequently phase 0 of these cells is very fast and extensive.

1.2. In pacemaker cells the membrane potential and threshold potential are higher - K+ channels being slower. Thus, the resting membrane 
potential in the pacemaker cells of the sinus node is -60mV and the threshold potential is -35mV. At these potential the Na+ channels are closed and 
the Ca2+ channels open. For this reason, phase 0 of the pacemaker cells is performed by the migration of Ca2+ into the cell and not by that of 
Na+. Ca2+ channels are slower than Na+ channels, which is why the phase 0 slope of these cells is slower.

Phase 1: (slight repolarization): at + 25-30mV a K+ channel opens (“transient outward K-selective current =ITo1 ). K+ leaves the cell to a small 
extent attenuating the impact of Na+ input .
Phase 2 (plateau): the recorded value of the potential remains in the “plateau” by transmembrane migration in equivalent quantities and in 
the opposite direction of Ca2+ and K + on specific channels that open as follows:

- Ca2+ influx (“Inward calcium current - ICa ”) on the slow Ca2+ channels (L channels)
- K+ efflux (“Delayed rectifier potassium outward current - IK

” ).
NB. During the second phase, myocyte contraction occurs (Ca2+ facilitates the coupling of actin with myosin).
Phase 3 (repolarization): Ca2+ channels close, K+ channels remain open. K+ exits the cell counterbalancing the Na+ input in phase 0. In this way 
the membrane potential returns toward the resting potential. At the end of phase 3, the ATP dependent Na+ / K+ pump will restore the resting 
transmembrane ionic balance by removing the Na+ entered in phase 0 and reintroducing the K+ exiting in phase 3.

Chapter I. Notions of electrophysiologyECG – nothing easier!
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The action potential curve of the 
SAN pacemaker cells

2. The morphology of phase 2 differs from one group of cells to another depending on the 
ICa /IK ratio.

2.1. Phase 2 is a very short one in pacemaker cells because the Ca2+ channels close quickly (so 
ICa is short). These cells generate electrical impulses only and do not contract.

2.2. Phase 2 is a long one in working myocardial cells because in this phase muscle contraction 
occurs.

3. SAN overdrive suppression. At high frequencies of discharge of the SAN the slope of phase 4 
becomes slower, flattens, moves "to the right". This reduces the frequency of SAN discharges. This 
phenomenon is mainly due to the intervention of the Na+/K+ pump. At very high frequencies, the 
intracellular medium is overloaded with Na+. In parallel, K + accumulates on the outer side of the 
sarcolemma. Both changes lead to intense activation of the Na+/K+ pump which will accelerate the 
removal of Na+ out of the cell and the reintroduction of K+. The realization of the resting membrane 
balance will take, in these conditions, a longer time which leads to the flattening of phase 4.

4. There are differences between the action potential curve of the subepicardial, myocardial
and subendocardial myocites (both in the atria and in the ventricles) due to the different density
of different ion channels.

a). There is a density gradient of Ito1 from epicardium to endocardium. As a result, phase 1 is
ample in the subepicardial myocytes, less extensive in the middle area of the myocardium and
practically absent in the subendocardial myocytes.

b). The output current from phase 1 (Ito) is more intense in the epicardial myocytes so the
potential reaches below 0 mV. As a result, the aspect of the action potential curve is of the “spike
and dome” type in this area. In myocardial and subendocardial myocytes, the output current from
phase 1 is a small reason why the action potential curve acquires a “square root” appearance .

c). There are variations in Iks, (slow K+ channels-see I.6.) densit. Their lowest density is in the
middle myocardial area. For this reason, the duration of the action potential is longer in the middle
areas of the myocardium, this particularity being more accentuated at lower heart rates and under
the action of class III antiarrhythmic drugs (sotalol, amiodarone). Transmyocardial inhomogeneity
of the action potential translates into transmyocardial variation (dispersion) of repolarization

The action potential curves of the endocardium cells 
and epicardium cells, respectively (“square root” vs 

“spike and dome”, respectively)

Endocardium

Epicardium
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5. Refractory periods.
a). Absolute refractory period (ARP). The myocardial fiber is completely refractory to any stimulus as long as its potential is close to 

the value existing in phase 2. At this level, the Na+ channels are completely inactive and no new depolarization can occur (a new phase 0).
b). Relative refractory period (RRP). In areas of the action potential above the threshold potential level, the application of a stimulus 

may be followed by a new depolarization (a new phase 0) provided that its intensity is stronger than that required to trigger an action potential 
starting from the level of the normal membrane potential. On the one hand, Na+ channels are partially active in this area. On the other hand, the 
area of RRP is on phase 3, a phase in which there is an efflux of K+ . Therefore, a sufficiently strong stimulus is needed to overcome this force and 
open the Na+ channels to obtain a response. However, the new stimulus will be slower and have a smaller amplitude.

c). Effective refractory period (ERP): the time that elapses from the onset of the action potential to the time when a new stimulus can 
trigger a new impulse.

d). Supernormal period (SNP). In Purkinje fibers and, in certain circumstances, in the fibers of the working myocardium, there is a 
short period of time, at the end of phase 3 in which the cell is more excitable than at full rest. The impulse required for cell depolarization is 
therefore weaker than that required for depolarization starting from the normal membrane potential.

6. Hierarchy of automation along the excitoconductor system (see next page).
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I.5.Hierarchy of automatism in the excito-conductor system

The automatism of the pacemaker cells is hierarchically descended
within the excito-conductor system.

Thus, under normal conditions, the SAN pacemaker cells discharge
stimuli with a rate between 60-100/min. at rest.

The automatism of the cells of the atrioventricular junction is
limited to a rate of 40-60/min. while the automatism of the Purkinje
cells is limited to a rate of 20-40/min.

This hierarchy is the result of the difference of the spontaneous
diastolic depolarization rate (speed/slope of the phase 4 of the action
potential). The SAN pacemaker cells have the fastest spontaneous
diastolic depolarization (the fastest phase 4) followed by the AVN, RBB,
LBB and the Purkinje pacemaker cells. Due to the higher automation of
the SAN, the impulse generated by it will permanently discharge the
AVN and Purkinje cells before their spontaneous diastolic depolarization
reaches the threshold potential (“overdrive suppression”).

That is why the SAN is the dominant pacemaker and the AVN, RBB, LBB
and Purkinje cells are the latent (escape) pacemakers. When the SAN is
depressed the AVN takes over the cardiac automatism but with its own
rate of 40-60/min. In case the AVN automatism is also depressed or in
case of atrioventricular blocks, Purkinje cells take over the ventricular
automatism but with their rate of discharge of 20-40/min.

60-100

40-60

20-40
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I.6. Types of potassium channels and their participation during the action potential
There are several types of K+ channels that
open during phase 2 and 3 of the action
potential.
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It can be seen that pacemaker cells in the SAN and AVN do not have phase 1 and 2. They 
are cells that must emit stimuli and NOT contract. They use Ca2 + channels for phase 0.
The myocardium of the working myocardium, on the other hand, has a broad phase 2. It 
is the phase in which the excitation is coupled with the contraction and the contraction 
itself.
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Inter- and intracellular propagation of the electrical impulses is achieved through:

1.5.1. Gap junctions are practically pores with large diameter (16Å), relatively low ionic selectivity and low electrical resistivity. They are 
located in the intercalary discs, discs that represent longitudinal connections between myocardial cells.

1.5.2. T-tubes are structures that send pulses across the cell.

The repolarization of the cell membrane is done in the opposite direction compared to the depolarization (it begins in the farthest place where it 
has reached depolarization and goes to the place of origin of the depolarization).

I.7. Intra-myocardial propagation of the electrical impulses

Depolarised cell in
refractory period

Active cell
in depolarization

Cells in rest

Gap junctions

D  E  P  O  L  A  R  I  Z  A  T I O N

R  E  P  O  L  A  R  I  Z  A  T I O N
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ECG is a the graphical recording of the dynamics of the
myocardial potential. The P wave is the expression of atrial
depolarization, the QRS complex is the expression of ventricular
depolarization (phase 0) and the T wave corresponds to
ventricular depolarization (phase 3) (figure A and chapter II).

At rest, the membrane potential of Purkinje cells and the
working ventricular myocardium is -90 mV. The curve of the
action potential is the one in figure B with the differences
between the curves in the subendocardial area compared to the
subepicardial one (see chapter I).

Normally depolarization begins in the subendocardial area
(Figure C). By the rapid entry of Na+ into the cell (phase 0) the
membrane becomes more positive on the inside and less positive
on the outer side. Basically, it becomes negative on the external
side in relation to the subendocardial area that is still at
rest. Thus, there is a difference in endocardial-epicardial
potential and a current that moves from minus to plus,
respectively from the endocardium to the epicardium. An
electrode attached to the epicardium will record this vector as
coming at it. That is why it will record a positive wave (P for atria
and positive QRS complex - for ventricles).
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I.8.  Normal myocardial depolarization and repolarization

A

B

C

Normal repolarization begins faster in the subepicardial area (see above for potential
curves). Consequently, a repolarization current will be created from the epicardium to the
endocardium. However, the repolarization vector will also be oriented from the endocardium to
the epicardium because the subepicardium becomes positive first while the endocardium is still
negative. By repolarization the positive charges move from the epicardium to the
endocardium. Electrocardiographically the vector will be directed from negative to positive., so
also with the tip towards the epicardial electrode. As a result, it will record a new, slower
positive wave (because repolarization is slower). This will be the T wave which, therefore,
normally coincides with the QRS complex on the same side of the isoelectric line.
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II.1.Vector representation of the intra-myocardial propagation of
electrical impulses

The myocardial depolarization front leaving the SAN propagates in
dominant directions which can be summarized in the following
vectors which, in the frontal plane, have the approximate orientation
of the adjacent figure:

II.1.1. Depolarization of atria:
-1. Depolarization vector of the right atrium (RA is depolarized first,

before the LA);
-2. Depolarization vector of the left atrium (LA).

By composing the two vectors, the general orientation of the atrial
depolarization front is obtained (atrial electric axis, respectively the
atrial vector in red in the attached figure). Its orientation is from
right to left, up to down and from behind to forward.

II.1.2. Depolarization of the ventricles develops in the
following order represented by five vectors:
1. Interventricular septum (IVS)
2. Right ventricle (RV)
3. Apex of the heart (Apex)
4. Free wall of the left ventricle (LV)
5. Left ventricular base

By composing the five vectors their general orientation (electrical axis of the 
heart, respectively) is obtained. It is orientated from right to left, from up to 
down and from behind to forward.

RA

LA

IVS
1

LV base

RV
2

Apex

LV

3

4
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II.2. ECG leads
II.2.1.Why do we need (more) ECG leads?

Imagine you see a beautiful Porsche care! Seen from the front it looks
impeccable! From this position, however, you cannot see that the car is actually
hit in the back. You only notice this when you get in the back. So when you
changed your point of view. But even from there you can't see that the right rear
door is also hit. You need to reach there to see the "lesion." Thus, looking at the
car from several points of view (”leads") its real image becomes completely
different from the "impeccable" appearance suggested at first glance.

We do the same thing when we go to the market: we turn the product (let’s
say an apple) so that we can see it on all sides. We can thus discover vices that
would have escaped the gaze of a single angle.

With a heart we cannot do the same thing directly. But we can surround it
with a network of electrical cables (”leads") that capture variations in the
electrical potential of the heart and send them to some recording pens. The pens
will move up or down on a graph paper that scrolls under them at a constant
speed. The ECG is nothing more than a graphical record of these potential
variations.

II.2.2.ECG leads: the standard ECG is recorded in 12 leads: 6 in the frontal
plane and 6 in the transverse plane.

II.2.2.1. Bipolar limb leads (frontal plane): are obtained by placing
electrodes as follows:

- DI : negative pole on the right arm, positive pole on the left arm.
- DII : negative pole on the right arm, positive pole on the left leg.
- DIII : negative pole on the left arm, positive pole on the left leg. These three

leads form the Eindhoven triangle
II.2.2.2. Unipolar leads of the limbs (frontal plane): are obtained by a

technical artifice that makes their negative pole apparent in the center of the

Eindhoven triangle (practically in the center of the heart) and 
their positive pole is placed on the limbs. The current recorded 
on these leads being weak had to be amplified. The following 
were obtained:
-AvL (Amplified voltage Left) with the positive pole on the left 
arm.
- AvR (Amplified voltage Right) with the positive pole on the 
right arm.
- AvF (Amplified voltage Foot) with the positive pole at the left 
leg.
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II.2.2.3. Chest unipolar leads (transverse plane) are obtained by a
technical artifice that makes their negative pole apparent in the center of the
Eindhoven triangle (practically in the center of the heart) and their positive
pole is placed on the chest, as follows:

- V1 (Red) - right parasternal inter rib space IV;
- V2 (Yellow) - left parasternal inter rib space IV;
- V3 (Green) - left chest, halfway between V2 and V4 ;
- V4 (Brown) - at the intersection of the left inter rib space 5 with the

middle-clavicular line;
- V5 (Black) - at the intersection of the left inter rib space 5 with the

anterior axillary line;
- V6 (Violet) - at the intersection of the left inter rib space 5 with the

middle axillary line.

II.2.2.4. Additional leads:
The extreme left leads (V7 , V8 , V9 ) are obtained by placing the

electrodes V4 , V5 , V6 at the level of the inter rib space 5 at the intersection
with the posterior axillary line, halfway between the posterior axillary line
and the scapular line (line imaginary passing through the tip of the scapula)
and at the intersection with the scapular line, respectively. These leads ”see"
better the posterior wall of the left ventricle. The amplitude of the waves on
these leads is dependent on the muscle or fat mass in the left posterior chest,
which influences the distance that the heart's electrical signal must travel to
the electrodes.

+

-

+
V2

+
V3

+
V4

+
V5

+
V6

V1

For all the 6 derivations from the frontal plane at the recording, only 3
electrodes are used: Red (on the right arm); Yellow (on the left
arm); Green on the left leg. A 4th electrode, neutral (Black) is placed on the
right leg.

The extreme right leads (V3R, V4R) are obtained by placing the
electrodes V3 and V4 from the left chest in symmetrical points
located on the right chest. These leads ”see" better the right
ventricle.
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Variations in the electrical potential of the heart are captured on the ECG leads. Basically, what a lead registers can be simplified at the
projection of the 6 depolarization vectors (resulting from the atrial depolarization + the 5 ventricular depolarization vectors) on the respective
lead. The appearance of ECG waves can be deduced by geometric projection of vectors on ECG leads. These projections are constructed by
descending by derivation two perpendiculars that start from the origin and from the tip of the vector, respectively.

The resulting projection will be a new vector this time located on the lead (see the green arrows). If this vector has the same direction as the
lead current (respectively from the negative pole to the positive pole) then it will generate a potential of the same direction as the current. This
variation in potential will cause the recording pens to move upward. Thus, an ascending (positive) wave (figure (a) will be recorded on the paper
moving under the pens, otherwise the recorded wave will be negative (figure (b)).

If the vector is perpendicular to the lead then its projection will be a dot and an echidiphasic wave will be recorded (two equal waves, a
positive and a negative one, respectively) (figure c).

More practical: if the projection of a vector on a lead is oriented with the tip towards the positive pole of the lead then the recorded ECG
wave will be positive. If the tip of the projection is oriented towards the negative pole then the resulting ECG wave will be negative. The respective
waves will be narrower or wider depending on the speed of the depolarization/repolarization vectors.

+- +-+-

II.3. The principle of the ECG recording

a b c
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Eindhoven named the ECG waves with letters in the middle of the alphabet based on the idea that in time other waves will be discovered. Thus, the
first positive wave was named "P". It is a small wave, ECG expression of depolarization of atria. The first negative wave is called "Q" , the second
positive wave is called "R" and the second negative wave is called "S". Q, R and S waves make up the “QRS complex” which is the ECG expression
of ventricular depolarization (phase 0 of the ventricular action potential).

Between the P wave and the QRS
complex there is an isoelectric line
( PQ or PR segment if the Q wave is
missing).This segment is the ECG
expression of the time of the impulse
passes through the AVN.

Normally, after the QRS complex we can
see a new wave, on the same side ("concor-
dant") with the QRS complex (therefore
positive or negative depending on the QRS
complex, positive /negative). This is the T
wave, expression of the ventricular repolari-
zation (phase 3 of the ventricular action
potential). Between the S and T waves is the
ST segment which is the ECG expression of
the phase 2 of the ventricular action
potential (“plateau” phase).The ST segment is
either an isoelectric line or slightly above the
isoelectric line (<0.5 mm.) due to the slight
difference between the action potential curves
area in the epicardial area versus endocardial
one. Caution: in patients with a high vagal activity the ST segment can be convex elevated by 1-3 mm. above the isoelectric line (“early
repolarization”, see chapter VII). In adrenergic situations the ST segment may be negative at its origin but ascends rapidly to the isoelectric line. The
position of the ST segment (elevated or depressed) is evaluated by comparison with the U-P interval before and after the considered ST segment. If
the two intervals are not at the same level (isoelectric) then the reference line is the P-R interval in the same cardiac cycle (see next page).

II.4. Waves, segments and intervals

Atrial 
depolarization

Ventricular
depolarization

Ventricular
repolarization

P
T

U

R

Q
S J point

ST segment

PQ(R) 
Segment

P-Q(R)
interval

S-T interval

Q-T interval
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If the P-R interval is depressed the reference point must be the junction point between the PQ/PR segment. After the T wave another positive wave 
may appear, called “U” wave. This U wave has the same orientation as the T wave. A U wave that opposes the T wave is always pathological.

The junction between the S wave and the ST segment is called the "J point".
A combination of a wave and a segment is an "interval". We have:
- P-Q or P-R interval (if the Q wave is missing): from the beginning of the P wave to the beginning of the Q or R wave (so the P wave + the PQ or PR 

segment);
- S-T interval : from the J point to the end of the T wave (hence the ST segment + T wave)
- Q-T interval : from the beginning of the Q wave (or R wave-if Q is missing) to the end of the T wave (or U) (therefore includes the QRS complex + 

ST segment + T or U wave).
Normal values:
- P wave: duration <0.10 sec, height <2.5 mm, usually measured in DII where the P wave is most visible, with maximum duration and amplitude.
- P-R interval: 0.12-0.21 sec;
- Q wave: duration <0.04 sec, height <25% of the following R wave;
- QRS complex: duration < 0.10 sec.
- R wave: height <25 mm. in V5 , V6 , <20 mm. in DI , <15 mm. in AvL.
- Q-T interval: its duration depends on the heart rate. There are several formulas for calculating a QTc (corrected QT). The most used in practice 

are the Bazett and Friedericia formulas. The normal values of QTc are presented in the table below.

Formula Females (msec.) Males (msec.)

Bazett 355-482 346-472 

Friedericia 348-468 349-448 

Framingham 351-467 350-449 

Hodges 348-465 351-446 

1.Bazett HC. An analysis of the time relationships of electrocardiograms. Heart 1920; 7:355.
2.Fridericia L. Die systolendauer im Elektrokardiogramm bei normalen menschen und bei herzkranken. Acta Med Scand 1920; 53:469.
3.Sagie A, Larson MG, Goldberg RJ et al. An improved method for adjusting the QT interval for geart rate. Am J Cardiol 1992;70:797.
4.Hodges MS, Salerno D, Erlinen D. Bazett's QT correction reviewed: evidence that a linear QT correction for heart rate is better. J Am Coll Cardiol 1983; 1:694.
5.Vandenberk B, Vandael E, Robyns T, et al. Which QT Correction Formulae to Use for QT Monitoring? J Am Heart Assoc 2016; 5:e003264.

Bazett formula

Friedericia formula

36

ECG – nothing easier!

References

Chapter II. Normal ECG



Here you can see the correspondences between the curves of the atrial and ventricular 
action potential and the components of the electrocardiogram. Note: that atrial 
repolarization (Ta wave) is not recorded on the standard ECG because it is masked 
by ventricular depolarization (the QRS complex).

P               QRS                          T

0

1

2

3
Atrial

depolarization

Ventricle
depolarization

Ventricle
repolarization
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II.5. Normal ECG in frontal plane leads
II.5.1. Depolarization of the atria. The vector of atrial depolarization is oriented in the frontal plane from right to left and from up to

down (red arrow). The projections of this vector on the bipolar leads of the limbs can be seen in figure A and on the unipolar leads of the limbs in
figure B. As we specified in the previous paragraph the ECG wave corresponding to the atrial depolarization is called “P”. You can see that the

projections of the atrial vector (green vectors) ”runs" to the positive pole of almost all these leads. Consequently, the P waves in these leads are
positive except the AvR where the projection of the atrial depolarization vector “runs” away the positive pole and to the negative one. For this reason
the P wave is negative in AvR. The electric potentials generated by the atria are small. Hence, the P waves have small amplitudes. Usually we see the
tallest P wave in DII because the atrial depolarization vector is (almost) parallel to this lead . So its projection on DII is also longer. Therefore, the first
gesture when reading an ECG is to look at DII to see if the rhythm is a sinus one or not.
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II.5.2. Depolarization and repolarization of the ventricles. The projections (green arrows) of the vectors of ventricular
depolarization (the 5 red arrows) on the bipolar limb leads can be seen in the figures below. In DI the projection of the first vector (the IVS
depolarization), is a small vector whose direction is towards the negative pole of the lead. Consequently in the DI lead a small negative wave will be
recorded (a Q wave). The projections of the other 4 vectors on the DI lead run toward the positive pole of this lead. Consequently, the Q wave is
followed by a high positive wave, which is the ECG expression of the vectors of depolarization of the RV, apex, LV and LV base, respectively. The T
wave (ventricular repolarization) follows the QRS orientation. Hence the T wave will also be positive in DI.

In DII the first 4 vectors are projected with the tip towards the positive pole of the lead. That means that a high R wave will be recorded and the 
Q wave is normally missing in this lead. Vector 5 (of depolarization of the LV base) can be projected either in the same way as the other vectors 
(contributing to the high R wave) or (sometimes)  slightly toward the negative pole so a small wave S can be recorded in this lead. It can be seen 
how the ventricular vectors are more or less parallel to the DII . For this reason, their projections are longer. Consequently, the R-wave will also be 
taller (practically the tallest of all three bipolar leads).The T wave will be positive in DII (on the same side as the QRS complex).

In DIII you can see how the projections of the first three vectors are oriented towards the positive pole (so they will give a first R wave) while 
the projections of the other two are oriented towards the negative pole (the ECG expression will be an S wave). The resulting appearance will be a 
more or less echidiphasic R/S complex.
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However, the appearance of the QRS in DIII depends on the positioning
of the heart in the chest. In tall and slim people, the heart appearance
is a vertical one. For this reason, the 5 vectors of the ventricular
depolarization are also verticalized (practically oriented towards the
positive pole of the DIII). The effect will be the appearance of a tall R
wave followed only by a small S wave (vector 5 of the LV base whose
projection will be towards the negative pole even in important
verticalizations of the heart).

Conversely, in shorter people, especially if they are obese, the
diaphragm tends to rise which leads to the "horizontalization" of the
heart. As a result, the ventricular depolarization vectors rotate
towards the negative pole of the lead. Consequently the amplitude of
the R wave will decrease while the amplitude of the S wave will
increase (a rS appearance)

The ECG 
appearance in lead  
DIII in subjects with 
a “vertical” heart. 
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I am convinced that you will now quickly deduce how a normal ECG should look like in unipolar limb leads! At a glance you notice that in AvR
vectors 2, 3 and 4 "run" from the positive pole of the derivation. Instead, the projections of vector 1 and 5 on AvR "come" toward its positive 
pole. As a result, in AvR the ventricular complex begins with a small r wave followed by a deep S-wave and a small r’ wave. We already know that 
the P wave must be negative in AvR and the T wave must also be negative (on the same side as the dominant orientation of the QRS complex). In 
AvL we see how the first vector (that of the IVS depolarization) "runs" from the positive pole of the lead. Instead, the projections of the other 4 
vectors are oriented towards the positive pole. We already know that the P wave must be positive in AvL. Consequently the ECG appearance in this 
lead must be positive P wave-qR waves. The T wave will also have to be positive.

In AvF it can be seen at a glance that the first 4 vectors of ventricular depolarization are oriented towards the positive pole. However, the last
vector (LV base) "runs off" the AvF lead. We already know that the P wave must be positive in AvF. Consequently the ECG appearance in AvF must
be positive P wave –Rs waves-positive T wave.

Individual variations in the orientation of the vectors (more vertical or horizontal) may slightly alter the appearance of the ECG in these leads.
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II.6.1. Depolarization of the atria. In the transverse plane, the 
atrial depolarization vector (the green arrows) are oriented with the tip 
towards the positive pole of the leads V2 , V3 , V4 , V5 , V6 . From this reason 
the P wave is normally positive from V2 to V6 .

In V1 the P wave can be positive, negative or biphasic +/-.
This is because the atrial depolarization vector is either almost 
perpendicular to this lead (so the P wave will appears as biphasic) 
or, in some people, it can be oriented downward or upward a 
little bit. That means  that the P wave vector either 
runs toward the positive electrode of the V1 lead (so the 
P wave will be negative) or it runs away this electrode 
(so the P wave will appear as positive).

15

ECG – nothing easier!

II.6. Normal ECG in transversal plane leads
Chapter II. Normal ECG



II.6.2. Depolarization and repolarization of the ventricles. You can see how, in V1 , the IVS depolarization vector is oriented 
towards the positive pole of the lead (it “comes” to V1). Consequently, the first wave of the ventricular complex is a small positive wave, “r”. The 
projections of the other 4 vectors “run off” from V1. Their cumulative projection is a long vector oriented opposite to V1 . His expression on the ECG 
is therefore a deep negative (S) wave. As a result the appearance of the ventricular complex in V1 is rS. As a previously mentioned, the P wave can 
be anyway in V1 (here I drew it as positive). The T wave runs on the same side as the ventricular complex (so it is negative).

In V6 the IVS vector “runs off” from the positive pole while the other 4 vectors “come” to it. Consequently on the ECG the appearance of the 
ventricular complex will be qR (inverted, “in the mirror”, compared to V1 ).
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The normal ECG appearance in the 6 chest leads (CL)
can be seen in the attached image. If you build the
geometric projections of the vectors corresponding to the
ventricular depolarization on all these derivations you will
see how a progressive transition is made from the rS
appearance in V1 to that of the qR ones in V5 -V6. So, the R
wave progressively increases from V1 to V6 reaching the
maximum amplitude in left CL (V5 , V6 ) while the amplitude
of the S wave decreases progressively from V1 to V6 until
disappearing in left CL.

To remember:
1.the r wave in V1 corresponds to the q wave in V6 , both

being the ECG expression of the depolarization vector of the
IVS, recorded from two different angles.

2. a small q wave is normal in leads DI , AvL, V5 , V6 being
the ECG image of the IVS depolarization;

3. The transition between the predominant S wave in the
right CL to the predominant R wave in V5 , V6 is made by a
relatively echidiphasic R/S complex (“transition zone”) -
which is normally recorded in V3.
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1. Calibration
2. Artifacts
3. Sinus rhythm? 
4. Heart rate
5. QRS axis
6. Hypertrophies
7. Ischemic heart disease 

(ischemia/lesion/necrosis) 
8. Arrhythmias
9. Abnormalities of conduction
10. Miscellaneous

II.7. ECG reading decalogue

Correct ECG interpretation must be done
systematically, according to an algorithm that allows
you not to omit details that may be essential. I use
the attached decalogue. All this course will follow
this decalogue.
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• The ECG paper is a graph paper one (it has areas divided into 1
mm squares). Every 5th vertical or horizontal line is thicker. The
paper moves at a constant speed under the recording pens. Usually
the speed is 25 mm/sec. At such a speed every millimeter on the
horizontal line means 0.04 seconds (ie 40 milliseconds). So every
horizontally millimeter represents 0.04 sec. (attached figure)
• The recording pens move up and down on the graph paper,
generating positive or negative waves. Their amplitude can be
measured in millimeters or millivolts. Each mm. is equivalent to 1
mV. That means 10 mm. vertically will be equivalent to 10 mV.
• Sometimes you will want to see the ECG waves better. For this,
any device offers the possibility to double the amplitude of the
waves so that now you will have 20 mm vertically corresponding to
20 mV. Conversely, when the ECG waves are too tall the device can
be set so that the amplitude of the waves is 50% of the value of those
recorded on a standard recording.
• The paper roll speed can be also changed to either 50
mm/sec. (that means that 2 mm. horizontally will be equivalent to
0.04 sec). At such a recording the ECG waves will appear wider
(twice the standard recording). The speed can be also reduced to
12.5 mm / sec, in which case the waves will be 50% narrower.

II.8. ECG calibration
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The first thing you need to look at on an ECG is how it was recorded!.

1. ECG paper scroll speed. This is usually mentioned on the bottom edge of the paper.

2. Amplitude calibration. Look at the rectangle recorded at the beginning of the
recording. Usually its height is 10 mm. and every mm. represents 1 mV. This is also
mentioned on the bottom edge of the ECG paper. Thus on the attached ECG you can see
the mention 10/10 mm/mV. That means that 10 mm. vertically represent 10 mV.
The angle between the vertical and horizontal components of the rectangle must be
right. (see the attached ECG). This means that the pens move correctly on the ECG
paper. If they had some inertia instead of a rectangle, there would be a trapezoid. The
effect will be that all the waves will falsely appear wider.

Calibration assessment should become a conditioned reflex for you. Otherwise you can
be fooled (example when you take an exam and you are stressed). You do not notice, for
example, that the amplitude of the recording has been increased. For this reason the
waves appear higher and you can erroneously establish a diagnosis of right atrial
hypertrophy or left ventricular hypertrophy. Conversely, if the amplitude was set to 50%
of the standard one, you may think that there is a microvoltage on the ECG (and suspect,
for example, a pericardial tamponade).

Also, if you are not paying attention to the scroll speed, you can misdiagnose sinus or
supraventricular tachycardia if the recording speed is 12.5 mm/sec or, conversely,
bradycardia, if the paper scroll speed has been set at 50 mm/sec) (see the following
ECGs).
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The same patient, three ECGs, three different calibrations:
- Left side: standard (speed 25 mm/sec; amplitude 10 mm. = 10 mv.);
- Middle side: Speed 50 mm/sec., standard amplitude. The patient apparently has bradycardia but you can see that the rate mentioned on the paper 
is the same as the one recorded on the left ECG.
- Right side: Double amplification of the waves – 20 mm= 20mv but standard speed 25 mm/sec. 
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Same patient, two different speeds of the ECG paper:
- standard  speed 25 mm./sec; left hand side.
- speed of 12.5 mm./sec. (right hand side). The patient appears to have tachycardia. In reality, the heart rate is the same as the one on the left 
side.
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II.9. ECG artifacts
The second step: be careful that there are not artifacts that can mimic disorders that do not actually exist. ECG artifacts can be induced by:

1. patient; 2. errors in the recording technique; 3. electromagnetic or other interference with other surrounding devices.

II.9.1. Patient-dependent artifacts
Parkinson's disease. It is one of the usual ECG pitfalls if you only see the ECG but do not see the patient. In this example the regular

Regular recording Recording after immobilization of the patient's hands
movements of the Parkinson patient's hands are recorded on the ECG as false "F" waves of atrial flutter (see chapter V). These false waves vary 
in amplitude (in flutter they have the same amplitude) and disappear when the hands are immobilized. (ECG on the right side).
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Shivering can cause isoelectric line oscillations that can mimic “f” waves seen in atrial fibrillation (see arrhythmias). Below shivering induced 
false waves of atrial fibrillation in the leads of the frontal plane. However, the heart rate is regular and the P waves are evident in V1 -V2 .
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Dextrocardia. In the patient with dextrocardia (right hand side picture) the ECG vectors are oriented to the right, in the mirror with their
orientation in a normal patient. Consequently, the projections of these vectors will be reversed on all ECG leads compared to the normal appearance
(see next page).
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Normal Dextrocardia

In a patient with dextrocardia the P
wave, the QRS complex and the T wave
are negative in DI and AvL and positive
in DIII, AvR, AvF. The chest leads show a
clockwise rotation (tall R wave in the
right chest leads and deep S wave in
the left chest leads). From here to a
wrong diagnosis of right ventricular
hipertrophy it's just a step.

Remember: in dextrocardia the P wave
is POSITIVE in DII just like normal
because the projection on this lead of
the vector of the atrial depolarization is
oriented towards the positive pole of
this lead in both normal and
in dextrocardia.
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The P wave is positive in DII both in normal patients and in patients with dextrocardia

DextrocardiaNormal

P
P
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ECG recorded at admission ECG recorded 24 hours later 

II.9.2. Recording-dependent artifacts. The most common errors occur due to the incorrect positioning of the recording electrodes. The
most common of these is the inversion of the right forearm electrode (red electrode)-left forearm (yellow electrode). In this way the polarity of the
DI lead is reversed, and AvL is reversed with AvR. The effect will be a negative P wave and a negative QRS complex in DI and AvL and a positive
ones in AvR. An example you can see below, on the left hand side, recorded at the hospitalization of a patient with a ST-segment elevation
myocardial infarction. This false aspect is not confirmed by the ECG recorded in the chest leads in which the P-QRS orientation is normal. The
differential diagnosis should be made with dextrocardia in which case the aspect from the chest leads should have been “reversed” (see above).

On the ECG recorded correctly 24 hours later it can be seen the normal orientation of the P wave which is positive in DI and AvL and negative 
in AvR. The QRS complexes are now positive in DI and AvL and negative in AvR too.
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The 12 leads ECG appearance in normal 
patients, in dextrocardia and in 
reversed arms electrodes, respectively.

NORMAL LEFT-RIGHT
INVERTED ELECTRODES

DEXTROCARDIA
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ECG recording-dependent artifact. The electrodes V1 and V2 were reversed. In V1 a high R wave appears, unusually high for this lead and in
V2 the rS aspect appears, just as unusual. If you do not notice this aspect, the R wave from the false derivation V1 can be interpreted as the
expression “in the mirror” of a Q wave, revealing the sequelae of a posterior infarction (chapter IV)
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II.9.3. Artifacts induced by the interference with other surrounding devices. Below you can see two Holter recording fragments 
from two different patients. On both there are periods when the rates of the QRS complexes suddenly increase and they become much narrower 
and of lower amplitude. During these "episodes" the patient was asymptomatic. These changes appeared strictly when the two patients 
approached the magnetic induction hob they had in the kitchen.

Personal observation: I have often seen significant artifacts of the ECG in patients who had previously had a radiological investigation. For this 
reason, I usually do their ECG first and only then send them to radiology.

Patient nr. 1

Patient nr. 2
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In patients with sinus rhythm, the P wave is always positive in DII. For this reason, the DII lead is the one you will look at to 
identify the existence of a normal sinus rhythm. A second criterion must be met, namely the P wave to be in a constant 
relationship with the following QRS complex. Otherwise there may be situations such as those in complete atrioventricular 
block in which only the atria can be in sinus rhythm while ventricular activity is taken over by another automatic center
in the excito-conductor system, located below the block level.

Sinus rhythm = positive P wave in DII and in a constant relationship with the QRS complex

II.10. Is patient in sinus rhythm?
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II.11. Heart  rate
ECG machines display automatically the heart 

rate (HR) on the lower band of the ECG paper.
Here you have two methods by which you can 

determine yourself the HR on a standard ECG 
(paper speed of 25 mm./sec, respectively)
1. Divide 1500 by the number of squares between 
two R waves (explanation: each square represents 
0.04 seconds (4 hundredths of second). One 
minute has 60 seconds, so 6000 hundredths of a 
second. So you should divide 

6000 /(no. squares x 4) 
for find out the heart rate. But you can simplify 
6000 by 4 and so all you have to do is to

divide 1500 by no. of squares.

2. Look for a QRS complex that
appears on a thick vertical line (or
the one closest to a thick line). If
the next QRS complex will appear
on the next thick line then the HR
is 300/min. If it appears on the
second thick line then HR is
150/min … on the third line = 100/
min, on the fourth = 75/min, on the
fifth = 60/min., on the sixth = 50/
min and on the seventh = 40/
min. So the rule is: 300-150-75-60-
50-40 (see the figure attached).
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II.12. QRS axis

The electric axis is the orientation in frontal plane of the vector
resulting from the composition of the cardiac activity vectors. The
electric axis can be calculated for the P wave, the QRS complex and
for the T wave. For the P wave the electric axis is the resultant of the
vector composition of the RA depolarization vector with that of the
LA depolarization.

In practice we usually calculate the QRS electric axis.
In the attached figure you can see how the electric QRS axis was

determined:
- by the composition of vectors 1 and 2 the

vector a resulted. This new vector was composed with the vector 3
and the vector b resulted. From the composition of vector b with
vector 4 resulted the vector d. And from the composition of this
vector with vector 5 resulted the vector of which is the QRS axis.

QRS axis

1

2 3

4

a

b

c

d
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For the exact determination of the QRS electric axis, the procedure
outlined below is used. Practically:

1. draw the circle around the Eindhoven triangle;
2. translate the frontal plane leads so that they intersect in the

center of the circle. The new positions of these leads are marked in
red. The intersections of these leads are graded as you can see
attached. Everything that is above the DI lead (above the “equator”) is
denoted by - (minus) and everything that is below the DI lead is
denoted by + (plus).

3. Find out the echidiphasic QRS complex (R/S) or the closest
echidiphasic one in the leads of the frontal plane. In this way you will
know that the QRS axis must be perpendicular to that lead. For
example (see the attached figure), if the QRS complex is equibiphasic
in AvL it means that the electric QRS axis is perpendicular to
AvL. That it also means that the axis must be parallel to the ECG lead
that is perpendicular to AvL. This lead is DII. You can see that DII has
the negative pole at -120o and a the positive one at its supplement
(+60o). That means that the axis will be oriented either to -120o or to
+60o. You look in DII and see how the QRS complex is like. If it is
positive it means that the electric axis comes towards the positive pole
(towards +60o); If the QRS is negative then the axis will be at -120o .

The normal QRS axis falls between +90o and -30o (so called
“intermediate” axis). An axis between -30o and -90o is left deviation
axis and between +90o and+180o is right deviation axis. An axis
between -90o and+180o is considered as extreme left or right deviation
depending on the patient's clinical context.

0

- 120

- 90

- 60

- 30- 150

+ 180

+ 150

+ 120
+ 90

+ 60

+ 30

Left axis
deviation

Right axis
deviation

DI

DII
DIII

AvLAvR

AvF
Intermediate

QRS axis  
(normal)
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Next you can see all the 12 situations
you can encounter in practice. For
example, if you find a echidiphasic QRS
complex in DI the axis is perpendicular
to the DI . Look at the QRS complex in
AvF (lead that is perpendicular to
DI ). If the QRS complex is positive in
AvF the axis is at +90o. If the QRS
complex is negative, the electric axis is
at -90o .

Conversely, if the QRS is echidiphasic
in AVF then look to DI. If the QRS is
positive in DI then the axis is at 0o . If it
is negative in DI then the axis is at
+180o.

You can easily notice that the leads
are pairs: DI with AvF, DII with AvL and
DIII with AvF. In other words, the lead
from the tip of the triangle with the lead
from the side opposite the tip.

I leave you alone now, to deduce
yourself from the attached image the
orientation of the QRS axis in the other
eight situations.

DI

AvF

= +90o

= -90o

DII

AvL

= -30o

= +150o

DIII

AvR

= -150o

= +30o

DI

AvF = +0o

= +180o

DII

AvL = +60o

= -120o

DIII

AvR = +120o

= -60o
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DII
DIII
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+

RIGHT AXIS 
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In everyday practice you are not interested, however, in knowing exactly where the electric axis is, but simply if it is normal, left deviated or right 
deviated. You can deduce this orientation at a glance when you notice the peculiarities in the adjacent figures. You will come to the conclusion that all 
you have to do is to notice the QRS orientation in DI and DIII.
- Intermediate QRS axis: the QRS complexes are
positive in all three leads with the highest
amplitude in DII (lead in relation to which the
QRS axis is almost parallel, so its projection on
this derivation is maximum). The lowest QRS
amplitude will be in DIII, lead in which the QRS
complex may even echidiphasic in patients
whose axis is perpendicular to this lead;

- Left axis deviation: the axis is more or less
perpendicular to DII. So in DII you will see a
(almost) echidiphasic QRS complex. In DI the
QRS projection is oriented towards the positive
pole. The QRS complex will therefore be positive
in this lead. In DIII the projection is oriented
towards the negative pole. The QRS complex will
be negative;

- Right axis deviation: the axis is more or less
perpendicular to DII . So in this lead the QRS will
be (almost) echidiphasic. In DI the axis
projection is oriented towards the negative
pole. The QRS complex will therefore be negative
in DI. In DIII the axis projection is oriented
towards the positive pole so the QRS complex
will be positive;

- --
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Intermediate axis (+60o, normal) Horizontal axis (0o) Left axis deviation (-60o)Right axis deviation (+120o) Vertical axis (+90o) 

And even faster:

- Left axis deviation: the
QRS complex is positive in
DI and negative in DIII (QRS
complexes “run away” from
each other);
- Right axis deviation: the
QRS complex is negative in
DI and positive in DIII (QRS
complexes "run" towards
each other).
- Intermediate axis: QRS
complexes are positive in
DI, DII and positive or
echidiphasic in DIII
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II.13. Heart rotations
In some pathological conditions the electrical activity recorded in the transverse plane (chest leads) can be deflected as can be seen in the

images below. For example, in right ventricular hypertrophy, the electrical forces generated by the RV will be stronger, for which reason the
electric axis will be "pulled" towards the RV (to the right in the frontal plane). In the transverse plane the transition zone R/S ends up being
moved in V1 (V2) - normally it is in V3. If you imagine that you are positioned at the feet of the patient lying in bed then the dominant orientation
of the ventricular electrical vectors appears to be towards the patient's right hand. This orientation is called "counterclockwise
rotation". Conversely, in left ventricle hypertrophy, for example, the electric forces generated by LV will "pull" the electric axis even further to the
left. In the transverse plane, the transition area appears deviated towards the patient's left hand ("clockwise rotation").
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Chapter III
H y p e r t r o p h i e s
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Atrial hypertrophy is a term we use in practice but it is not a correct term. The walls of
the atria are thin, the muscular component is reduced. For this reason, the atria dilate
rather than hypertrophy. As a result, several options have been proposed to replace this
term: "left atrial overload", "left atrial dilation", "left atrial distension". More recently, the
term “left atrial abnormality” has been used to refer to the same ECG change that can
occur in different situations, including interatrial conduction disorders.
Atrial depolarization consists of depolarization
of the right atrium (RA, which begins first)
followed by depolarization of the left atrium
(LA). ECG expression consists of the
appearance of two P waves (the one
corresponding to RA and the one corresponding
to LA). The depolarization lag is very small so
that it is not usually recorded on the normal
ECG. In left atrial hypertrophy (LAH) the
duration of LA depolarization increases. Hence,
the two P waves can be seen distinctly. The LAH criterion is therefore the extension of
the P-wave duration over the normal value of 0.10 sec. By lengthening the LA
depolarization, the electric axis of the P wave is "drawn" to the horizontal.

The increase of the P-wave duration is best seen in two leads:
1. DII (possibly also in DIII ): in this lead the P wave appears modified as having two
humps, creating an image of the letter “M”. This aspect is very common in mitral
stenosis, which is why it is also called "mitral P".
2. V1 (possibly also in V2 ): in this lead the 2 components of the P wave (RA and LA) are
seen distinctly, the RA component being expressed by the positive component of the P
wave while the LA component is negative and wider.

Normal LAH
RA LA RA LA

III.1.  Left atrial hypertrophy 
(Left atrial abnormality) 0.11 DII

V1

V2

V3

RA

LA
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III.2.  Right atrial hipertrophy
(Right atrial abnormality)

1. DII: in this lead the P wave appears wide,
sharp, “in the haystack”. This aspect is very
common in severe pulmonary
hypertension, which is why it is also
called "pulmonary P”.

2. V1: in this lead the 2 components of the P
wave (RA and LA) are seen distinctly, the
RA component being expressed by the
broad positive component of the P wave
while the LA component is discrete,
negative.

In RA hypertrophy the electrical forces generated by RA and the duration of RA
depolarization increase. The electric axis of the P wave is oriented towards
verticalization. By elongation, the depolarization of RA ends up ending with that of
LA or even slightly exceeding it. Thus, the duration of the P wave remains
normal. Instead, the amplitude of the P wave increases by the synchronous overlap of
the components RA and LA and by the increase of the electric forces generated by
RA. The RA hipertrophy criterion is therefore increase the amplitude of the P wave
above the normal value of 2.5 mm. (2.5 mv.). This abnormality increase is best seen
in the following two leads:

DII

V1

Normal RAH
RA LA RA LA

RA

LA

3,2 mm.
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III.3.  Biatrial hypertrophy 
(Biatrial abnormality)

In biatrial hipertrophy both the duration (above the
normal value of 0.10 sec.) and the amplitude of the P
wave (above the normal value of 2.5 mm.) increase.

(See attached image. This ECG was recorded in a patient
with dilated cardiomyopathy and severe pulmonary
hypertension).

3,2 mm.

0.13 sec.

Normal BAH
RA LA RA LA
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III.4.  Left ventricular hypertrophy (LVH)
In LVH the electric forces generated by LV increase. A

first effect will be the displacement of the QRS axis to the
horizontal and, as the LVH increases even to the left
deviation.

Over time the amplitude of QRS complexes increases
(high voltage). The most used high voltage criteria are
attached.

As the LVH develops the time required for ventricular
depolarization will increase. QRS complexes enlarge
without exceeding 0.11-0.12 sec. QRS enlargement is also
manifested by increasing of the intrinsicoid deflection
above the value of 0.05 sec. in V6 (intrinsicoid deflection:
distance from the QRS onset to the foot of the
perpendicular descended from the tip of the R wave on the
isoelectric line).

The physiological Q wave in DI, AvL, V5, V6 increases
(expression of IVS hypertrophy). The increase in Q-wave
amplitude is best expressed in asymmetric (septal)
hypertrophic cardiomyopathies.

In severe LVH, repolarization ends up being the opposite
of repolarization. As a result, the ST segment and the T
wave are oriented in the opposite direction to the QRS
complex (“secondary terminal phase change”). LAH may
also occur in severe LVH due to increased atrial
contraction to fill a LV with hypertrophied walls. In severe
hypertrophies, conduction disorders may occur through
the hypertrophied ventricular mass. The first sign will be
the disappearance of the physiological Q wave from the
above-mentioned leads.

1. Deviation of the QRS axis to the horizontal or even to the left;

2. High voltage criteria QRS:

3. Increasing of the Q wave (in DI, AvL, V5, V6);

4. QRS enlargement (up to 0.11-0.12 sec;)

5. Intrinsicoid deflection > 50 msec. (0.05 sec.) in V6;

6. Secondary opposition of the ST segment and T wave

7. Left atrial enlargement

- Sokolov-Lyon index: R wave (V5/V6) + S wave (V1/V2)> 35 mm.
- AvL: R wave > 11 mm. (if horizontal axis) or

- > 13 mm. and S wave (DIII) > 15 mm. (if left axis deviation)
- R wave (DI) + S wave (DIII) > 25 mm.

The LVH criteria are very specific (> 90%) which means that their presence
usually reflects LVH. Instead, their sensitivity is low (20-50%) which means that the
absence of these criteria does NOT mean that the patient does NOT have LVH (false
negative).

LVH CRITERIA
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Three examples of LVH
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III.5.  Right ventricular hypertrophy (RVH)
In RVH the electric forces generated by RV increase. A

first effect will be the displacement of the ventricular
electrical axis to the vertical or to the right in severe forms
of RVH (congenital heart disease with severe pulmonary
hypertension, or in severe chronic pulmonary disease).

Although RV is hypertrophied, there are no high voltage
criteria because the electrical forces generated by LV are
significantly higher than those generated by RV. Rather, low
voltage may even occur in chest leads because the increasing
RV depolarization vector attenuates the amplitude of LV
depolarization vector (which opposes RV depolarization).
The normal position of the heart in the chest is with the RV

ahead and LV behind. In RVH the RV reaches even further
anteriorly. This will have three consequences:
1. The QRS axis can be oriented from the anterior to the
posterior, respectively perpendicular to the frontal plane. It
will thus become "indeterminate" the QRS complexes
becoming echidiphasic in all derivations of the frontal plane.
2. The amplitude of the R wave increases in V1/V2 by
increasing the participation of the RV depolarization vector.
3. In the transverse plane the transition zone is pushed to
the left (clockwise rotation). In this way the S waves end up
being present in V5 , V6 (normally they disappear here).

In severe RVH repolarization ends up being the reverse of
repolarization. As a result, the ST segment and the T wave
are oriented in the opposite direction to the QRS complex
(“secondary terminal phase change”) in V1-V3 . RAH can also
occur in severe RVH.

1. Vertical QRS axis or right axis deviation;

2. Clockwise rotation;

3. Persistence of the S wave in V5,V6;

4. High R wave in V1 with/without a R/S>1 ratio;

5. Intrinsicoid deflection > 50 msec in V1;

6. Secondary ST-T terminal phase change in V1-V3.

7. Right atrial enlargement.

RVH CRITERIA

The most common RVH criteria are a vertical QRS axis or a right axis deviation and
persistence of the S waves in the left chest leads. In these leads the appearance can be
rS from V1 to V6 , or R/S (V1-V6) or progression from a R/S to a r/S appearance from
V1 to V6 , depending on the underlying disease.
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Three examples of RVH
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III.6.  Biventricular hypertrophy (BVH) 

There are no specific criteria for HBV. However, we can suspect it in the clinical context of the patient. For example, we can suspect a
biventricular hypertrophy in a patient with a heart disease that develops LVH (hypertension, aortic stenosis) and in which the electric axis
remains unchanged (it is not moved horizontally or to the left being 'retained' by the RVD).
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Chapter IV
Ischemic heart disease
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Coronary arteries are the first branches from the aorta. The name
“coronary” comes from “crown”, these arteries being organized,
together with their branches, in the form of a crown with an upper
base, at the level of the atrioventricular grooves and the tip located at
the bottom, at the level of the heart apex.

Anatomically, two coronary arteries are described: the left and the
right one.

IV.1.1. Left coronary artery originates as a common trunk (CT) that
divides into two branches:

IV.1.1.1. Left anterior descending (interventricular) artery
(LAD) descending to the apex through the anterior interventricular
groove. It gives two diagonal branches on the left side and several
perforating branches for IVS.

IV.1.1.2. Circumflex artery (CXA) - goes through the groove
between LA and LV to the posterior wall of the LV. It can give one or
more marginal (lateral) arteries to the LV, until it reaches the obtuse
edge of the heart (the marginal artery it gives here is even called the
left obtuse marginal artery). Once on the posterior wall of the LV, the
CXA gives several atrioventricular and posterolateral branches. In
some patients, the CXA can be given to the posterior descending
(interventricular) artery which descends to the apex through the
posterior interventricular groove.

79

Common trunk

Circumflex artery

Anterior descending 
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Marginal (lateral) arteries 
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Left coronary artery
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IV.1.2. Right coronary artery (RCA). After emergence from the aorta,
RCA descends through the atrioventricular groove, reaching the posterior
wall of the LV to the posterior interventricular groove. The first branch of
the RCA is the sinus node artery (in 60% of cases; in the remaining 40% its
origin is in the CXA). The next branches are the pulmonary cone and the
right atrial branches followed by one or more marginal branches for the RV
and branches for the posterior wall of LV. RCA ends with branches for the
AVN (in 80% of cases; in the remaining 20% the AVN artery comes from
the LAD) and possibly with the posterior interventricular artery (in the
posterior atrioventricular groove).

Although anatomically two coronary arteries are described, in practice the
existence of three coronary arteries (LAD, CXA and RCA) is considered.

The posterior interventricular (descending) artery can originate from the
CXA or RCA artery. Depending on the origin of the posterior
interventricular artery, the coronary circulation is named “left dominant”
(if this artery originates in the CXA), “right dominant” (if it originates in
the RCA) or “balanced coronary circulation” (if both the CXA and RCA
arteries give an interventricular branch).

The sinoatrial node artery

Right coronary artery

Branch for the A-V node

Branches for the 
posterior wall of the 
left ventricle

Marginal branches

Posterior descending (interventricular)
artery

The pulmonary cone 
artery

Branches for the right 
atrium

Right coronary artery
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Segments of the coronary arteries

For practical reasons, the following segments of the coronary arteries are described:
Left anterior descending artery (LAD)

Ist segment (proximal):from the LAD origin to the origin of first septal;
IInd segment (mid): from the first septal to the second diagonal;
IIIrd segment (distal): distal from the origin of the second diagonal.

Circumflex artery CXA)
Ist segment (proximal): from the CXA origin to the first marginal branch; 
IInd segment (distal): distal from the first marginal; 

Right coronary artery (RCA):
Ist segment  (proximal): from the RCA origin to the first curvature;
IInd segment (mid): from the first curvature to the second one; 
IIIrd segment (distal): distal from the second curvature; 

Below you can see a more laborious segmentation, used in interventional cardiology (see figure).

Right coronary artery (RCA)
1 From origin to ½ distance to the acute marginal 

(practically to the first curvature);
2 -> to origin of the acute marginal;
3 -> to the posterior descending artery;
4 Posterior descending artery  (missing in the 

dominant left coronary circulation).

Left coronary artery (LCA)
5.   Common trunk (from origin to the bifurcation); 
6. Proximal LAD (from LAD origin to the first 

septal) 
7. Mid LAD (to the ½ distance from the first septal 

and apex):  
8. Distal LAD; 

Additional segments 
17. Posterolateral branch from the RCA;
18. Intermediate branch; 
19. Posterolateral branch from CXA.

9.   First diagonal;
10. Second diagonal;
11. Proximal CXA: from origin to the first marginal; 
12. Obtuse marginal;
13. Distal CXA (distal of the marginal branch);
14. Posterolateral branch;
15. Posterior left descendent artery.
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Austen, W. G., et al. (1975). “A reporting system on 
patients evaluated for coronary artery disease. 
Report of the Ad Hoc Committee for Grading of 
Coronary Artery Disease, Council on Cardiovascular 
Surgery, American Heart Association. 
Circulation 51(4 Suppl): 5-40.

Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, 
Mancini GJ, Nieman K, Pontone G, Raff GL. SCCT 
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coronary CT angiography: a report of the Society of 
Cardiovascular Computed Tomography Guidelines 
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Ischemia is followed by a reduced ATP production in ischemic areas. This affects the
functionality of ion channels. The most sensitive are the K+ channels. That is why they are
the first to be affected by ischemia. So mild/moderate ischemia will alter the resting
membrane potential and repolarization (phase 3) of the action potential. Effects:

1. Partial depolarization of the membrane at rest: ventricular myocytes (for example)
can no longer maintain their membrane potential at -90 mV. That is why their rest
membrane potential will become -86 mV, -80 mv or even closer to their threshold potential
of -60mV. In other words, they are partially depolarized at rest. Thus, there is an
electrical gradient between the ischemic and the normal areas. The effect will be the
appearance of an ischemic voltage vector during diastole that moves from the ischemic
area to the healthy one (the blue arrow in the attached figure). On the ECG this
phenomenon will be manifested by the slight elevation or sub-elevation of the TQ
segment (from the end of the T wave to the next Q wave) segment that represents
ventricular diastole. Elevation/depression of the TQ segment depends on the location of
the recording electrode. If the vector is directed towards it then the elevation will be
recorded and vice versa.

2. Reducing the depolarization speed. Partial depolarization of the membrane will also
influence the activity of Na+ channels because the difference between the rest and threshold
potentials is smaller. As a result, the Na+ channels will be slower. Thus, the slope of the 0
phase of the action potential of the ischemic cells becomes slower and the maximum action
potential will be lower than in normal areas. Therefore, a potential difference can also
appear in systole between the ischemic and the healthy area, so a systolic voltage
vector. However, the potential of the ischemic cells are, in systole, below that of the
normal cells, so the systolic vector will “run” from the healthy area to the ischemic
one (attached figure, red arrows).

Action potential in 
normal myocardium

-90

-60
Action potential

in ischemic 
myocardium

IV.2. Myocardial ischemia

3. Early repolarization and shortening of the
duration of the action potential. An ischemic cell will
repolarize faster. For this reason, even in
repolarization, there is a potential difference between
the healthy and the ischemic area with a vector
oriented normally to the ischemic area.
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IV.2.1. Subendocardial ischemia

In subendocardial ischemia, the subendocardial
myocytes are partially depolarized at rest. Hence, the
action potential curve in this area changes and its duration
is shortened. As a result, repolarization will begin faster in
this area, before epicardial repolarization. In this way the
curve of the action potential in the subendocardial area falls
below that of the curve in the subepicardial area (so
inversely than normal)

The Na+ channels are not affected in ischemia. For this
reason depolarization remains normally, from the
endocardium to the epicardium. As a result, the ECG
electrode in front of the depolarization vector that "comes"
to it will record a positive wave (so the QRS complex will be
positive). However, repolarization will also begin in the
subendocardial area, which becomes positive when the
epicardial area is still depolarized (negative). Therefore,
although the repolarization is now done from the
endocardium to the epicardium, the repolarization vector
"runs away" from the recording electrode. Hence, the T
wave will be negative, opposite as the QRS complex.
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IV.2.2. Subepicadial/transmural ischemia

The most sensitive channels to lack of oxygen (lack of ATP)
are the K+ channels in the subepicardial area. They open wide
allowing a large migration of K+ from inside the cell outside it. A
high concentration of extracellular K+ occurs. The action
potential in the subepicardial area becomes more "weak" in the
sense that the amplitude of phase 0 and the duration of the
action potential is further reduced (it is shorter compared to
the subendocardium even under normal conditions). Thus,
repolarization begins much earlier in the subepicardial
area. On the ECG this is seen by the very early onset of the T
wave. The ST segment is shortened to extinction.

As subendocardial repolarization begins later, it will be seen
on the ECG by "continuing" the T wave. The epicardial ECG
electrode will see this as a large vector that "comes" to it. A
positive, wide, sharp, symmetrical T wave will be recorded
on the ECG, which at the beginning of a transmural infarction
acquires the appearance of a “giant T” (“hyperacute T wave”
seen in STEMI patients). It is basically an "increase" of what
normally happens in terms of the orientations of the
depolarization and repolarization vectors, respectively, by
shifting even more the sebepicardial depolarization compared
to the subendocardial one.

Subendocardium
normal

normal

Ischemie
transmurală

-60
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The "hyperacute" T wave is recorded within the first 15-20 minutes after the onset of
ischemia only. If the ischemia persists, the ion channels involved in depolarization also
begin to suffer. Cells already depolarized at rest are further depolarized. Slope of the 0
phase of the action potential becomes even slower so that the amplitude of this potential is
further reduced. As a result, the speed of the myocardial impulse is also
reduced. Consequently, depolarization (and not only repolarization) is now
affected. Depolarization begins in the endocardial to the epicardial areas. However, the
propagation of the impulse to the epicardium is slow. For this reason, depolarization of the
epicardium will begin much later than normal. Therefore, epicardial repolarization will
begin subepicardially later than subendocardial repolarization (normally it is exactly the
opposite) - see the adjacent figure. Thus the first to repolarize (becomes positive) will be
the subendocardial area and this happens when the subepicardial area is still depolarized
(negative). Although the depolarization starts from the endocardium to the epicardium,
the repolarization vector being directed from the negative (subepicardium) to the positive
(subendocardium) will “run away” from the recording electrode. The effect will be the
negativation of the T wave in advanced stages of the transmural ischemia. Also, the Q-T
interval can be prolonged by prolonging the phase 2 and 3 of the action potentials (so by
prolonging the ST segment and the negative T wave)

If the transmural ischemia is very severe (such as coronary occlusion) then
depolarization will be further affected and the ST-segment changes occur (see below).

-60

Subendocardium

Subepicardium

---

-
---

+
++

+
+
++

normal

normal

Transmural 
ischemia –
advanced 
stage

Depolarization

Repolarization
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In severe and prolonged ischemia, myocytes are further depolarized in
diastole. Similarly, the action potential is less vigorous, its amplitude much lower, its
duration much shorter. So there is also the alteration of depolarization not only of
repolarization. There is a potential gradient between the injured area (depolarized,
so more positive) and the healthier (more negative) one. This gradient induces
a current of injury from the healthy to the injured area. If the lesion is
subendocardial, the vector of this current goes from the epicardium to the
endocardium. So it "runs away" from the epicardial electrode. On the ECG this will be
recorded as a horizontal depression of the ST segment that also includes the T wave.
This change may occur in both stable/unstable angina and subendocardial infarction
(NSTEMI).

If the lesion is subepicardial then the lesion current vector will “run” from the
endocardium to the epicardium. On the ECG a ST segment elevation will be recorded
in the leads whose electrode is positioned next to the lesion. The same elevation is
recorded in the early phase of transmural myocardial infarction. Given that the
most sensitive to lack of oxygen (lack of ATP) are the channels in the subepicardial
area (K+ channels) then the subepicardial area will be more severely affected than
the subendocardial one. The lesion current will be oriented from the endocardium to
the epicardium. This change may be transient (examples: Prinzmetal's vasospastic
angina) or may persist for hours after occlusion of a coronary artery.

Subendocardial lesion

Subepicardial/
transmural lesion
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Necrosis means destruction of the viable myocytes. Their place will be taken by the
collagen tissue that will form a scar. So we don't have cells in the scar area. So we have no
electrical activity. So the electrodes placed on the necrosis area will not record the electrical
activity of the area (because it… does not exist). This electrode will "see" the electrical
activity on the interventricular septum and/or on the wall of the other ventricle.

The attached image outlines what normally happens (top) and what happens in the case
of myocardial necrosis (bottom). Normal depolarization occurs from the endocardium to the
epicardium. In the image above you can see how the depolarization vector of LV goes
towards the recording electrode that we placed next to LV. A positive QRS complex will be
recorded on the corresponding lead of this electrode. Given that the depolarization of the
septum is done from left to right, the QRS complex will be preceded by a small q wave. (see
Chapter II, “Normal ECG”)

The image below shows what happens in necrosis. The necrotic area (later replaced by
the scar) is electrically inactive. The electrode placed next to it will actually record the
depolarization vectors of IVS and RV. They both "run away" from the
electrode. Consequently, a deep and wide Q wave will be recorded on the respective lead. In
the same way, the repolarization is "seen" so that the T wave appears as negative.

Normal

Transmural
necrosis
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IV.5. ST-segment elevation myocardial infarction (STEMI) 
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(first 15-20 min)

-- +

”Acute” STEMI
(7-12 hours)

“Subacute” STEMI 
(Late STEMI)

IV.5.1.ECG dynamics
in STEMI patients

STEMI is the result of
thrombotic occlusion of one of the
coronary arteries. The myocytes
resistance to oxygen deprivation
is short (15-20 min.). After this
time myocardial necrosis
develops. However, it does not
appear instantly in the whole
myocardium dependent on the
occluded artery. Necrosis begins
in the subendocardial area and
progresses towards the
epicardium and in the
surface. Necrosis of the entire
ischemic myocardial area is
complete in 4-6 hours.

The ECG can record all this
outcome. During the first 15-20
minutes the transmural ischemia
is recorded as a positive, sharp,
symmetrical “hyperacute” T wave,
positive, that begins immediately
after the QRS complex (so the ST
segment is reduced to a minimum

or even disappears - “superacute STEMI phase” -see above). After this time-interval the myocardial injury is
more severe, betrayed by ST-segment elevation (“acute STEMI phase”).
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ECG dynamics in STEMI patients

Before STEMI            “Superacute STEMI” “Acute STEMI”                           “Subacute STEMI”                                      “Chronic STEMI”
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As the necrosis progresses, more and more myocytes are lost, the electrical activity in the infarcted area is reduced to extinction. This
phenomenon is recorded on the ECG by the progressive reduction of the R wave concomitantly with the development of the Q wave of myocardial
necrosis, the reduction of the ST segment elevation until its complete resolution and the negativation of the T wave (“subacute STEMI
phase”). This dynamic lasts 7-12 hours (sometimes less, sometimes more depending on the resistance to ischemia of the territory that depends on
the degree of development of the collateral circulation and the ischemic preconditioning phenomenon).

This “Q-negative T” pattern can later persist throughout life as a myocardial “signature” of the infarction that betrays the existence of the post-
infarction scar. As time passes, the T wave can, however, become positive.

ECG – nothing easier! Chapter IV. Ischemic heart disease



“Hyperacute T wave” in an anterior STEMI patient
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“ Hyperacute T wave” Hiperkaliemia

“Hyperacute T wave” versus the T wave in hyperkalemia

A high, sharp T-wave also
occurs in patients with
hyperkalemia. In STEMI
patients the ST segment
almost disappears. The T
wave starts immediately
after the QRS. In
hyperkalemia, however, the
ST segment is preserved
(see chapter VII).
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STEMI. ECG criteria
- new ST-segment elevations at point J:

- > 1mm. in at least two leads of the frontal plane leads or
- > 2 mm. in the leads of the transverse plane or

- new left bundle branch block in a patient with a chest pain suggestive for angina pectoris and lasting more than 15-20 min.

- NB. In posterior STEMI patients the posterior location of infarction is recorded in the V1 -V 4 leads as a ST segment depression ( “mirror 
picture” of the ST-segment elevation recorded in the posterior V7-V9 leads). In these patients, the right thoracic leads should also be used (V3R, 
V4R) - to capture the possible ST-segment elevation in these leads, suggesting extension of the infarction on the RV wall. 

Abnormal Q wave (suggesting myocardial necrosis) criteria
- Under normal conditions the Q wave is physiological seen in leads DI , AvL, V5 -V6 as ECG expression of the IVS depolarization. To be considered 
normal this Q wave must last <0.03 sec. and its amplitude  must be <25% of the following R wave.
- A Q wave that appears in other leads can be considered as abnormal (suggesting necrosis/old infarction) if its duration lasts > 0.03 sec. and its 
amplitude is > 25% of the following R wave
- Comments:
- 1. an isolated Q wave in D III (so without being accompanied by a Q wave and in DII, AvF) should not be considered as abnormal. It can be 
recorded especially in obese people with a horizontal heart. In these individuals, the Q wave in DIII disappears or decreases sharply in amplitude 
when the patient takes a deep breath (the heart is verticalized by lowering the diaphragm).
- 2. the Q wave may be transient in DIII in case of ischemia of the inferior papillary muscle, during episodes of angina or unexpectedly early in 
inferior STEMI.
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An ECG pattern described as having severe prognostic significance is the so-called ”tombstoning ECG” (see figure below). This may occur in
large anterior STEMI in patients with LAD occlusion at the origin or with occlusion of the left common coronary trunk. In the absence of a prompt
coronary artery desobstruction (either by thrombolysis or angioplasty) mortality in these patients is very high.
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“Tombstoning ECG”
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Large anterior STEMI
LAD proximal occlusion 
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IV.5.2. ECG and the location of the coronary occlusion

STEMI location (affected myocardial area) can be deduced by ECG following
the leads in which the ST segment elevation occurs because the electrodes of
these leads are right in front of the infarcted area. Knowing which area of the
myocardium covers each electrode we can deduce the size of the ischemic area so
we can deduce the location of the coronary occlusion knowing the distribution of
the coronary arteries and their branches. Generally we talk about:

1. Large anterior STEMI. Proximal LAD occlusion or even occlusion of
the common trunk of the left coronary artery. The infarct area is very large on
the anterior wall of the LV, so the ST-segment elevations appear in DI , AvL, V2 -
V6 (see first column of the ECG fragments). In these cases, however, the ischemia
may be so severe that acute intraventricular conduction disorders such as
anterosuperior fascicle block (ASFB, first column of ECG fragments), left bundle
branch block (LBBB, second column of ECG fragments) or right bundle branch
block (RBBB, third column of ECG fragments) may occur.

The occurrence of the LBBB can mask ST-segment elevation. That is why the
diagnosis of STEMI is made in these cases on clinical criteria (strong chest pain,
sweating, nausea), biomarkers (ascension of troponins and CK-MB) and
echocardiography. RBBB does not mask STEMI, ST-segment elevation can be
identified relatively easily in these patients.

V6

V2

V1 V3

V4

V5

DI

DII

DIII

aVL

aVF

aVR

ASFB   LBBB  RBBB+
ASFB
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Anterior STEMI 
Mid/proximal LAD occlusion Anteroseptal STEMI 

Distal LAD occlusion
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2. Anterior STEMI. LAD mid/proximal
occlusion. ST-segment elevation in V2-V5
possibly in DI and/or AvL.

V6

V2

V1 V3

V4

V5

DI

DII

DIII

aVL

aVF

aVR

V6

V2

V1 V3

V4

V5
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DII

DIII

aVL

aVF

aVR
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3. Anteroseptal STEMI Occlusion of
the distal LAD. ST-segment elevation in V2-V4.
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Anterolateral STEMI 
Occlusion of the LAD first diagonal branch of 

4. Anterolateral STEMI. Occlusion of the 1st diagonal branch of
LAD. ST-segment elevation in DI and AvL.

5. High lateral STEMI. ST-segment elevation in AvL only. To
better see the ST-segment elevation, precordial electrodes are
placed one intercostal space higher (X leads) or even two spaces
higher (Y leads). Now elevations can occur on X(Y)5 and
X(Y)6 leads. The coronary occlusion is also on the first diagonal
branch, but this branch is shorter.

V6

V2

V1 V3

V4

V5

DI

DII

DIII

aVL

aVF

aVR
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According to Sclarovski. ECG in Acute Myocardial Ischemic Syndromes , Martin Dunitz Publishing, 1999

V1 => LAD supplies the right side of IVS
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Left coronary variants and infarct area size in the anterior LV wall STEMI locations
ECG-coronary occlusion site correlations are indicative given the existence of anatomical variants of the coronary arteries. To remember:

Regardless of the anatomical variant always when the ST segment elevation occurs in V2 /V3 the occlusion is on the LAD. Sometimes LAD also
provides branches for the right side of the IVS. In these cases we also can see a ST-segment elevation in V1.Otherwise, the size of the infarct area
in the anterior LV wall STEMI locations also depends on the participation of CXA in LV blood supply. Thus in figures (a), and (b) below it can be
seen how at the same LAD occlusion the infarction area is smaller in the examples (a) because a large part of the anterior myocardium is
irrigated by a voluminous marginal artery originating in CXA. Instead in figure (c) the marginal artery is shorter so that the infarction area is
larger. Figure (d) shows ST-segment elevation also in V1 (branches from LAD for the right side of IVS). Figure (e) shows how a STEMI can be
produced on the anterior LV wall by occluding a large marginal branch of CXA. ST-segment elevation now occurs in V4-V6 but NOT in V2 /V3 (so
clearly the occlusion is not on the LAD)

a
b c e

ECG – nothing easier! Chapter IV. Ischemic heart disease

da
b c ed



AvL

DIII

AvL

DIII

AvL

DIII

AvL

DIII

“Short” LAD, 
proximal occlusion

98

According to Sclarovski, ECG in Acute Myocardial 
Ischemic Syndromes , 
Martin Dunitz Publishing, 1999

SL       CL SL       CL SL       CL
DS= standard leads; CL = chest leads

4. In patients with STEMI located
on the anterior LV wall we can
deduce on the ECG whether or not
the LAD exceeds the apex of the
heart (whether it is a “long” or
“short” LAD) by comparing the ECG
pattern from AvL with the one in
DIII (NB: if an LAD exceeds the apex
and reaches the inferior LV wall so
infarction extends to this wall. The
inferior wall is "seen" directly by
DIII lead and indirectly by AvL).
-“Short” LAD, proximal
occlusion: ST-segment elevation in
AvL with “mirror” image in DIII ( ST-
segment depression).
-“Long” LAD, proximal occlusion:
ST-segment elevation in AvL with
slight ST-segment elevation (or
normal ST) in DIII .
- “Short” LAD distal occlusion: in
AvL and DIII we do not have ST
elevation. We can see this elevation
in the V2-V4 leads only.
-“Long” LAD, distal occlusion: ST-
segment elevation in DIII with
“mirror” image in AvL.

“Long” LAD, 
proximal occlusion

“Short” LAD, 
distal occlusion

“Long” LAD, 
distal occlusion

ECG – nothing easier! Chapter IV. Ischemic heart disease
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Two examples of large
anterior STEMI (proximal
LAD occlusion)

A. LAD is probably a short one
because in DIII a ST segment
depression we can see.

B. LAD is probably long because in
DIII we have an (almost) normal
ECG or even a ST segment slightly
elevated . It should be noted that,
unlike (A), the ST elevation also
appears in V1, which suggests the
LAD's participation in the
irrigation of the right side of the
IVS. This STEMI can evolve as a
deep septal STEMI (anterior
STEMI extended through IVS to
the lower wall of the LV) (see
another example below)

A B

ECG – nothing easier! Chapter IV. Ischemic heart disease



Anterior STEMI ( “tombstoning pattern”, see arrows)
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Another patient with a large anterior STEMI (“tombstoning pattern”, see arrow)
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Anterior STEMI. ”Long” LAD Anterolateral STEMI. First diagonal branch occlusion

ECG – nothing easier! Chapter IV. Ischemic heart disease



Large anterior STEMI complicated with RBBB. Triangular “QRS-ST-T waveform” with the same severe prognostic significance as that of  
“tombstoning ECG”. 
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Posteroinferior STEMI 
RCA occlusion 
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is higher in DIII then the occlusion is on
RCA. If it is higher in DII then the artery
involved is CXA.

- If ST-segment elevation occurs in
V1 then the occlusion is on the
proximal RCA, before the origin of the
marginal branch for RV. That means
that infarction is extended in
RV. Confirmation is obtained by
recording the ST elevation in V3 R, V4 R.

- If the occlusion is more distal, beyond
the origin of the marginal branch, the
ST-segment elevation appears in DII,
DIII only. In V2 -V4 we have the image “in
the mirror”
7.Posteroinferolateral STEMI.
Coronary occlusion is on the CXA. ST-
segment elevation is recorded in DII, DIII,
AvF, V5, V6 and in the right chest leads
you can see the ST-segment depression
("mirror" image).

In the case of a proximal occlusion of
CXA, before the origin of an important
marginal branch for the anterior LV wall
you will see ST-segment elevation in DI ,
DII, AvL, V4-V6 and ST-segment
depression in V1 (“in the mirror”

Posteroinferoateral STEMI 
CXA occlusion 

6. Posteroinferior STEMI. Coronary occlusion can be on RCA or CXA. ST segment elevation is recorded in DII, DIII, AvF, possibly in V7 -V9 and in
the right chest leads a ST depression is recorded (practically the ST elevation on the rear wall seen "in the mirror"). The location of the occlusion
(RCA/CXA) can be assumed by comparing the ST elevations in DII /DIII. If the ST elevation is higher in DIII then the occlusion is probably on the RCA. If
it is higher in DII the occlusion is probably on the CXA. If the elevations are equivalent then the difference is made by the amplitude of the T wave. If it
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Inferior STEMI – proximal RCA
occlusion

Coronary occlusion is on the proximal RCA
before the emergence of the marginal branch for
RV. The patient has inferior STEMI (ST elevation
in DII, DIII, (with higher DIII elevation than DII)
and AvF. ST elevation also occurs in V1 (which
“betrays” the infarction extension to RV). RCA
probably is shorter because we have no signs of
posterior STEMI (no ST-level elevation occurs in
V1-V4) Probably posterior wall irrigation is
provided in this patient by CXA.
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Two posteroinferior STEMI patients –
distal RCA occlusion

The RCA occlusion is AFTER the emergence
of the marginal branch for RV. Consequently,
ST-segment elevation can be seen in DII, DIII,
AvF and ST depression in V2,V4. DI and AvL
indirectly "see" the lower wall. Consequently, in
these two derivations there is a ST segment
depression (“in the mirror” with DIII).
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Posteroinferolateral STEMI – proximal
CXA occlusion

CXA occlusion is before the emergence of the
marginal branch for LV. Consequently, on the ECG
there are ST elevations in DI, AvL V5, V6 (leads
that "see" the infarction directly on the
anterolateral wall of the LV) and ST segment
depressions in the right chest leads (which "see"
indirectly the infarction on the posterior wall.
Infarction on the posterior wall is "seen" directly
(as ST segment elevation) in the extreme left
chest leads (V7-V9). But we also guess the STEMI
extension on the lower wall through the discrete
ST segment elevation in DII and (even more
discreetly) in DIII. It should be noted that the ST
elevation in AvL is more discrete than that in DI
(although both derivations "see" directly the same
territory). This is because AvL is located
“reciprocally” relative to DII, DIII so that the ST
changes in AvL (ST elevation) are attenuated by
what happens on the lower wall, which AvL sees
indirectly (as ST segment depression). By mutual
cancellation, the changes in AvL and in the lower
leads, respectively, appear to be discrete.
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8. Inferior STEMI. Distal occlusion of either
RCA or CXA. ST-segment elevation occurs in DII,
DIII, and AvF, without a "mirror" image in the right
chest leads.
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Posteroinferior STEMI. Coronary occlusion is probably on the RCA
(ST and T wave elevation are higher in DIII compared to DII)

Inferior STEMI

ECG – nothing easier! Chapter IV. Ischemic heart disease
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9. Posterior STEMI. The
occlusion is probably distal on a
shorter CXA, which does not reach
the inferior wall of the LV. STEMI is
betrayed by the ST-segment
depression in V2 -V4 and can be
confirmed by the ST segment
elevation in V7 -V9 .

10. Deep septal STEMI. It
appears on the ECG as a combination
of an anteroseptal with an inferior
STEMI. Therefore, the ST-segment
elevation is recorded in V2 -V4 , DII,
DIII, AvF. The occlusion is on the RCA
and the necrosis comprises the
anteroseptal LV wall and extends
through the IVS on the inferior wall.

ECG – nothing easier! Chapter IV. Ischemic heart disease



IV.5.3. ECG in STEMI patients with left bundle branch block (LBBB)
The right bundle branch block (RBBB) does not influence the STEMI criteria.

LBBB can masks the ECG criteria of infarction, so the diagnosis of infarction must be suspected in the clinical context (strong, persistent chest 
pain, accompanied by sweating, arrhythmias) and biomarkers (ascension of troponin/CK-MB).
There are several ECG criteria, however, that can contribute to the diagnosis of STEMI in a patient with LBBB. Their sensitivity is low but the 
specificity is high:
-minimum ST-segment elevation of at least 1 mm in at least one ECG lead with a positive QRS complex (“concordant” elevation of the ST-segment).
-“Discordant” ST-segment elevation > 5 mm. in an ECG lead showing a negative QRS complex.
- ST-segment depression > 1 mm. in V1 , V2 or V3 .

These criteria are rarely met in practice. That is why the decision to reperfusion therapy in such patients is made on clinical criteria.
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ECG criteria of myocardial reperfusion

ST-segment resolution over 50% during the first 60 minutes after the onset of PPCI or during the first 180 minutes after the onset of
thrombolysis.

In general:
-reduction of the ST elevation over 70% means complete reperfusion and excellent prognosis;
- reduction of the ST-segment elevation between 30-70% means partial reperfusion and good prognosis;
-reduction of the ST -segment elevation <30% means failure of myocardial reperfusion and a poor prognosis..

Note:
1. T-wave negativation is a complete reperfusion marker with a better prognosis than persistence of the positive T-wave;
2. Development of the Q wave is almost the rule after reperfusion (marker of the reperfusion injury
syndrome)

Reperfusion arrhythmias: the most common is the accelerated idioventricular rhythm (AIVR; synonym = non-paroxysmal ventricular
tachycardia). In rarer cases, paroxysmal ventricular tachycardia or even ventricular fibrillation may occur.

111

IV.5.4. ECG criteria of myocardial reperfusion in STEMI patients

The modern treatment of STEMI consists of early coronary reperfusion, either by primary angioplasty or by thrombolysis. Coronary
desobstruction does not necessarily mean, however, the resumption of flow in the myocardial microcirculation and, thus, the limitation of the
infarct area. There is therefore a difference between coronary reperfusion and myocardial reperfusion. We can have a perfect resumption of the
coronary flow (coronary reperfusion) but without a myocardial reperfusion (the so-called myocardial “no reflow” phenomenon). The
electrocardiogram is the best method to evaluate the quality of myocardial reperfusion because its dynamics is dependent on the dynamics of the
electrical activity of the myocytes. Thus, the rapid resolution of the ST-segment elevation following a reperfusion procedure usually attests to
excellent myocardial reperfusion. On the contrary, the persistence of the ST-segment elevation attests to the failure of myocardial reperfusion
(myocardial “no reflow”) despite coronary reperfusion.

ECG – nothing easier! Chapter IV. Ischemic heart disease



Before PPCI      After PPCI           30 min.                   60 min.                90 min.            180 min.                360 min.

12 hours                24 hours                      36 hours           48 hours          72 hours            96 hours

ECG dynamics suggestive for
myocardial reperfusion in a
47-year-old male patient
with anterior STEMI treated
by primary
angioplasty. Complete ST-
segment resolution after the
procedure. Note that neither
a Q wave nor a negative T
wave occurred (very early
reperfusion).
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A B C D
Coronary angiography in patient with the ECG dynamics presented on the previous page. (A). LAD occlusion; (B) critical LAD stenosis after 
passage of the guide through the thrombus; (C). Expansion of the drug eluted stent at the level of the stenosis; (D) resumption of the normal 
coronary flow.
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Thrombolysis onset        30 min. 40 min.             50 min.      66 min.    120 min. 156 min.                            

Typical ECG dynamics of complete coronary reperfusion in a patient with inferoposterior STEMI treated by thrombolysis (streptokinase). Complete 
resolution of the ST-segment elevation. T wave became negative. Note the Q-wave development (marker of reperfusion myocardial injury).
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rPA 21 min.        22 min.     30 min.       60 min.  110 min.         159 min.   170 min.     174 min.        240 min.   24 hours

Typical ECG dynamics of complete coronary reperfusion in a patient with anterior STEMI treated by thrombolysis (alteplase). Complete resolution 
of the ST-segment elevation. T-wave became negative. Note the Q-wave development. Between 159 minutes and 240 minutes after the onset of 
thrombolysis, the patient developed episodes of ventricular tachycardia as a reperfusion arrhythmia. See also the next page.
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V1

V2

V3

V4
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Reperfusion arrhythmia:
unsustained ventricular
tachycardia recorded at 170
minutes after the onset of
thrombolysis in the patient
presented on the last two pages
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Before PPCI                                        after PPCI                            6 hours after PPCI                  24 hours                      48 hours                   72 hours

A patient with ECG dynamics of failure of myocardial reperfusion (myocardial “no reflow”) after primary angioplasty for anterior STEMI.
Note the persistence of the ST-segment elevation after angioplasty

ECG – nothing easier! Chapter IV. Ischemic heart disease
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Chapter V
Arrhythmias  
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V.1. Sinus arrhythmias
V.1.1. Sinus tachycardia
V.1.2. Sinus bradycardia
V.1.3. Sinus respiratory (“phasic”) or non-respiratory (“non-phasic”)

arrhythmia
V.1.4. Ventriculophasic sinus arrhythmia
V.1.5. Sinus wandering pacemaker 

V.2. Ectopic arrhythmias
V.2.1. Escape (passive) beats/rhythms

V.2.1.1.Atrials
V.2.1.2.Junctionals
V.2.1.3.Ventriculars

V.2.2. Usurpation (active) beats/rhythms
V.2.2.1. Wandering pacemaker: atrial, junctional
V.2.2.2. Extrasystole (premature contraction):atrial, junctional or ventricular
V.2.2.3. Parasystole: atrial, junctional or ventricular
V.2.2.4. Tachycardia: fast rhythms up to 250/min. It can be atrial, junctional or 

ventricular
V.2.2.5. Flutter: fast rhythm, rate between 250-350/min. It can be:atrial or 

ventricular
V.2.2.6. Fibrillation: fast rhythm, rate between 400-600/min. It can be:

atrial or ventricular

V. Classification 

Automatic disorders can occur inside 
of the excito-conductor system, from 
the SAN to the Purkinje ventricular 
cells or may originate outside the 
excito-conductor system.

Automatic disorders may be:

- ESCAPE (PASSIVE) 
arrhythmias: they may appear 
when the automatic activity of the 
SAN decreases too much or even 
stops. They are rhythms of 
salvation, to avoid an asystole.

-USURPATION (ACTIVE) 
arrhythmias they can appear either 
inside of the excito-conductor system 
or outside of this system. The 
pacemaker activity of these centers is 
now higher than that of the SAN.
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V.1.Sinus arrhythmias  
V.1.1. Sinus tachycardia: sinus rhythm with a frequency over 100/min.

Normally, the SAN discharge frequency is (50) 60-100 / min.
Mechanism :

a). reducing the threshold potential (its electronegativity increases)
b). increase the membrane potential (its electronegativity decreases)

Through these two mechanisms the distance between the membrane potential and the threshold potential is reduced. Hence, the duration of 
phase 4 is shortened, and, consequently, the rate of the SAN discharge increases.

c). phase 4 acceleration (“If” current). Hence, the duration of an action potential decreases. As a result, the number of potentials per unit 
time increases.

Examples:
a), Adrenergic stimulation 

(emotions, exertion, fever, thyrotoxicosis);
b). Metabolic abnormalities;
c). Hypokalemia: accelerates the slope of

phase 4;
d). Hypocalcemia: shortens the duration

of the action potential of the SAN pacemakers
cells;

e). Hypoxia and acidosis:

Sinus tachycardia103/min.

121

ECG – nothing easier! Chapter V. Arrhythmias



V.1.2. Sinus bradycardia

Mechanism:
a). increasing the threshold potential (its electronegativity decreases)
b). reduction the membrane potential (its electronegativity increases)
Through these two mechanisms the distance between the membrane potential and the threshold potential increases. Hence, the duration 

of phase 4 increases, and, consequently, the rate of the SAN discharge decreases.
c). phase 4 deceleration.

Example:
a) cholinergic stimulation => release of acetylcholine. It acts on a muscarinic receptor => opening a specific K + channel [IK (Ach)] => 

increases membrane permeability to potassium => hyperpolarization of cells in SAN or in AVN. The membrane potential becomes more 
electronegative, moving away from the threshold potential.

b) metabolic abnormalities
c) hyperkalemia: decrease of the phase 4 slope; increases the electronegativity of the membrane potential;
d) hypercalcemia: increases the duration of the action potential of the pacemaker cells in the SAN.

Inspiration

Sinus bradycardia 44/min.

122

ECG – nothing easier! Chapter V. Arrhythmias



Inspiration Expiration

Sinus respiratory (“phasic”) arrhythmia

V.1.3. Sinus respiratory (“phasic”)and non-respiratory (“non-phasic”) arrhythmia
It is characterized by variations in sinus rhythm. The respiratory form is characteristic of young people: the sinus rate accelerates in 

inspiration and decelerates in expiration. That is why it is also called “phasic”. Mechanism: variations in vagal tone that decreases in inspiration and 
increases in expiration. No clinical significance.

The non-respiratory form is usually found in patients with severe heart disease. Variations in sinus rhythm are not related to the phases of 
respiration ("non-phasic" arrhythmia). The clinical significance is one of severe heart disease.
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Ventriculophasic sinus arrhythmia in a patient with a 2/1 atrioventricular block

V.1.4. Ventriculophasic sinus arrhythmia is common in patients with grade II or III of atrioventricular block. ECG criterion: 
the interval between two successive P waves that includes a ventricular complex (QRS) is shorter than the interval between two successive P 
that does not include a QRS complex.

The mechanism seems to be a vagal effect. Ventricular systole-induced arterial distension between two P waves stimulates the vagal receptors of the  
arteries the effect being the decrease of the discharge rate of the sinus node, fact objectified by lengthening the P-P interval after ventricular systole.

(Skanes AC, Tang ASL , Ventriculophasic Modulation of Atrioventricular Nodal Conduction in Humans. Circulation. 1998;97:2245-2251).

There is also a paradoxical form of ventriculophasic sinus arrhythmia in which the P-P interval that includes a QRS complex is longer than a P-P 
interval that does include a QRS complex. An example is from our own experience which you can see below.

Paradoxical form of ventriculophasic sinus arrhythmia
Such examples have been also reported in the literature

(Liu T, Shehata M, Wang X. Paradoxical ventriculophasic sinus arrhythmia during 2:1 atrioventricular block Journal of Cardiology Cases 
February 2011, Vol.3 (1): e37-e39).

900 msec.      800 msec.

680msec      760 msec.
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V.1.5. Intra-sinus wandering pacemaker
SAN is a range of cells on the posterior wall of the RA. There is a descending hierarchy of the automatism of the SAN pacemaker 

cells. There are situations in which the sinus stimulus comes from the pacemaker cells from the upper part of the sinus node, after which the 
center moves to the middle position, then the lower part and back. On the ECG this behaviour is "betrayed" by 2 characteristics:

- the morphology of the P wave (positive in D II ) changes being wider when the stimulus comes from the upper area. As the center
descends to the lower portion the P wave flattens or may even become biphasic

- the sinus frequency changes being higher when the stimulus comes from the upper area of the SAN and lower as it descends to the 
lower part of the SNA.

= the P-R interval remains normal.

A suggestive example for intra-sinus wandering pacemaker induced by carotid sinus compression (CSC) in a 17-year-old boy. The P wave is tall, 
positive in DII, the heart rate is 96 /min. The P-R interval is short. After CSC, the heart rate decreases to 75-80 / min. simultaneously with the 
flattening of the P wave (the sinus center migrated from the upper to the lower part of the sinus node).

CSC
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V.2.1. Escape (passive) beats/rhythms

The reduction/cessation of the automaticity of a pacemaker will be followed by the “escape” of an underlying pacemaker that will take over the
automaticity of the heart but at a lower frequency than that programmed for the overlying center (phase 4 is slower as the escape center is beyond
the SNA-see Chapter I). If there are three or more escape beats we are talking about a passive replacement (escape) rhythm . .

V.2.1.1. Atrial escape beats/rhythms are rare and occur in pathological conditions.

1. Coronary sinus rhythm (inferior atrial rhythm, Zahn rhythm) occurs relatively frequently in patients with 
infero-posterior myocardial infarction. The artery of the sinus node originates in 60% of cases in RCA and in 40% in CXA. A proximal occlusion of 
the artery responsible for the sinus node may affect its automaticity. As a result, the automatism of a center located in the area of the coronary 
sinus, can occur. The stimulus from this center will spread retrograde (from the bottom up) to the atria and anterograde (to the AVN and through it 
to the ventricles).

V.2. Ectopic arrhythmias

ECG criteria:
- Negative P wave in DII, DIII , AvF, positive or echidiphasic in DI and positive in chest leads;
- normal P-R interval (0.12-0.21 sec)
The rate of the inferior atrial rhythm is 50-60/min.
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Coronary sinus rhythm (Zahn rhythm, 59/min.) in
a patient with an inferior STEMI. Negative P wave in DII,
DIII , AvF, positive in DI, AvL. Normal P-R interval (0.13-
0.14 sec.).

0,14	s.

DII

DIII
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Source: https://johnsonfrancis.org/professional/left-atrial-rhythm/

2. Left atrial rhythm is rare. The appearance of automatism in atrial non-pacemaker cells usually translates into severe myocardial 
distress. Propagation of the atrial stimulus is now done from left to right and from bottom to top.
ECG criteria:

- negative P wave in DI and/or left chest leads (usually in V6);
- a particular aspect of the P wave in V1 (“dome and dart”) described as specific for this rhythm but very rare (1,2)

The P wave is negative in DII , DIII , AvF given the retrograde atrial depolarization. This aspect is not a criterion for the left atrial rhythm 
and can be found in the rhythm of the coronary sinus or junctional rhythms. P-Q (R) interval is normal (over 0.12 sec.)

A “dome and dart” 
P wave (1)

1.Mirowski M, Neill CA, Taussig HB. Left Atrial Ectopic Rhythm in Mirror-Image Dextrocardia and in Normally Placed Malformed Hearts.Report of Twelve 
Cases with "Dome and Dart" P Waves. Circulation. 1963;27:864–877
2.Harris BC, Shaver JA, Gray S 3rd, Kroetz FW, Leonard JJ. Left atrial rhythm. Experimental production in man. Circulation. 1968 Jun;37(6):1000-14.
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Atrial depolarization vector orientation in left atrial beats/rhythm
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Propagating from left to right the atrial depolarization vector "runs" away of V5 , V6 , which is why the P wave is negative in these leads 
(depending on the variation of the orientation of this vector the P wave may be negative even in all chest leads). Likewise, the projection of this 
vector on DI , DII , DIII and AvL will be from the negative to the positive pole, so the P wave will be negative in these leads as well (or echidiphasic
in DI if the vector is perpendicular to this lead).
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V.2.1.2. Junctional escape beats/rhythms

These are the most common escape rhythms. The normal discharge rates of these centers is 40-60 / min. A sequence of three or more junctional 
beats is called a junctional rhythm. Atrial depolarization is retrograde, which is why the atrial depolarization vector will project negatively on the 
DII, DIII, AvF leads. However, ventricular depolarization is normal, on the His- RBB-LBB –Purkinje route. Following QRS complexes are 
normal. Scholastic describes:

- a superior junctional rhythm,
- a medium junctional rhythm
- an inferior junctional rhythm

depending on the upper, middle or lower location of the escape center inside the A-V junction.
In the superior localization the negative P wave in DII, DIII, AvF precedes the QRS complex being attached to it due to the fact that the atrial 

depolarization precedes the ventricular one. The P-Q interval is short (under 0.12 sec). The P wave is positive in DI or at most echidiphasic.

“Superior” junctional rhythm
55/min: negative P wave in DII, DIII, AvF that
precedes the QRS complex being “glued” to it. P-
R interval is short (under 0.12 sec.)
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“Middle” junctional rhythm
54/min: regular succession of
narrow QRS complexes, without being
preceded or followed by a P wave.

In the “middle” location of the
junctional center, atrial and
ventricular depolarization are
performed simultaneously. The P wave
will not be visible being masked by the
QRS complex.

“Inferior” junctional rhythm
40/min: regular succession of
narrow QRS complexes, followed by a
negative P wave in inferior leads.

P

P

P

In the inferior location of the
junctional center, the ventricular
depolarization precedes the atrial
one. As a result, the negative P wave
from DII, DIII and AvF will be displayed
after the QRS complex and tightly
attached to it.
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Important!: the classification of junctional rhythms in “superior”, “middle”, “inferior” is purely scholastic. As a matter of fact there are not
pacemaker cells in the the N region of the AVN. Hence, a real “middle” junctional rhythm is not possible. As a matter of fact conductibility of the
junction is responsible for location of the negative P wave in relation with the QRS complex. For example, in the case of an upper junctional center
if there is a delay in the time of retrograde propagation of the junctional stimulus in the atria then atrial depolarization can be done
simultaneously with the ventricular or even after the ventricular one. In these situations the P wave is either masked by the QRS complex or will
appear after the QRS complex creating the false image of “medium” or ‘inferior” junctional rhythm, respectively (see the figure below).
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DI

DII

DIII

AvR

JB

The escape junctional beat (JB) after a ventricular premature complex (PVC). JB is preceded by a half-wave P which is the initial atrial 
depolarization by the SAN but which does not reach the ventricles because JB took it before.
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V.2.1.3. Ventricular escape beats/rhythms
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They usually occur in high-grade atrioventricular blocks or in infrahisian grade III atrioventricular blocks (see Chapter
VI). Ventricular activity is taken up by an idioventricular center, usually a Purkinje cell. However, the stimulus from this center will depolarize
the ventricles through the myocardial mass and not through the fast conduction pathways (RBB and LBB). The propagation of the stimulus is
slow through the myocardial mass. For this reason, QRS complexes will become wider, with a bizarre appearance. In general, if the
idioventricular center is located in the LV then the first to depolarize will be this ventricle and the RV depolarization will be delayed. For this
reason the appearance of QRS complexes will
be RBBB. On the contrary, if the idioventricu-
lar center is located in RV, QRS complexes
will look LBBB like. Idioventricular centers
are programmed to discharge stimuli with a
slower rate (25-40/min.)

Idioventricular rhythm 30/min.
This ECG was recorded in a patient with 3rd

degree A-V block. You can see QRS complexes 
with a rate of about 30 / min. P waves follow 
one another over a rate of 100/min but there 
is not a relationship between them and 
the QRS complexes. The atria are therefore in
sinus tachycardia and the ventricles in 
idioventricular escape rhythm.
The appearance of  QRS complexes is 
LBBB; that means that the 
idioventricular center is in the RV.
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Another example of 
idioventricular rhythm with 
a rate of 41/min. and QRS 
complexes with the appearance 
of LBBB in a patient with 3rd

degree AV block.  
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VI.2.2. Usurpation (active) beats/rhythms
Mechanism
1. Accelerating the automatism of latent (escape) centers underlying the sinus node (junctional or 

idioventricular ones) above their upper physiological limit can lead to "usurpation" of the sinus node activity and the intermittent or 
permanent takeover of cardiac automatism. Thus, junctional or idioventricular tachycardias may occur. They may be:

- “Non-paroxysmal” (accelerated junctional or idioventricular rhythm) if their rates is up to 100/min,

- “Paroxysmal” if their rate exceeds 100/min. (automatic paroxysmal junctional, ventricular or atrial tachycardia).
The ECG characteristics of junctional or ventricular tachycardias are identical to those discussed at the junctional and idioventricular escape 
rhythms. The difference consists in the higher rate of discharge of the escape centers only.

2. Ectopic pacemaker: the appearance of the pacemaker property in the working myocardium(acquisition of phase 4 
of spontaneous diastolic depolarization) to cells outside the excito-conductor system. The action potential of these cells acquires the configuration of 
that of the pacemaker cells (so with depolarization on calcium channels, potential curve with phases 4, 0 and 3 only).

Example: ischemic heart disease:

1. - Ischemic cells are no longer able to maintain their membrane potential at baseline (eg -90 mV for working ventricular myocytes). Partial 
membrane depolarization occurs, the membrane potential reaching values of -60 mV, at which activates Ca2+ L channels (at these potentials 
Na+ channels are no longer active). The same effect occurs in:

-hypokalemia;
- acidosis;
-depolarization with depolarizing current

Conclusion: these automatisms can be blocked by Ca2+ channel inhibitors.
2. There are differences of the resting membrane potential between the ischemic areas, in which the cells are partially depolarized and the 

healthy ones with normal resting membrane potential. These potential differences behave like the two poles of a battery between which electric 
currents can occur.
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3. “Trigger” activity: the triggering of potentials (depolarizations) by another potential (normal or pathological). They can be:

- Early afterdepolarizations: oscillations of the action potential either in phase 2 (phase 2 afterdepolarizations), or at the beginning of 
phase 3 (phase 3 afterdepolarizations). They can be unique or self-sustaining, inducing sustained oscillations of the action potential.

- Late afterdepolarizations: oscillations that occur in phase 3 of the action potential.
The classic example: digitalis intoxication. Digitalis blocks the Na+-K+ pump. Hence, an intracellular accumulation of Na+ occurs. As a result, 

Na+ will be taken out of the cell in exchange for Ca2+, which enters the cell. This input generates a current of Ca 2+ ; similarly, all causes 
of intracellular Ca2+ growth may generate late afterdepolarizations:

-catecholamines, by stimulating beta-adrenergic receptors induce the increase of adenylcyclase and, thus, the increase of cyclic AMP. It in 
turn activates proteinkinase that will phosphorylate transmembrane channels, including Ca2+ L channels ;

-hyperthyroidism;
-ischemia;
-decrease in extracellular K+ ;
-increase in extracellular Ca2+ ;

Reference:
Guo D, Liu Q, Liu T, Elliott G, Gingras M, et al. Electrophysiological properties of HBI-3000: a 
new antiarrhythmic agent with multiple-channel blocking properties in human ventricular 
myocytes. J Cardiovasc Pharmacol 2011. 57: 79–85. 

Right: Schematic representation of the normal action potential (A) and early afterdepolarizations
occurring in phase 3 following a disturbance of K+ channel activity (either by hypokalaemia or with
K+ channel blockers (dofetilide, amiodarone, sotalol) (B). The duration of repolarization is
lengthened by the fact that phase 3 of the action potential becomes slower as the activity of K+

channels is reduced). Early afterdepolarizations can be unique or repetitive generating severe
arrhythmias (VT, ViF)
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Late afterdepolarizations) may also occur in the following situations:
- exercise;
- rapid heart rate stimulation;
- some forms of monomorphic, repetitive ventricular tachycardia;
- ventricular tachycardia originating in the right ventricle outflow tract;
- myocardial infarction;
- reperfusion arrhythmias in infarction;
- infusion of aminophylline, isoproterenol;

4. Reentry is the most common mechanism of cardiac arrhythmias. Three conditions are required for the reentry to occur:
a). two pathways in which a stimulus can propagate;
b).an anterograde unidirectional block on one of the two paths. That means that the stimulus cannot propagate

anterogradely; Instead, retrograde propagation is possible.
c). a slow conduction of the stimulus on the other path, the one without unidirectional block.
In these conditions, a stimulus will propagate downward on the slow path, slowly enough so that it can propagate retrograde on the

unidirectional block path. Once back in the area of origin, this stimulus will be able to propagate again downwards on the slow path and,
backwards on the path with unidirectional block. A circulating wave appears which manifests itself as a "beacon" that emits electrical stimuli in
all directions with a rate dependent on the speed of the circulating wave.

The substrate of the reentry circuit can be:

- anatomical: anatomical structures favoring the reentry exist in all areas of the heart (atria, ventricles, nodules, Purkinje fibers,
etc.);

- functional: adjacent myocardial areas with different electrophysiological properties (excitability, conductivity, refractory
period). Example: functional longitudinal dissociation of AVN (Chapter I);

- anatomical and functional: the association of the anatomical substrate with the functional one (examples: in atrial flutter and 
ventricular tachycardia).
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Depending on the length of the reentry circuit we are talking about:

Macro reentry: the substrate is formed by long anatomical paths. Examples:
- WPW syndrome in which circuit includes atrium - an accessory pathway - ventricle - His bundle – AVN -atrium; 
- atrionodal accesory ways
- the two functional pathways existing inside of the AVN  (see chapter I);
-ventricular tachycardias by reentry in the intraventricular branches of the excitoconductor system (LBB, RBB, ASF, PIF).
Micro-reentry: small circuits, of the order of 12-35 mm. Examples: microcircuits that occur in areas with myocardial infarction, 

where there is electrical inhomogeneity.

5. Anisotropy. Intramyocardial transmission of stimuli at different speeds
The intercellular transmission of stimuli is achieved through structures called "gap junctions". Their electrical resistivity as well as their

spatial distribution determine the speed with which a stimulus passes through the myocardium.
In the atria and in some areas of the ventricles (except the subepicardial areas) myocardial cells are organized into unitary

bundles (2-30 cells surrounded by connective tissue). A single cell can have connections with up to 9 other gap junctions. These connections are
mainly at the ends of the cells and less on the edges but the overlap of the junctions causes the cells to be connected not only longitudinally but
also transversely. For this reason, the cells in a beam are activated uniformly and synchronously. The parallel beams are connected to each other
transversely, but the number of connections and gap junctions is smaller in this respect. Consequently, the longitudinal resistivity is low while
the transverse one is increased.

In the subepicardial area, muscle fibers are not grouped into unitary bundles. Each ventricular cell is connected to 11-12 other cells (in
three sizes). The intercellular junctions are evenly distributed, both at the cell ends and at the edges. Half of the gap junctions are located at the
cell ends and the other half at the edges. However, in the transverse direction a stimulus encounters more gap junctions than in the longitudinal
direction because the cell diameter is much smaller than its surface.

For the reasons stated above, conduction into the atria and ventricles is much faster longitudinally than transversely. Therefore, the
myocardium is anisotropic.

The anisotropy can be uniform and uneven. Uniform anisotropy is characterized by the constant propagation, in all directions, of a
stimulus although the longitudinal propagation speed is higher than the transverse one. This propagation implies a constant distribution of
cellular interconnections. Uneven anisotropy is characterized by the fact that cellular interconnections are constant in the longitudinal direction
while transverse interconnections are variable. Transversal areas appear where the stimulus cannot propagate transversely from one cell to
another. For this reason, the transverse propagation is zigzagged. There are, therefore, sudden shifts from a fast longitudinal to a slow transverse
one. This situation can occur, for example, in the elderly, with the development of connective tissue inside the unitary bundles.
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6. Increasing the gap junctions resistivity
Changing the resistivity of gap junctions can influence the propagation speed of an impulse. The most important way to increase the

resistivity of these structures is probably to increase the intracellular Ca2+ concentration . This increase is achieved, for example, in ischemia.

Additional data:
NB. In order to exist, reentry needs a critical (minimum) mass of myocardial tissue. For this reason, this mechanism rarely occurs in children or
in the heart of small mammals. This explains the rarity of ventricular fibrillation in these cases.

Anterograde unidirectional block . Mechanism:
- Regional differences in excitability (dispersion of the refractory period or dispersion of excitability recovery). The existence, in

parallel, of myocardial areas with different refractory periods, can compete for the appearance of reentry waves. The difference between the
refractory periods must not be very large if the length of the reentry circuit is large enough.

-Asymmetric depression of excitability. This phenomenon can easily occur in ischemia. Regional ischemia results in the inability of
suffering cells to maintain their membrane potential. As a result, their membrane potential tends to increase, approaching the threshold
potential. A first consequence will be to increase the cell excitability. However, due to the smaller difference between the value of the membrane
potential and that of the threshold potential, the slope of phase 0 of these cells will be slower and the maximum amplitude of the action potential
will also be lower. As a result, the propagation force of the created impulse will be weaker. This phenomenon can be unevenly distributed,
depending on the degree of ischemia of the area.
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The figure below shows the situation in which the severity of the ischemia of a myocardial area increases from left to
right. Consequently, the potential curve changes in the same direction. There is a progressive reduction of the membrane potential and, in parallel,
the reduction of the slope and amplitude of phase 0. Consequently, the amplitude of the impulse conducted from left to right, from the healthy area
to the interior of the ischemic area (hatched area), decreases progressively. Hence, the stimulus that manages to reach the right limit of the
ischemic area is too weak to depolarize even the normal cells that appear in front of it; as a result, the propagation of the impulse from left to right
is blocked. On the contrary, a stimulus that propagates from right to left will meet, at the transition from the healthy area to the ischemic area, the
area of ischemia with the greatest suffering (hence with the lowest conductivity). However, ischemic distress continues to decrease as the
stimulus spreads to the left. The amplitude of the impulse will increase progressively as the conductivity improves. In this way, the stimulus
manages to cross, from right to left, the ischemia area and to depolarize the normal tissue at the end of this area.

Changes in the geometric distribution and electrophysiological properties of the conduction pathways.
-Under certain conditions, the geometric distribution of the pathways in which a stimulus propagates can lead to the appearance of

unidirectional blocks. Thus, during propagation, a stimulus may alternatively shift from thin fibers to thicker fibers and vice versa. When
switching from a thin to a thick fiber, the speed of the stimulus decreases because the membrane area to be depolarized is larger in a thick
fiber. Hence, if the difference in diameter is large enough, a stimulus may even be blocked at the level of the thicker fiber. In contrast, with the
reverse propagation of the stimulus (thick fiber → thin fiber) the speed of the stimulus may even increase as it passes from the thick fiber to the
thin fiber. In this way, the same fiber cannot conduct the stimulus in one direction (unidirectional block) but can do it in the opposite
direction. Such a phenomenon can occur, for example, at the junction of Purkinje fibers (thin) with the working myocardium (thick
fibers). However, the phenomenon cannot practically occur on a normal heart because the safety factor is high (respectively, the intensity of the
current produced in the excito-conductor system is significantly higher than that required for propagation). However, under pathological
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conditions the electrophysiological properties of the fibers change. In ischemia, for example, the resting membrane potentials is closer to the
threshold potential. That is why the conductivity of the cells decreases. Under the conditions of associating the particularities of geometric
distribution with the modification of the electrophysiological properties, the phenomenon described above can occur, inducing the development of
unidirectional blocks.

The anisotropic properties of the myocardium can also be a geometric factor that can induce a unidirectional block (see above - Anisotropy).
Slow propagation path
The slow propagation path can be anatomical or functional.
Anatomical slow path , examples:

-atrioventricular node: is the slow pathway in macro reentry in WPW syndromes.
-in post-infarction myocardial sequelae.

Functional slow path, mechanisms:
-Reduction of the membrane potential The speed and amplitude of phase 0 of the action potential are the greater the more

electronegative the membrane potential and the greater the difference between it and the threshold potential. Hence, the distance that the
stimulus propagates is longer. This feature is explained by the fact that the activity of Na+ channels is higher the more electronegative the
membrane potential. Conversely, the lower the electronegativity of the membrane potential, the slower the slope 0 phase, the slower the
propagation speed of the resulting stimulus and the shorter its propagation distance. Hence, myocardial areas with less electronegative
membrane potential (eg ischemic areas) can be formed in slow ways within reentry circuits. Such slow pathways normally exist in the sinus node
and atrioventricular node. We must not forget that the pacemaker cells in have a resting potential of only -60 mV. Areas with less electronegative
membrane potential also occur in areas of ischemia. In fibers with low membrane potential, slow potentials can also be induced by the slow influx
of Ca2+ (L-channels) which is responsible for the phase 2 plateau. Potentials dependent on this Ca2+ influx are called slow responses.

A similar phenomenon occurs if a premature stimulus reaches the underlying tissue before its complete repolarization, after its
stimulation by the previous normal stimulus. The premature stimulus "falls" now on phase 3 of the action potential in the underlying area. In this
phase the Na+ channels are less active. The earlier the premature stimulus, the closer it will fall to the beginning of phase 3 and the less active
the Na+ channels will be. As a result, the stimulus that forms in the underlying tissue will be weaker and will spread more slowly. These action
potentials whose velocity and amplitude are dependent on the influx of Na+ through partially inactivated Na+ channels are called depressed fast
responses. Hence, a premature stimulus can induce a slow conduction and even an unidirectional block in an electrophysiologically normal area,
which therefore has a normal membrane potential.
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V.2.2.1. Wandering pacemaker is characterized by the migration of the dominant pacemaker. It can be intrasinus (see above), atrial 
(most common) or junctional (rarest).

Atrial wandering pacemaker is recorded on the ECG as a P wave that changes its morphology depending on the location in the atrium: it is 
positive in DII when it is in the upper part of the atria, it becomes biphasic when it reaches the middle atrium and negative when it reaches the 
inferior atrium. The heart rate is regular. In the example below you can see how the center reaches the upper part of the A-V junction (P negative 
wave in DII , DIII with short P-Q interval.

Junctional wandering pacemaker should be inscribed as a negative P in DII , DIII , AvF to appear sometimes before, sometimes 
inside, sometimes after a QRS complex, tightly attached to it. In practice, I did not encounter this aspect.
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V.2.2.2. extrasystoles (premature contractions)
- Definition: premature ectopic beats that may or may be not followed by a pause. In this course I will use the term of “extrasystole”.
- Can be:

- atrial extrasystoles (AS), junctional extrasystoles (JES) or ventricular extrasystoles (VES);
- monomorphic (one morphology) or polymorphic (two or more morphologies);
- isolated or coupled (pairs of two), triplets (three extrasystoles one after the other) or groups. More than 6 successive AES = atrial

tachycardia; more than 3 successive VES=ventricular tachycardia;
- bi-geminate (each sinus beat followed by an extrasystole), tri-geminate (one extrasystole after a couple of sinus beats), quadri-geminate

(extrasistole after every three successive sinus beats, constant).
1. Atrial extrasystoles (AES). ECG diagnosis:

- early P’ waves, with a different morphology from that of the sinus P wave;
- followed by narrow QRS complexes, identical to those of sinus rhythm or with a RBBB (most common) or LBBB morphology in cases of

ventricular aberration (see chapter VI).
- followed by a pause that is equal to or less than twice the interval between two sinus P waves (non-compensatory pause). Mechanism: the

AES initially propagates through the atria, discharging the SAN and then reaching the ventricles. The SAN is “reset” and will resume emitting
stimuli (“will wake up”) after a time interval either shorter than the usual interval or exactly at the time before the reset).

In this gigure the P-P interval of the sinus rhythm is 440 msec. The P-P interval that includes an AES is 720 msec. (less than twice the sinus P-P 
interval).

- the morphology of the P’ wave may suggests the location of the AES ectopic center:
- positive P’ in DII and DI: the ectopic center is in the upper part of RA;
- biphasic P’ in DII and positive in DI: he ectopic center is in the middle portion of the RA;
- negative P’ in DII, DIII, AvF and positive or achidiphasic in DI and normal P'-Q interval:the ectopic center is in the lower part of RA;
- negative P’ in DI, DII, DIII, AvF and in V5, V6 :the ectopic center is probably in LA.

440                  720           

AES AES

P’ P’
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Bigeminate AES
(each sinus beat is
followed by an AES)
from the inferior
portion of the atria
(probably RA):
because the P’ way is
negative in DII, DIII,
AvF. Normal P-R
interval.

Bigeminate AES
probably located in
left atrium:
(negative P’ wave in
DI, DII, V5).
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Quadri-geminate AES

Tri-geminate AES 
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Blocked AES

If an AES occurs very early
or in patients with disorders of
the A-V conduction the atrial
depolarization front generated
by this AES will find the AVN in
absolute refractory period.

Therefore AES will not be
able to be transmitted to the
ventricles (it will be blocked in
the AVN). In these situations
only the P’ 'wave is recorded
without being followed by the
QRS complex; the after AES
pause will appear however
(SAN is reset).

In the attached example, the P’
wave of AES is located on the T
wave of the sinus beat, which is
best seen in V1. In the other
leads the P’ wave is not
visible. Its existence is betrayed
by the pause it induces by
resetting the SAN.

Blocked ESA Blocked ESA
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2. Junctional extrasystoles
(JES) 

ECG criteria:
- negative P’ wave in DII, DIII , AVF which 

either:
- precedes the QRS complex with a 

short P'-Q interval ("superior" JES) when 
the JES focus is in the upper part of the 
junction

- or can be masked by the QRS complex 
(“middle” JES); the AES is betrayed by its 
premature QRS complex;

- or can follow the QRS complex 
(“inferior” JES)

The QRS complex is narrow, it has the 
same morphology as the ones seen during 
the sinus rhythm or can be modified if 
intraventricular aberration.

DI

DII

DIII

“Superior” bigeminate
JES. Premature negative P’ 
wave in DII, DIII (arrows) and 
short P’-R interval (under 0.12 
sec).
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“Superior” 
trigeminate JES
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Because sometimes the P’ wave of an AES or JES has a very small amplitude or is masked by the QRS-T complex it is not visible on the 
ECG the term of "supraventricular extrasystoles" is used, which encompasses both.

3. Ventricular extrasystoles (VES). In VES, the ventricular ectopic stimulus depolarizes the ventricles through the myocardial mass 
and not through the preformed intraventricular conduction pathways (RBB and LBB). The propagation of stimuli through the myocardial mass is 
much slower than on preformed pathways. Hence, a VES will appear as a large premature QRS complex, with a "bizarre" morphology. The VES 
wavefront tends to also propagate retrograde to the atria. On this way it will meet in the AVN with the wave front coming down from the SAN. The two 
wave fronts will collide and cancel each other inside the AVN. Consequently, after a VES, there will be a pause that is twice as long as that of a sinus R-
R interval (compensatory pause).
Attached you can see a VES followed by
a pause at the end of which a junctional 
escape beat (JB) appears. Before JB you 
can see half sinus P wave: it is the onset of 
atrial depolarization by the impulse coming
from the SAN. It has not been complete 
since JB took it first. The R-R interval of 
the sinus rhythm is 880 msec.
The P-P interval enclosing the VES is
1760 msec. (so double a P-P interval).
This interval must be taken into calculation 
To assess the after VES pause
and not the interval R before VES - R after 
VES because the R after VES belongs to
the JB and not to the sinus beat.

VES morphology can show us
location of the ventricular ectopic focus.
Thus, an VES originating in the LV will 
depolarize initially LV and then RV. So the
RV depolarization  is late compared to LV.
For this reason a VES coming from LV
will look like a RBBB. Conversely, a VES  from the RV will have a LBBB QRS morphology. 

880	msec

P

1680	msec

880	msec.																				1760	msec.

P

DI

DII

DIII

AvR

JB
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Frequently, the VES wave front propagates retrograde through the AVN before the anterograde arrival of the depolarization front
originating in the SAN. Hence, the depolarization front with intraventricular origin will retrograde depolarize the atria and will “reset” the
SAN, just as an AES does. On the ECG we will see the appearance of a negative P’ wave in DII, DIII, AvF and a positive P’ wave in AvR after and
tightly glued to the QRS complex of the VES (arrows in the image below). This is an “atrial capture”

960 msec.1920 msec.
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Bigeminate
VES

(each sinus beat 
is followed by a 

VES)

Trigeminate
VES

(two sinus beats 
are followed by a 

VES)

Quadrigeminate
VES

(three sinus 
beats are followed 

by a VES)
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Polymorphic VES pairs
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Isolated monomorphic
VES, coupled and in 
triplet
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Particular VES

Interpolated VES
Sometimes a VES is not followed

by a pause. This is because its
retrograde propagation to the
atria is either slower or VES
occurs later after the sinus
beat. As a result, the descending
depolarization front originated in
SAN is no longer blocked in the
AVN (the retrograde wave front
in the VES has not yet reached
there). Consequently the
depolarization front originating in
SAN passes through AVN and
depolarizes ventricles. Such VES
are called "interpolated”.

Here you can see two such
examples.
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“Late” VES is a VES with a long coupling interval relative to sinus beats so that the QRS complex of the VES “falls” on or immediately after the 
sinus P wave. Below you can see such an example (bigeminated “late” monomorphic VES)
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VES originating in the right or left ventricular outflow tract (RVOT/LVOT)are considered benign. They can be organized by
inducing ventricular tachycardia.

RVOT VES. They have a LBBB appearance with a vertical QRS axis (QRS echidiphasic in DI and negative in AvL) or right deviated.
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LVOT VES. They look like RBBB morphology but with a vertical QRS axis (QRS echidiphasic in DI and negative in AvL) or deviated to the right
(as in the example below). The transition zone of these VES is in the right chest leads (V1 or V2 ) so they have a R/S appearance in these leads
after which the appearance is with a tall R wave in the other chest leads.
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R/T VES

They are VESs whose R wave “falls” on the descending slope of
the T wave of the sinus beat immediately after the peak of the T
wave. On the attached ECG you can see such trigeminated R/T
VESs. These R/T VESs may indicate an increased risk of
malignant ventricular arrhythmias (VT/VF) and sudden death
because they "fall" into the so-called "supernormal" phase when
the excitability and conductivity in the myocardial area
suddenly increases. - see the following ECG recordings).
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R/T VES that induce a un-
sustained VT

Patient with anterior STEMI. You can see
the bigeminated R/T VES on the left
fragment, recorded in the standard leads.
On the right fragment, recorded in chest
leads, you can see how these R/T VES
initiate un sustained VT.
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Another patient with an anterior STEMI and R/T VESs 
that degenerates in VT 
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Another example of R/T 
ESVs that induce a polymorphic 
VT converted to sinus rhythm by 
an external electric shock

SEE
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V.2.2.3. Parasystole is characterized by the existence of
an ectopic focus that discharges stimuli parallel to the SNA node
and has an input block (so it is not discharged - "reset" - by the
sinus stimulus) and an output block (so not all stimuli emitted
from the ectopic focus reaches the surrounding
myocardium). By emitting stimuli on its own, without being
influenced by the sinus rhythm, a parasystole rhythm will
appear as an independent rhythm, parallel with the sinus
rhythm. This independence is highlighted by the ECG by three
criteria:

- the variable coupling interval of the parasystolic beats in
relation to the sinus ones.

- fixed interectopic intervals: the interval between parasystolic
beats is fixed or a multiple of a fixed interval.
- fusion beats: the two parallel rhythms can sometimes overlap,

when fusion beats appear, with an intermediate morphology,
between that of the sinus beats and that of the parasystole.

A parasystole can be ventricular, junctional, atrial.
Ventricular parasystole (see the attached ECGs): VES-looking
complexes have a rhythm (X) independent of the sinus
rhythm. For this reason:

- the coupling interval of parasystolic beats with sinus beats
is variable .

- the interectopic interval is fixed (X) or a multiple of the
smallest interectopic interval (in the attached example = 2X).

- intermittent discharge of the parasystolic focus occurs
simultaneously with that of the sinus node. At this point the
parasystolic depolarization wavefront meets in the ventricle
with the depolarization wavefront coming from the SAN. By
combining the two wavefronts a fusion beat (BF) appears.

X 2X 2X

2X 2X

2X X

BF

BF
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Junctional parasystole. Narrow QRS complexes, identical to those of sinus rhythm but without a P wave (“medium” junctional parasystole, JP)

PJPJ PJ PJ

PJPJ PJ PJ

PJPJ PJ

X = 800

X = 840

X = 1000

X = 800

PJ/BF

PJ

PJPJ

PJ PJ PJ/BF

with variable coupling interval with sinus beats. However, the discharge frequency of the junctional center is not fixed (X = 800/840/1000 msec.) 
reason for which the interectopic intervals are not constant. Intermittent sinus P wave occurs immediately before the QRS complex of the 
parasystole (possible fusion beat - JP/BF)
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Atrial parasystole
It is rare. On the attached ECG
path you can see a suggestive
aspect for atrial parasystole but
it is "caused” one. This ECG
belongs to a patient who has a
transplanted heart. The
rhythm is a sinus one. Above
this rhythm, you can see other
P’ waves (arrows) that appear
completely "on their own", in
parallel with the sinus rhythm,
sometimes before and after the
QRS complexes. They have a
variable coupling with normal P
waves. The P'-P’ (interectopic)
interval is fixed. P’ waves
sometimes "fall" on the sinus P
waves giving the appearance of
atrial fusion (AF). P’ waves are
never followed by a QRS
complexes. These P’ waves are
generated by the sinus node in
the remaining LA of the patient
on whom the LA of the donor
heart has been sutured. The
SAN on the donor is the one
that governs the electrical
activity of the transplanted
heart while the SAN on the
remaining LA of patient

AF AF AF AF

makes its presence through this P 'wave which appears as an atrial rhythm parallel to the sinus one.
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Supraventricular tachicardias bring together the atrial, junctional and atrioventricular tachycardias.
-They are narrow QRS tachycardias because they originate in the atria or in the AVN and the ventricular depolarization is 

performed on the normal route (His-Purkinje system). However, they also can be wide QRS tachycardias in the following situations:
-intraventricular aberrancy (see chapter VII);
- existing disorders of intraventricular conduction (LBBB or RBBB).
antidromic atrioventricular tachycardia (in preexcitation syndromes).

Ventricular tachycardias are wide QRS complexes because they originate inside the ventricles. Hence, the stimulus propagates slower 
through the ventricular myocardial mass.

Ectopic tachycardias are fast heart rhythms originating outside the NSA with a rate up to 250/min.
- supraventricular (atrial,junctional,atrioventricular)  or ventricular. 
- non-paroxysmal (rate under 100/min.) or  paroxysmal (rate 120-240/min.)
- regular/irregular

y

V.2.2.4. Ectopic tachycardias
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V.2.2.4.1. Atrial tachycardia. Narrow QRS complexes tachycardia, with a P-wave with different morphology from that of the sinus P-
waves. Usually appears by ectopic enhanced automatism.



Non-paroxysmal atrial
tachycardia 94/min.

The P-wave is echdiphasic in
all frontal plane leads (the P-
axis is therefore
perpendicular to the frontal
plane), is positive in V1 and
negative in all other chest
leads. The ectopic focus is
probably in the LA. Normal P-
R interval. Narrow QRS
complexes.
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Paroxysmal automatic atrial tachycardia 119/min.

The P wave is negative in the inferior leads and in V3 -V6 and 
positive in AvL and AvR. The ectopic center probably is in LA. 
Normal P-R interval.
It must be differentiated from atrioventricular tachycardia with a 
“slow” accessory way (see below).
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Right CSC 
Paroxysmal automatic
atrial tachycardia 230/
min. with 2/1 A-V block
(ventricular
rate:115/min)

Ventricular rate is 115/min.
After right carotid sinus
compression (CSC) a higher
degree of A-V block is obtained
which allows the visualization
of the P waves of atrial
tachycardia with a rate of
230/min., double the
ventricular rate at the
beginning of the recording.
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Non-paroxysmal “superior” junctional tachycardia 
(74/min.). 

- Negative P wave preceding the QRS complexes in DII, DIII, AvF, positive 
in the other derivations;
- Short P-R interval (<0.12 sec.).

This is a junctional tachycardia (or a junctional accelerated rhythm) not 
a passive junctional tachycardia because the rate is over the 40-60/min. 
of the normal junctional pacemaker cells.

V.2.2.4.2. Junctional tachycardias. Succession of 6 or
more junctional extrasystoles. Consequenly, tachycardia will be a
narrow QRS one, with negative P wave in DII, DIII, AvF located either
before the QRS complex, practically attached to this complex, so with
short P-R interval, <0.12 sec (“superior” junctional tachycardia) either
without a P wave (“middle” junctional tachycardia) or with a negative
P wave immediately after the QRS complex (“inferior” junctional
tachycardia).

The morphologies of junctional tachycardias are identical to those
of junctional escape rhythms, the difference being the higher rate of
the junctional tachycardia only.
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“Middle” non-paroxysmal junctional tachycardia
(78/min.)

- Narrow QRS complexes tachycardia. No P wave is recorded. It is
masked by the QRS complex. The atrial and ventricular
depolarization occur at the same time. The patient also has a
RBBB.
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“Inferior” nonparoxysmal
junctional tachycardia
(77/min.)

- Negative P wave
which follows the QRS complex
in DII, DIII, aVF.
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Paroxysmal “middle” junctional
tachycardia (134/min).
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V.2.2.4.3. Atrioventricular Node Re-entry Tachycardia (AVNRT)

- It is the most common form of paroxysmal supraventricular tachycardia. It can occur in healthy people given the functional duality of NAV
(see Chapter I and Chapter V - arrhythmias, mechanisms). Normally the sinus stimulus descends to the ventricle on both AVN pathways but
reaches the lower part of the junction on the fast pathway while on the slow one it is still on the way. Once at the bottom of the NAV on the fast
pathway, the stimulus propagates toward the ventricles and also retrograde, on the slow pathway, toward the atria hitting and virtually
cancelling the excitation front that descends on this pathway.

- If an AES occurs, this being a premature beat will reach early the upper part of the AVN. Being early, it now finds the fast way still in the
refractory period (a period that is longer in this path compared to the slow path). As a result, the stimulus starts to slow down to the ventricle
on the slow pathway, reaches the lower part of the AVN and from there returns to the atria on the fast pathway that has meanwhile left the
refractory period. A “slow-fast” circuit appears. On the ECG you will see a narrow QRS tachycardia with a rate between 120-240/min., The
retrograde P wave is either not visible (being masked by the QRS) or appears as a small negative P wave in DII , DIII, AvF after the QRS complex
and tightly attached to it so that in se leads it can be confused with a small S-wave. This P wave may be also clearly visible in AvR and V1, leads
in which it is positive.

- Sometimes the re-entry circuit is reversed, descending on the fast path and ascending on the slow path - (a ”fast-slow” circuit - see the figures
on the next page). In these patients, the negative P wave from the inferior leads is slightly offset by the previous QRS complex. It is practically
visible on the ST segment.
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Atrii

Calea A(a)
(lentă)
C    R  

Calea B(b)
(rapidă)

C    R

Ventriculi

NSA

NAV

C= conductibility; R= refractory

Atria

Ventricles

*AES

Atria

Ventricles
“SLOW-FAST” AVNRT

Atria

Ventricles

*AES

“FAST – SLOW” AVNRT

Normal AVNRT
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“Slow-fast” AVNRT (151/min). 

Narrow QRS complexes. No P wave. 
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Sinus rhythm after the right
carotic sinus compression in
patient with AVNRT showed
on the previous picture.

Right CSC 
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“Slow-fast” AVNRT
(150/min).

Narrow QRS complexes.
Negative P waves in leads
DII, DIII, AvF (it can be seen
as a false s wave in these
leads) and positive in AvR
and V1 (arrows).
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Source: Dr. Mike Cadogan. AVNRT for two in Life in the Fastlane Feb 2021, https://litfl.com/avnrt-for-two/ (with permission)
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ECG recorded after conversion
of the AVNRT showed on the
previous page. The negative P
waves in inferior leads and the
positive ones in V1 and in AvR
disappeared.
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Source: Dr. Mike Cadogan. AVNRT for two in Life in the Fastlane Feb 2021, https://litfl.com/avnrt-for-two/ (with permission)
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Sinus rhythm after 
Verapamil i.v. 5 mg.

“Fast-slow” AVNRT 
(187/min). 

Narrow QRS complexes, negative 
P wave in DII, DIII, AvF and 
positive in  AvR and V1 on the ST 
segment, detached of the QRS 
complex.  
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R-P < P-R

V.2.2.4.4. Atrioventricular re-entry tachycardias
(AVRT)

They occur in patients with pre-excitation syndromes (they have accessory
pathways between the atria and ventricles, see chapter VII). A two-way circuit
is thus made: the accessory pathway and the A-V node. It can be:
- “orthodromic”. In these patients the stimulus descends from the atria into
the ventricles through the AVN and returns to the atria on the accessory
pathway. The QRS complexes will be narrow because the ventricular
depolarization is done on the preformed pathways - His fascicle, RBB and
LBB. However, QRS complexes can become large if intraventricular aberration
or pre-existing RBBB or LBBB
- “antidromic”. In this patients the loops is reversed (descending on the
accessory pathway and ascending by AVN). The QRS complexes will be wide
because ventricular depolarization is done through the myocardial mass by
the stimulus coming through the accessory pathway.

Orthodromic AVRT

In the attached picture you can see this circuit descending through A-V
junction and ascending through an accessory pathway located between LV and
LA. The retrograde depolarization of the atria will be recorded on the ECG as a
negative P wave in the inferior leads and positive in AvR and V1. Unlike
AVNRT, the re-entry circuit is much longer so that atrial depolarization (P
wave) will occur much later than ventricular depolarization. As a result, the
negative P wave in the inferior leads will appear at a distance from the QRS
complex. The interval from the beginning of the R wave to the beginning of the
P wave (R-P interval) is shorter than the one from the beginning of the P wave
to the next R wave (P-R interval).
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Orthodromic AVRT 
125/min. with a fast 
accessory pathway

Narrow QRS complexes. Negative 
P wave seen at distance of the 
QRS complex (best seen in V1).
R-P < P-R.
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R-P < P-R

Amplified ECG recording seen
on the previous page. Narrow,
normal QRS complexes. The P
wave is clearly visible in V1,
away from the QRS complex. The
depolarization front that moves
downward through the A-V
junction rapidly returns from
the ventricles to the atria on the
accessory pathway given the
rapid conductivity of the
accessory pathway. For this
reason the R-P interval is
shorter than the P-R interval.

.
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R-P > P-R

It is the rarest form of paroxysmal supraventricular tachycardia. The 
circuit is orthodromic but the accessory pathway has a slow retrograde 
conductivity. For this reason, retrograde atrial depolarization is 
delayed. The R-P interval becomes longer than the P-R interval 
(attached figure).

This AVRT is permanent, incessant, as a general rule. It is rezistent to 
antiarrhythmic drugs and can led to dilated cardiomiophaty if the 
ablation of the accessory pathway is not performed
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Orthodromic AVRT 125/min. with a slow accessory 
pathway (Permanent junctional reciprocating tachycardia, 
“Coumel” tachycardia)
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R-P > P-R

An example of  orthodromic AVRT with a slow accessory pathway
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Antidromic AVRT

In the antidromic AVRT the re-
entry circuit is descending on the
accessory pathway and ascending,
retrograde, through A-V
junction. Arrived in the ventricles,
the stimulus propagates slower
through the myocardial mass. For
this reason, QRS complexes
become large. Hard to differentiate
(if not impossible) from
ventricular tachycardia.

•Source: Burns E, Buttner R. Pre-excitation syndromes in Life in the Fastlane Apr 6, 2021. https://litfl.com/pre-excitation-syndromes-ecg-library/ (with permission) 
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Orthodromic AVRT with 
a fast accessory pathway

Atria

Ventricle

AVNRT Antidromic AVRT

SLOW-FAST

R-P < P-R R-P > P-R
FAST - SLOW

Atrioventricular tachycardias – in summary
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Orthodromic AVRT with 
a slow accessory pathway
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V.2.2.5. Ventricular tachycardias (VT)

- Definition: three or more VESs succeeding each other at a frequency of 110-240/min.
They are tachycardias with wide QRS complexes because the excitation triggered somewhere in the ventricle either by ectopic mechanism, or 

by afterdepolarizations or by reentry circuits spreads to the ventricles through the myocardial mass, so much slower than on preformed 
pathways. They can be:

- Unsustained (less than 30 seconds) or sustained (more than 30 seconds)
- Non-paroxysmal (rate under 100/min. = accelerated idioventricular rhythm or paroxysmal (rate over 100/min.)
- Monomorphic (single QRS morphology) or polymorphic (two or more QRS morphologies)
- If they are monomorphic their morphology is either LBBB (for VT originating in RV) or RBBB (for TV originating in LV).

- ECG criteria:
- wide QRS complex
- QRS concordance in precordial leads (all QRS complexes are either with a large and wide R or with a large and wide S: there are no 

R/S complexes)
- Bizarrely oriented QRS axis toward AvR (tall R wave in AvR)
- Atrioventricular dissociation (atria can be in sinus rhythm, with P waves that can be identified either before or after QRS 
complexes, without any relation to them)
- Atrial captures : the ventricular stimulus can be retrograde transmitted by AVN in the atria. A negative P wave occurs in DII , DIII, 

AvF after each QRS complex.
- Ventricular captures: sometimes the sinus stimulus can pass over the AVN and spread to the ventricles if it finds the ventricle 

outside the refractory period
- Fusion beats: the depolarization wavefront originating in the SAN can reach the ventricles where it meets the depolarization 

wavefront originating in the ventricle. By combining them, a QRS complex with a hybrid morphology appears, between that of the VT and that of 
the sinus rhythm.

- Particular forms
- VT originating in the right ventricle outflow tract (RVOT)
- VT originating in the left ventricle outflow tract (LVOT)
- Fascicular VT (originating from the anterosuperior or posteroinferior fascicle)
- Polymorphic “Torsades des pointes” VT
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An example of VT 100/min. which
spontaneously converts to sinus
rhythm (the three ECG fragments are
one in continuation of the other.) In the
first strip you can see the retrograde –
ventriculo-atrial 1/1 conduction, (QRS
complex is followed by a negative P wave
- arrows). On the second fragment a
series of fusion beats can be seen:
narrower QRS complexes, but of variable
duration, preceded by positive P waves.
Their morphology is somewhere in
between that of beats during the VT and
that with a normal morphology for
V1. This morphology is due to the
intraventricular fusion of the
depolarization front that comes from the
SAN with the one originating from the
ventricular focus.

On the third fragment the first 6
complexes are fusion beats. Starting with
the 7th beat, the SAN captures ventricles
and the rhythm becomes a sinus one.

VT,atrial
captures

VT, fusion
beats

Sinus
rhythm

VT, fusion
beats
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Non-paroxysmal idioventricular tachycardia (accelerated idioventricular rhythm, 88/min.) in a patient with inferior STEMI.
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Paroxysmal VT 107/min.
in a patient with inferior
STEMI (infarction is revealed
by a ventricular capture - the
7th QRS complex from the
standard leads).
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Polymorphic unsustained VT
VT is induced by a R/T ventricular 
extrasystole.
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Monomorphic VT
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Monomorphic VT
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Ventricular tachycardia 

Free wall VT RVOT/LVOT VT Fascicular VT
(originating in ASF)

Fascicular VT
(originating in PIF)

Benign idiopathic ventricular tachycardias. There is a group of particular idiopathic VTs that appear on the normal heart. They are 
considered benign and have the peculiarity that they can yield to the administration of verapamil or adenosine. These VTs originate in the RV or 
LV outflow tract (see also RVOT and LVOT extrasystoles) or they are fascicular tachycardias (originating in either the anterosuperior or 
posteroinferior fascicle).

RV outflow tract (RVOT) tachycardia: they are LBBB type with a vertical or right QRS axis (see also RVOT extrasystoles).
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Right ventricle outflow tract (RVOT) tachycardia: LBBB pattern, right deviated axis
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Buttner R, Burns E. Right. Ventricular Outflow Tract Tachycardia in Life in the Fastlane, Mar 2021, https://litfl.com/right-ventricular-outflow-tract-rvot-tachycardia/ (with permission) 

ECG – nothing easier! Chapter V. Arrhythmias



Left ventricle outflow tract (LVOT) tachycardia. RBBB pattern and a vertical or right deviated QRS axis. The transition zone is
deviated to the right (R/S in V1/V2 ) followed by tall R waves in the remaining thoracic leads (see also LVOT extrasystoles)..
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Source:

Srivathsan K, Lester 
SJ, Appleton C, Scot 
LPP, Munger TM. 
Indian Pacing and 
Electrophysiology 
Journal 2005, (ISSN 
0972-6292), 5(2): 
106-121
(with permission)
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Idiopathic fascicular VT originating in the antero-superior fascicle. ECG criteria: 1. RBBB pattern; 2. QRS complexes are mild 
wider (110-120 msec); 3. Right axis deviation; 4. A-V dissociation; 5. Atrial captures. (In fascicular VT originating in the posteroinferior fascicle 
the QRS axis is deviated to the left.
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Source: Burns E, Cadogan M. Idiopathic Fascicular Left Ventricular Tachycardia in Life in the Fastlane, Feb 7, 2021. 
https://litfl.com/idiopathic-fascicular-left-ventricular-tachycardia/ (with permission)
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Polymorphic VT “torsades des pointes” - wide QRS complexes with a progressive changing pattern from positive to negative ones. 
- these VTs are frequent met in long Q-T syndromes;
- can be terminated by i.v. magnesium sulphate.
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Polymorphic VT “torsades des 
pointes”
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Polymorphic 
VT “torsades
des pointes”
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Polymorphic 
VT “torsades
des pointes”
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V.2.2.6. Flutter

Arrhythmia characterized by a rhythm between 250-350 / min.
It can be:
- Atrial
- Ventricular

Appears by triggering a reentry circuit in RA. It can be:

Typical
In this form the circuit is ascending in RA, along the interatrial septum and descending on 

the free wall of RA (90% of cases). There is also a typical “reversed” atrial flutter in which the 
circuit is reversed.

The ECG expression of these circuits is the appearance of the atrial “F” waves, asymmetric 
“saw teeth waves”, showing a fast slope and a slow one. In the typical atrial flutter the “F” 
waves are negative in DII, DIII , AvF (see figure) and in the inverted one they are positive in 
these leads.

Due to their very high frequency (around 300/min.), atrial depolarisations are not conducted 
entirely by A-V junction to the ventricles. An A-V block appears that can be fixed (the 
ventricular rate will be regular) or variable (the ventricular rate will be irregular). QRS 
complexes are normally narrow, with ventricular depolarisation occurring normally, via the 
His-Purkinje pathway). However, they can be wide if ventricular aberration occurs or if there is 
a pre-existing RBBB or LBBB.
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V.2.2.6.1. Atrial flutter
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F F F F
Typical atrial flutter with an 
2/1 A-V block
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Typical atrial flutter with an 2/1 A-V block

“Reversed” typical atrial flutter with an 2/1 A-V block
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Typical atrial flutter with an 4/1 A-V block
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Typical atrial flutter with a 
variable A-V block
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Atypical atrial flutter

“F” waves 250-350/min.
but with an “atypical” 
morphology.
Variable A-V block.
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V.2.2.6.2. Ventricular flutter

ECG criteria: Wide QRS complexes with a rate of 250-350/min., showing a constant morphology.
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V.2.2.7. Fibrillation 
-arrhythmia characterized by an irregular rhythm with a rate 
between 400-600 / min. It can be:

- Atrial

- Ventricular

V.2.2.7.1. Atrial fibrillation

ECG criteria: irregular, small amplitude oscillations of the
isoelectric line (“f” waves), with a rate of 400-600 / min. and
with variable amplitude. Atrial depolarizations (“f” waves)
attempt to pass through the A-V junction to the ventricles but
not all succeed because each passage through the A-V
junction changes its refractory period (”concealed
conduction") so that subsequent beats may/may not pass
through the A-V junction. For this reason the ventricular rate
will be much lower than the atrial rate and the ventricular
rate will be completely irregular.

QRS complexes will normally be narrow. However, they may
be wide in case of ventricular aberrancy or pre-existence of
LBBB or RBBB.
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Atrial fibrillation
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“f” waves
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Atrial fibrillation
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Atrial fibrillation 
with very small “f” 
waves (seen in V1)
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V.2.2.7.2. Ventricular 
fibrillation

ECG criteria. Irregular succession of
sinusoidal waves of variable amplitude and
duration, with a rate of 400-600/min.

From a hemodynamic point of view, it is
equivalent to a cardiac arrest because at such
a frequency the heart barely "flickers" the
small contractions, not being able to generate
enough intraventricular pressure so that the
LV can eject blood into the aorta.
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Chapter VI
Abnormalities of conduction
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Depending on the degree of block

First degree: a constant delay of the transmission of the 
impulse in a certain area. Each impulse is transmitted with 
the same degree of delay.

Second degree. Periodic interruption (blocking) of the 
transmission of an impulse. It can be:

First type (Mobitz I): the transmission time delay 
increases with each beat until the impulse is completely 
blocked (Luciani-Wenckebach periods) after which the 
sequence resumes.

Second type (Mobitz II): Constant blocking of a 
stimulus, without being preceded by prolonged pulse 
transmission.

Third degree (complete block): Complete blocking of 
stimuli in a certain area. The automatic activity of the area 
below the block level is taken over by an underlying center

High-degree block: apparently it is a complete block but 
some of the impulses are transmitted.

Topographic classification

Sino-atrial block (SAB): 1st/ 2nd/3rd degree;

Inter-atrial block (IAB): 1st/ 2nd/3rd degree;

Atrio-ventricular block (AVB):1st/ 2nd/3rd degree;

Intraventricular block:

Anterosuperior fascicular block (ASFB)
Posteroinferior fascicular block (PIFB)
Right bundle branch block (RBBB):  

incomplete/complete;
Left bundle branch block (LBBB): 

incomplete/complete
Bifascicular blocks: RBBB + ASFB or RBBB + PIFB
Trifascicular blocks: 

AVB (1st or 2nd degree) + RBBB or + LBBB
Bilateral block (alternating RBBB with LBBB)
Intra-myocardial block (e.g.: periinfarction block)

Classification
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Sino-atrial block 
(SAB)

Atrio-ventricular block
(AVB)

-Left bundle branch block (LBBB)

- Postero-inferior fascicular block (PIFB)

-Antero-superior fascicular block (ASFB)
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Topographic classification of the abnormalities of conduction

Inter-atrial block (IAB)

Right bundle branch block (RBBB)

ECG – nothing easier! Chapter VI. Abnormalities of conduction



VI.1.1. First degree SAB
-delayed the propagation of the stimulus in the sinoatrial

junction
- has not ECG expression

VI.1.2. Second degree type 1 SAB
- progressive lengthening of the sinoatrial conduction time 

until a sinus stimulus is blocked. There is a pause, after which 
the sequence resumes. The greatest elongation of the 
conduction time occurs at the second beat in the sequence after 
which the degree of delay compared to the previous beat is 
reduced. For this reason what you need to draw attention to
is the progressive shortening of the P-P intervals until a 
pause occurs. A BSA 2nd degree type 4/3 you can see in the 
attached figure. You can see how the S-A conduction time 
increases at the second beat by 0.21sec compared to the 
previous S-A time. At the next beat the S-A time increase rate is 
only 0.04 sec.

ECG criteria:
1. Progressive shortening of the P-P intervals until a pause occurs;
2. The duration of the pause is less than the sum of the last two P-P 
intervals preceding the pause;
3. The P-P interval following the pause is longer than the last P-P 
interval before the pause.

VI.1. Sinoatrial block (SAB)
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Source: ECG learning center. https://ecg.utah.edu/lesson/6
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2nd degree type 1 SAB
(see also next page) 

10
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880 820 760 700 700 940

11

2nd degree type 1,  7/6 SAB

The P-P interval is progressively 
shortened from 880 msec. to 700 
msec. until a pause of 940 msec. 
occurs. 
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2nd degree type 1 SAB

222

ECG – nothing easier! Chapter VI. Abnormalities of conduction



VI.1.3. Second degree type 2 SAB
The appearance of the ECG is pauses in sinus activity that are a multiple/or nearly a multiple of a previous P-P interval. The pre-existing rhythm 

is regular, constant (it does not accelerate before the pause as in the IInd degree type 1 SAB.) Below you have an examples of SAB: SAB 3/2 and 
5/4.

If BSA persists for a longer period, the ECG pattern appears like a sinus bradycardia at a regular rate. In such cases, an i.v. 1 mg. of Atropine  is 
useful for the differential diagnosis. For example, if the patient has a  2/1 SAB then the sinus rhythm will suddenly double (for example from 40 to 
80/min.). If he has sinus bradycardia then the rhythm will start to accelerate progressively.

Differential diagnosis of the IInd degree type 1 SAB is done with the sinus arrest in which the P-P intervals are not a multiple of some P-P 
intervals before the break.

940 1880 940 1880

SAB 3/2 SAB 5/4
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3/2 3/22/1

2nd degree tip 2 (3/2 and 2/1) SAB
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Sinus arrest 

The sinus rhythm stops abruptly after the third beat. So two escape escape junctional beats (JB) after which the sinus rhythm is resumed. The first 
junctional beat occurs immediately after a sinus P wave that blocks it.
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JB JB

P

ECG – nothing easier! Chapter VI. Abnormalities of conduction



VI.1.1.4. Third degree (complete) SAB

The ECG aspect is of long pauses in sinus activity. Junctional or ventricular escape beats may occur after pauses. Without them, syncope can 
occur, which can be fatal. Third degree SAB and sinus arrest cannot be differentiated on the surface ECG.

VI.2. Interatrial blocks (IAB) 

Prolongation of the P wave duration > 0.12 sec. apart from any cause of left atrial overload (hypertrophy)

VI.2.1. First degree IAB 

VI.2.2. Second degree IAB  

Type 1. Progressive prolongation of the P-wave duration to the appearance of complete IAB (see below). The morphology of the P wave becomes 
positive in DII , DIII and biphasic +/- in AvF. 

Type 2. For example normal P wave alternating with P wave lasting more than 0.12 sec. (IAB 2/1)
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2nd degree type 1 IAB
You can see the progressive 
prolongation of the P waves 
(arrows)
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According to Bayez de Luna A. et al.Diagnosis of interatrial block. J Geriatr Cardiol 2017 Mar; 14(3): 161–165.

VI.2.3. Third degree (advanced/complete) IAB 

The transmission of stimuli through the interatrial bundle is completely blocked. As a result, the stimulus does NOT propagate from RA to LA
through them but through the myocardial mass in the middle and lower part of the IAS. The atrial depolarization vector has horizontal
orientation from RA to LA becoming perpendicular to DII and AvF. The P wave becomes echidiphasic +/- in these leads. The positive component is
induced by the descending depolarization of RA and the negative one by the depolarization of LA from right to left and from bottom to top.
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VI.3. Atrioventricular blocks (AVB)  

VI.3.1. First degree AVB  
Constant prolongation of conduction time through the A-V junction above the upper limit of normal. ECG expression: long P-Q interval (over 0.21 
sec.(210 msec.). Below you can see two examples of 1st degree AVB. In the first example the P-R interval is 240 msec. and in the second one 440 
msec.

240

440
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4/3 3/2																																	3/2

VI.3.2. Second degree AVB   

1. Progressively prolongation the P-Q /R interval until the A-V conduction is completely blocked (a blocked P wave can be seen) after 
which the sequence resumes.

2. Progressive shortening
of R-R intervals until
the pause occurs. This  
phenomenon is induced by
the fact that   the greatest
elongation of the P-R
interval occurs at the second
beat following the pause.
Subsequently, the growth
rate of the P-R interval is 
lower and lower.

VI.3.2.1. Second degree type 1 AVB (Mobitz I, Luciani-Wenckebach periods)   

May occur in patients with sinus 
rhythm or supraventricular 
tachycardia / atrial flutter
Attached is an example of 2nd

degree type 1 AVB with 4/3 and, 
respectively, 3/2  L-W periods 
(see next page).
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260 400 440 260 420 260 440
A

A-V
V

1000 840

840            840            840          840        840            840            840           840            840

In the attached
example (ECG on the
previous page but with
leddergram) you can
see a sinus rhythm
with a constant P-P
interval, 840
msec. which
corresponds to a sinus
rate of 71/min. In the
first 4/3 AVB
sequence, the first P-R
interval is 260
msec. (1st degree
AVB). At the second
beat it increases by
140 msec. reaching
400 msec. At the third
beat the increase is
only 40 msec (from
400 to 440 msec). For
this reason, although
the P-R interval
progressively
lengthens, the R-R
interval shortens
(initially 1000 msec,
then 840 msec.) until
the blocked P wave
appears.
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3/2

2nd degree type 1  AVB (3/2 and 2/1 L-W periods)

Clinical significance of the 2nd degree type 1 AVB 
- Usually benign, with minimal hemodynamic disturbances;
- Reduced risk of evolution towards complete AVB;
- Asymptomatic patients do not need treatment. Cardiostimulation is rarely needed.

P P P
P/T P/T

P

3/2 3/2

PP P PP P PP P PP P PP P PP PPP P

3/2 2/1 2/1 2/1 2/1 2/1 2/1 2/1

P/T P/T P
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VI.3.2.2. Second degree  type 2 (Mobitz II) AVB

4/2

4/3

Clinical significance of the 2nd degree type 2 AVB
- Usually organic, occurs on fibrotic myocardial lesions;
- Often accompanied by intraventricular blocks;
- More frequently (over 75%) the site of the block is distal (sub-hisian) reason why the QRS complexes are wide (see below at complete AVB);
- May occur suddenly (inducing syncope);
- It can evolve towards asystole or towards complete AVB;
- Usually the patient needs a cardiac pacemaker.

Intermittent blocking of a P wave, not preceded by the progressive lengthening of the P-R interval (the P-R interval of the beats transmitted to 
the ventricles is constant). In example A we have a 4/3 AVB (the fourth P wave is not followed by QRS; previous P-R intervals are constant)

A

B

In example B we have a 4/2 AVB  (the P-R intervals of the previous beats of the block are constant)
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VI.3.3. High degree AVB  
Almost complete blocking of transmission through the A-V junction. At a superficial glance the appearance may suggest complete AVB but on 
careful analysis it is observed that the ventricular rate is NOT regular. This involves the occasional transmission of stimuli from the atria to the 
ventricles. The next step is to identify ”ventricular captures” (atrial stimuli followed by QRS complexes)

High degree AVB
Ventricular

capture

In the example above you can see the P waves succeeding each other in the first part of the recording  without any connection to the QRS 
complexes. Sinus P waves appear sometimes before, sometimes after these complexes. At one point, however, there are two P waves that are followed 
by the QRS complex. Thus, two “ventricular captures” appeared. AVB is therefore not complete: from time to time the atrial stimulus passes through 
the A-V junction and captures the ventricles.
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Ventricular
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High degree AVB
Ventricular

capture

In the example above you can see that the P waves initially succeed without any connection with the QRS complexes. The first 4 QRS complexes are 
broad. Ventricular activity is therefore taken over by an idioventricular center. In the middle of the recording you can see a P wave which is 
followed by a normal (narrow) QRS complex. It is a ventricular capture. After this capture the apparent image of the complete AVB resumes
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High degree AVB
Ventricular capture

FB

Here you can see a
ventricular rhythm with
wide QRS complexes
(idioventricular rhythm)
in parallel with P waves
(well seen in V1)
apparently without any
connection between
them. The frequency of
the P waves is 150/min.
(sinus tachycardia) and
of QRS complexes
46/min. At some point a
P wave is followed by a
normal (narrow) QRS
complex. It's a
ventricular capture.
Note the first QRS
complex which is
preceded by the P wave
and is less wide
compared to the next
QRS complexes. It is a
fusion beat (FB) by fusing
the depolarization front
originating in the SAN
that meets in the
ventricles with the
depolarization front
originated in the
idioventricular center.
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VI.3.4. Third degree (complete) AVB
Complete interruption of stimulus propagation over the A-V junction. Ventricular activity is taken over by an underlying automation center.
The atrial activity can be:
- Sinus rhythm: on the ECG you can see P waves with a higher rate than the one of the QRS complexes and without any relation to the QRS complexes;
- Flutter: “F” waves without any relation to the QRS complexes;
- Fibrillation: “f” waves with regular ventricular rhythm.

Depending on the level of block and the automatic escape center the 3rd degree AVB can be:

1. Suprahisian: the AVB level is high, inside the A-V junction, above the bifurcation of the His fascicle  in LBB and RBB, respectively. Consequences:
1. The ventricular rate is acceptable (40-60 / min) because the underlying center is in the A-V junction;
2. QRS complexes are narrow;
3. It responds to atropine (the rate of the underlying center can accelerate after atropine - because in the A-V junction we have vagal 

endings).

Here you can see P waves with
a rate of 68/min. and narrow
QRS complexes with a rate of
40/min. The atria are in sinus
rhythm and the activity of
ventricle is taken over by a
junctional center – junctional
escape rhythm.There is not any
relation between the P waves
and the QRS complexes. P
waves can be seen either before
or after the QRS or even on the
T wave.
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Suprahisian 3rd degree AVB

The rate of the P waves is 136/min.
(sinus tachycardia). The QRS 
complexes are narrow and their 
rate is 45/min (junctional escape 
rhythm).

ECG – nothing easier! Chapter VI. Abnormalities of conduction



- Infrahisian: the AVB level is below the A-V junction, below the HIS fascicle. Consequences:

1. The rate of the P waves is 100/min;
2. The escape pacemaker is inside the ventricles (Purkinje cells) so the QRS complexes are wide and the ventricular rate is low (25-40 

/ min); 3. It does not respond to Atropine.
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Atrial fibrillation and 3rd degree AVB

The “f” waves of atrial fibrillation can be seen very well in V1. However, the ventricular rate is NOT irregular (as it should be in atrial fibrillation) 
but perfectly regular with a frequency of 32/min. We have, therefore, a 3rd degree AVB, with the atria in fibrillation while ventricular activity 
was taken over by a center located probably in the atrio-ventricular junction (QRS complexes are narrow, escape junctional rhythm). The 
appearance of rS in V1 -V5 with sudden transition to R in V6 suggests a heart attack sequelae on the anterior wall of LV.
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Atrial fibrillation and 
3rd degree AVB
(same comments as the 
ones for the previous ECG)
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VI.4. Intraventricular blocks

VI.4.1. Anterosuperior fascicular block (ASFB) Antero-superior
fascicular blockIn ASFB, ventricular depolarization occurs normally on the RBB and the postero-

inferior fascicle. Instead, the anterosuperior fascicle is blocked. As a result, after rapid
depolarization of the RV and the posteroinferior area of the LV, the stimulus will propagate
through the myocardial mass from the lower right to the upper anterolateral. Hence, the
QRS axis will be deviated to the left.

ECG criteria:

1. QRS axis deviated to the left (-45-90 0 ) apart from any other cause that can evolve 
with left axial deviation;

2. Normal QRS duration (<120 msec)
3. qR pattern of the QRS complex in DI , AvL and rS in inferior leads (depolarization is 

initially done in the posteroinferior area, so lower and to the right)
4. Intrinsicoid deflection*(“R peak time”) > 45 msec in AvL (delayed depolarization in 

the anterolateral area of the LV)

Important differential diagnosis: old inferior infarction. In ASFB the QRS complex 
starts with a “r” wave in DII, DIII , AvF. In infarction the onset is with the Q wave.

• *Intrinsicoid deflection: the time of propagation of the stimulus from the endocardium to the 
epicardium. It is measured from the beginning of the QRS complex to the foot of the 
perpendicular descended from the tip of the R wave on the isoelectric line (see next page)

Reference:
Surawicz B, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the electrocardiogram: part III: intraventricular conduction 
disturbances: Am Coll Cardiol. 2009;53(11):976.
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45

AvL

ASFB

The QRS axis is at              
-60 0

- qR pattern in AvL and 
rS in DII, DIII, AvF
- The intrinsicoid
deflection is 45 msec. in 
AvL
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Postero-inferior
fascicular block

VI.1.4.2. Posteroinferior fascicular block (PIFB)

In PIFB ventricular depolarization is normal on the RV and on the anterosuperior
fascicle. The posteroinferior fascicle is blocked. Hence, after a rapid depolarization of the 
RV and the anterosuperior area of the LV, the stimulus will propagate through the 
anterolateral superior myocardial mass to the lower and right. As a result, the QRS axis 
will be deviated to the right.

ECG criteria:

1. QRS axis deviated to the right (90, 180 0 ) apart from any other cause that can evolve 
with right axial deviation;

2. Normal QRS duration (<120 msec);
3. rS pattern of the QRS complexes in DI and AvL and qR in DIII and AvF (initial 

depolarization of LV is done in the anterosuperior fascicle area, so initially the 
depolarization vector is oriented upwards and to the left. This vector is recorded as a 
“r” wave in DI and AvL and q wave in the inferior leads. Later the depolarization is 
oriented lower and to the right resulting a wide R wave in the inferior leads and S wave 
in DI and AvL.

It is the rarest conduction disorder. It usually coexists with RBBB

Reference:
Surawicz B, et al. AHA/ACCF/HRS recommendations for the standardization and interpretation of the electrocardiogram: part III: intraventricular 
conduction disturbances: Am Coll Cardiol. 2009;53(11):976.
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PIFB in a patient with anterior STEMIl
- QRS axis is at  +1200

- rS pattern in DI and AvL and qR in DII, DIII, AvF. 
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PIFB in a patient with an old anteroseptal myocardial infarction
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VI.4.3. Left bundle branch block (LBBB)

In LBBB, RV depolarization is normal. After the rapid
depolarization of the RV, the depolarization of the LV will be slow,
through the IVS and further through the voluminous mass of the LV
myocardium. Hence, QRS complexes will become wide. In addition, the
physiological q wave in DI, AvL and V5, V6 (expression of IVS
depolarization) will disappear because the LBB on which IVS
depolarization is performed is now blocked.

ECG criteria:
1. Disappearance of the Q wave in DI , AvL, V5, V6 (a sketch of q can still 

be seen in AvL in some cases)
2. Wide QRS complex > 120 msec .;
3. Wide R wave , sometimes crocheted, in DI , AvL, V5 , V6 (wider than R 

wave or > 40 msec.);
4. Intrinsicoid deflection > 60 msec. in V5, V6 ;
5. The ST segment and the T wave in opposition to the QRS complex 

(due to the delay of LV depolarization the repolarization will start in 
the subendocardial area and will propagate to the subepicardial
area, so inversely than normal);

6. QS or rS aspect in V1 ;
7. The QRS axis is usually deviated to the left.

The T - wave can be positive in leads where the QRS is positive 
(“positive concordance”);
- A depression of the ST-segment and/or a negative T-wave in leads 
where QRS is negative is abnormal (“negative concordance”)

Reference:
Surawicz B, et al. AHA/ACCF/HRS 
recommendations for the standardization and 
interpretation of the electrocardiogram: part III: 
intraventricular conduction disturbances: Am 
Coll Cardiol. 2009;53(11):976.
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LBBB with 
“positive 
concordanc” 
in AvL, V5

.

248

ECG – nothing easier! Chapter VI. Abnormalities of conduction



Incomplete LBBB (lbbb) 
– attached ECG

ECG criteria:

1. Disappearance of the Q wave in DI , AvL, V5 , V6 ;
2. QRS duration between 110-119 msec.;
3. Intrinsicoid deflection> 60 msec. in V4-V6;
4. The QRS axis is usually deviated to the left.
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ASFB Incomplete LBBB

ASFB vs Incomplete LBBB
(difference: the QRS complex is wider in lbbb)
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VI.4.2. Right bundle branch block (RBBB)

ECG criteria:
1. Enlargement of the QRS complex > 120

msec.;
2. rsr’, rsR', rSr patterns in V1 or V2 (see the

three examples below). The r’ or R’ wave
are usually wider than the initial r or R
wave. In a minority of cases the
appearance is of wide R possibly notched
in V1 ;

3. Wide S wave in DI , V6 (wider than the R
wave or over 40 msec.);

4. Intrinsicoid deflection > 50 msec. in V1 .
5. ST segment and T wave in opposition to the

QRS complex in V1 , V2 .

In RBBB, ventricular depolarization is normal on LBB. After the rapid
depolarization of the LV, the RV depolarization will be done slowly through the
myocardial mass of the RV, which is less developed compared to that of the LV. As a
result, the QRS complexes will appear narrow in their first part, widening in the
second part.

Reference
Surawicz B, et al. AHA/ACCF/HRS recommendations for the standardization and 
interpretation of the electrocardiogram: part III: intraventricular conduction 
disturbances: Am Coll Cardiol. 2009;53(11):976.
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RBBB (and bigeminate atrial extrasystoles)
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ECG criteria:

1. Larger QRS (110-120 msec.;
2. Same morphology as the one described at 

complete RBBB. 

Incomplete right bundle branch block (rbbb)

Reference
Surawicz B, et al. AHA/ACCF/HRS recommendations for the 
standardization and interpretation of the electrocardiogram: part 
III: intraventricular conduction disturbances: Am Coll Cardiol. 
2009;53(11):976.
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RBBB + ASFB (bifascicular block)

QRS morphology of rsR 'in V1 typical for 
RBBB + left deviated QRS axis (-60 0 ). The 
morphological criteria for both RBBB and 
ASFB are met.

This is the most common combination of 
blocks

VI.5. Combined blocks
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Atrioventricular and intraventricular 
blocks can coexist. There are, therefore, 
several combinations that can often be 
encountered in practice, as follows:



RBBB + PIFB (bifascicular block) in a patient with 
previous STEMI. rsR’ pattern in V1, typical for RBBB 
with QRS axis much deviated to the right. The ECG 
criteria for both block types are met.
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First degree AVB+RBBB (trifascicular block). Typical pattern of RBBB in V1 (rsR ') and long P-R interval (0.36 sec.) – first degree 
AVB. So RBBB + a delay on left bundle branch which is divided into ASF and PIF (hence the name trifascicular block)
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Second degree type 2
AVB + LBBB
(trifascicular block)

You can see a sinus rhythm,
the P waves rate is 80/min.
but only the second P wave is
followed by a QRS complex
(2/1 AVB). The morphology
of the QRS complexes meet
the LBBB criteria.
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Second degree  type 2  AVB + RBBB 
(trifascicular block)

258

ECG – nothing easier! Chapter VI. Abnormalities of conduction



Third degree AVB + RBBB 
(trifascicular block)

P waves well seen in V1, 75/min. Only 
the second P is followed by a QRS  

complex. The QRS complexes have a  
rSR’ pattern showing existence of a 

RBBB.
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Third degree AVB+
RBBB+ PIFB
(trifascicular block)

The rate of P waves is
100/min. and the rate of
the QRS complexes is
60/min. There is no
relation between the P
waves and the QRS
complexes (complete AVB).
A rR’ pattern of the QRS
complexes can be seen in
V1, strongly suggesting a
RBBB. The QRS axis is
deviated to the right,
suggesting PIFB.
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VI.6. Periinfarction block (fragmented potentials)

ECG criteria:

-extending the duration of the QRS 
complexes in the leads showing infarct 
area. This enlargement suggests a delay 
in the spread of stimuli around the 
infarct area.

On the attached ECG you can see an 
aspect of rS (R wave amputated in all 
thoracic leads), typical for an  old 
myocardial infarction. In the infarction 
area the QRS complexes widen in their 
second part (in V2 the complex is even 
notched on ascending slope of the S 
wave).
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Anterior periinfarction block
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Definition:
- functional block on one of the conduction pathways.
- It can be:

- Ventricular (most common);
- Atrial.

VI.7.1. Intraventricular aberrancy occurs when one of the two branches (RBB/LBB) enters the refractory period (it is functionally
blocked). Usually (90%) this phenomenon occurs on RBB because physiologically it has a longer refractory period than that of LBB. Thus, RBBB-
type aberrancy occurs very frequently, including in people with normal structural heart, which is why it is considered benign. Instead, the LBB
aberrancy usually betrays a significant myocardial suffering so that the refractory period of LBB has increased so much that not only equaled that
of RBB but even exceeded it. The differential diagnosis must be made with ventricular arrhythmias which are also with wide QRS complexes.

VI.7. Aberrancy (aberrant conduction)

Mechanisms

1.Third phase block (“tachycardia dependent”).

It occurs at high heart rates because at some point, the stimuli end up being generated before the complete repolarization of the previous beat (so
on its 3rd phase). At this point, the difference between the resting potential and the threshold potential is lower. For this reason, Na+ channels are
less active. Therefore, the slope of the 0 phase is slower and has a lower amplitude. Thus the QRS complexes become wide. At high frequencies one
of the branches (usually the right one) may no longer conduct stimuli at all. On the ECG, the QRS complexes look like a bundle branch block.
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RBBB type aberrancy

LBBB type aberrancy

V1

Two examples of aberrancy that occurs when the
rate of the sinus node increases (third phase
block).

A. RBBB type aberrancy. The first three sinus
beats are normally conducted to
ventricles. The sinus rate is 79/min. at this
point. Starting with the fourth QRS complex
the morphology is RBBB (aspect rsR’ in
V1). The sinus rate is 93/min. now. Therefore,
a RBBB aberrancy is recorded, the mechanism
being the 3rd phase block (rate-dependent
aberrancy or, equivalently, a rate-dependent
RBBB).

B. LBBB type aberrancy in an 82-year-old
patient. The first four QRS complexes have
normal rS morphology for the V1 lead. It can
be seen how the sinus rate accelerates and at
some point the QRS complexes acquire the
typical appearance of LBBB for the V1 lead. We
therefore have a tachycardia-dependent LBBB
type aberraancy (a rate-dependent LBBB).

A

B
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Atrial extrasystoles
with 3rd phase 
intraventricular 
aberrancy RBBB 
type
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Atrial extrasystoles
with 3rd phase 
intraventricular 
aberrancy LBBB 
type
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Atrial fibrillation with intermitent intraventricular aberrancy RBBB type (3rd phase block)

Ventricular aberration 
occurs frequently in atrial 
fibrillation. In the adjacent 
example you can see how, 
in periods with high 
ventricular rate, QRS 
complexes acquire the 
appearance of RBBB (3rd

phase block, see in V1)
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2  The fourth phase block (“bradycardia dependent”)

Phase 4 block is a rare mechanism. It has pathological significance, betraying a pathological condition in the His-Purkinje system. Their cells
can either acquire automatism (acquire 4 phase) or exacerbate it. Under these conditions, during a longer pause in supraventricular activity the
pathological area of the His-Purkinje system slowly depolarizes to the threshold potential. Therefore, a supraventricular stimulus that now
arrives in the His-Purkinje area will find this area partially depolarized, so with a small difference between the resting membrane potential and
the threshold potential. Consequently, the stimulus will penetrate slowly the His-Purkinje system or it may even be blocked. In the example below
you can see how after a sinus pause a P wave is followed by a large QRS complex with ST-T opposition (functional LBBB or LBBB aberrancy).
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His

RBB LBB

3. Retrograde invasion of a bundle branch
Occurs in supraventricular tachycardias. Example: the first QRS complexes are normal. Beginning with the 3rd QRS complex you can see a 3rd

phase RBB aberrancy. The stimulus descends into the ventricles on the LBB. Once at the apex it tends to return to the atria invading retrograde
RBB. In this way, the stimulus coming retrograde on the RBB will permanently block the “descent” on the RBB of the supreventricular
stimuli. Therefore the functional block on the RBB is perpetuated.
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4. Ashman phenomenon (described in 1947, also known as "long-short cycle" )

Atrial premature beat normally 
conducted in the ventricles

Atrial premature beat conducted with 
intraventricular aberrancy RBBB type

Long	cycle Long	cycleShort	cycle Short	cycle

The refractory period is dependent on the length of the previous cardiac cycle. A longer cycle is followed by a longer refractory period. Therefore 
a beat that occurs early after a long cycle can find one of the bundle branches (usually RBB) in the refractory period. As a result, it will spread to 
the ventricles on the other branch.
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Second degree, 3/2 AVB
Ashman phenomenon, RBBB 
type intraventricular 
aberrancy

At a superficial glance, large QRS 
complexes could be confused with 
ventricular extrasystoles. On closer 
inspection it can be seen that they are 
preceded by the P wave and their 
morphology is rsR ', typical for RBBB 
aberrancy.

Long cycle  Short cycle 

RBBB aberrancy RBBB aberrancy
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V1

V6

Aberrancy Ventricular beats/rhythms

Morphological criteria for differentiating intraventricular aberrancy from ventricular beats/rhythms

rsR’ R(r’)

qR rS

R/S > 1 R/S < 1

“rabbit ear 
sign”

RBBB type aberrancy – Wellens criteria
1. Whenever the appearance of RBBB
is rsR’ in V1 you most likely have a
supraventricular arrhythmia with
RBBB type aberration and not a
ventricular arrhythmia. This sign
(“rabbit ear sign”) shows you that
the initial ventricular depolarization
is normal: the r wave in V1 is the
expression of the normal
depolarization of IVS. Its presence
certifies that the stimulus is
supraventricular. Also, the QRS
complex “starts” normally, towards a
S wave which, however, suddenly
stops and the complex widens in its
second part. In summary, the
initial ventricular depolarization
occurs normally, so the stimulus that
induces it is supraventricular. The
QRS complex expands in its second
part due to the fact that after the
rapid depolarization of LV the
stimulus propagates slowly through
the myocardial mass of RV creating
the typical RBBB pattern.
2. The second Wellens criterion is the
aspect of qRs in V6 with R/S ratio
>1. The q wave has the same meaning
as the wave r in V1.
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V1/V2

V6

> 0.03

> 0.06

qFără q

Aberanță Bătăi/ritmuri ventriculare

LBBB aberrancy – Kindwall criteria

The aspect of intraventricular aberration LBBB
type is suggested by the narrow r wave (<0.03
sec) in V1/V2 leads followed by an S wave with a
very fast slope so that the distance from the onset
of the QRS complex to the tip of the S wave is less
than 0.06 sec.

In V6 aberration is suggested by the
disappearance of the Q wave and the notched
aspect of the QRS type RR'

On the contrary, if the R wave in V1 is wide (>0.03
aec.) and the downward slope of the S wave is
slow (even having an anchory on its path) so that
the distance from the beginning of the QRS
complex and the tip of the S-wave is> 0, 06 sec.
then the arrhythmia is ventricular. Towards the
same conclusion leads a QRS aspect of type qR in
V6

< 0.06
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*							*							*		*																							*											*												*		*						

VI.7.2. Atrial aberrancy

Aberration can also occur in
atrial arrhythmias.
Interatrial aberration
manifests itself as an
interatrial block that
appears under certain
conditions. In the attached
example the rhythm is sinus
but sprinkled with atrial
extrasystoles, some with
aberrant intraventricular
conduction RBBB type
(follow the QRS complexes
marked with an asterix).
However, intratrial
aberration also appears on
this sequence (see next
page)

The arrows indicate a
junctional escape
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In the ECG fragment below, I marked the atrial extrasystoles with AES. The P’ wave of the first AES is of type +/- a normal aspect for V1. Its
duration is normal. The post-AES pause and a new sinus beat follow. After this, a new AES appears, but its P’ wave has a different morphology: it
is very wide, lasting at least 0.14 sec. and in “m” letter appearance. It is followed by a rsR’ QRS complex typical of ventricular aberration. Both
changes (of the P’ wave and of the QRS complex) occur after a “short-long cycle” phenomenon (Ashmann). Identifying this phenomenon
together strengthens the diagnosis of intraatrial aberration (which manifests itself as a first degree IAB) and RBBB-type intraventricular
aberrancy.

P P P P P

AES AES AES

Ventricular 
long cycle

Atrial long cycle  Short cycle
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VII.1. Preexcitation syndromes

K

K
J

M
M

J= James fibers; K=Kent fascicles; M=Mahaim fibers; 

Accessory pathways can be:
- Kent fascicles: atrio-ventricular pathways (between RA-RV or LA-LV)
- James fibers: from RA, by-passes AVN;
- Mahaim fibers: between His fascicle and ventricles.  

The coexistence of parallel conduction pathways (i.e. fast
accessory pathways and the slow A-V junction pathway) is
an ideal condition for atrio-ventricular re-entry
tachycardias) (see in chapter V, Arrhythmias,
mechanisms)

Definition: partial activation of the ventricles by supraventricular stimuli that propagate through the parallel accessory pathways of the excitoc-
onductor system. The peculiarity of the accessory paths consists in the high conduction speed.
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D

D

0.10

0.13

0.09

1. Wolf-Parkinson-White (WPW). In WPW the accessory pathways are the atrio-ventricular Kent fascicles.
These fascicles can conduct stimuli from the atria directly into the ventricles. In WPW the SAN stimulus descends
through the atria and to the ventricles using both pathways, junctional and accessory. The accessory path conducts
faster to the ventricle than the A-V junction so stimulus reaches the ventricular myocardial mass before passing
through the A-V junction (ventricle pre-excitation). Arriving in ventricle this stimulus will propagate slower
because it runs through the myocardium. Meanwhile, the sinus stimulus passes slowly through the A-V junction
and from there it will rapid transmitted in the ventricles on the RBB and LBB The two waves of depolarization will
meet inside the ventricle. Thee QRS complex will be a fusion one between the two depolarization fronts.

- short PQ/R interval (<0.12 sec.) because the stimulus passes rapidly from the atria to the ventricles via the
accessory pathway;
- delta wave (D): a small widening of the QRS complex at its origin resulting from early ventricular depolarization by
the accessory pathway;
- wide QRS complex (> 0.11 sec) - due to the delta wave;
- ST-T opposition (may be absent);
- existence in the patient's history of episodes of atrio-ventricular tachycardia. In the absence of A-V tachycardia, we
are talking about WPW pattern and NOT about WPW syndrome.

2. Mahaim Syndrome. The accessory pathway connects the His bundle to the LV. So the stimulus from the SAN
first depolarizes the atria, then passes through the A-V junction after which it finds two paths to the ventricle: a fast
one (Mahaim fibers) and another on the RBB + LBB. From now on, everything happens as in WPW. Consequently:
:

3. Long-Ganong-Levine (LGL) Syndrome. The ECG criterion is of very short P-R interval (<0.10 sec) in a 
patients with sinus rhythm and a history of A-V tachycardia. In the absence of episodes of tachycardia we are talking 
about “short P-R syndrome” / “normal variant” / “LGL pattern”. 

ECG criterie

ECG criteria
- normal P-Q ® interval (0.12 - 0.21 sec.);
- delta wave (D); 
- wide QRS complex (> 0.11 sec);
- ST-T opposition (may be absent);
- existence of a history of A-V tachycardia. In the absence of A-V tachycardia, we are talking about "Mahaim pattern" a 
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Types of WPW syndrome

Depending on the orientation of the delta wave in the chest leads, three types of WPW syndrome are generally described.
A: a positive delta wave can be seen in all chest leads. The accessory way is probably between the LA and LV
B: the delta wave is negative in the right thoracic leads and positive in the left ones
C: delta wave is positive in right and negative in left chest leads.

Personally, in practice and in the literature I have met only type A and B.

Type A WPW
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Type A WPW: Positive delta wave in the chest leads 
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Type B WPW. Negative delta wave in right chest leads and positive in the left ones.
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Type B WPW

(can be considered as RBBB due to RsR' 
pattern in V1. However, the delta wave 
is clearly visible in other leads such as 
DII, DIII , AvF (where it is positive) and 
in AvL (where it is negative). By 
comparison with these delta waves we 
come to the conclusion that the first R 
wave in V1 is actually the delta wave. In 
fact, it is clearly visible from V3 to V6 .

283

ECG – nothing easier! Chapter VII. Miscellaneous



Mahaim syndrome

(the difference between WPW 
and Mahaim syndrome is the 
P-R interval which is normal 
in Mahaim while in WPW it is 
very short (the PR segment 
practically disappears).

The arrows indicate the delta 
waves
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Short P-R syndrome

P waves are of sinus origin 
(positive in DII) but the P-R 
interval is very short. The 
PR segment is missing.
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Short P=R syndrome
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VII.2. Electrolyte disturbances
In Chapter I was highlighted the role of ions (K+, Na+, Ca2+) in the resting membrane potential and in the action potential (depolarization and 

repolarization). The variation in concentrations of these ions may therefore influence these potentials.

VII.2.1. Hypokalemia. Reduction of the plasma concentration of K+ <3.5 mmol /L. It can be 
mild (3-3.5 mmol /L), moderate (2.5-3 mmol /L or severe (<2.5 mmol /L)

ECG criteria: (appear at K+ < 2,7 mmol/L):
- Flattening of the T wave (K+ is involved in ventricular repolarization-phase 3 of the action potential). If the 
hypokalaemia worsens the T wave becomes negative;
- The ST segment is depressed (K+ is also involved in the phase 2 of the action potential);
- The U-wave appears, the more severe the hypokalemia. The U-wave is the most characteristic ECG change 
in hypokalemia. The origin of the U wave is not known but it is suspected that is the expression of the 
repolarization of ventricular Purkinje cells;
- P-R interval lengthening;
- Slight widening of the T wave (repolarization is slower). By merging the T wave with U wave the Q-T interval 
(actually Q-U interval) is lengthened;
- Increases the amplitude and duration of the P wave;
- Through hypokalemia the excitability of the cell increases because it can no longer maintain its membrane 
potential (dependent on K + ) at normal levels of -90 mV. The membrane depolarizes, its potential increasing 
to - 60 mV of the threshold potential. The cell thus becomes more easily excitable. Hence the appearance of 
arrhythmias (atrial/ventricular). Prolongation of the Q-T(U) interval leads to the appearance of early 
postdepolarizations that can induce life-threatening arrhythmias (“torsade de pointes” and ventricular 
fibrillation) (see Chapter V. Arrhythmias. Disorders of automatism. Mechanisms).

2.8 mmol 2.5 mmol

2.0 mmol 1/7 mmol

Source: http://what-when-how.com/paramedic-care/diagnostic-ecgthe-12-lead-clinical-essentials-paramedic-care-part-7/
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A female patient with hypokalemia 
(2.6 mmol/L)

Flattened T wave, two VES R/T type 
(arrows) conducted to the atria (atrial 
echo, see negative P’ waves in DII, DIII, AvF)
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Hypokalemia
2.5 mEq/L

The T wave is flattened
ST segment is depressed. 
You can see a clear U-
wave in DII , AvF. The Q-U 
interval is long.

U

U

U
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Hipokalemia
2.2 mEq/L in a female
patient with ischemic
cardiomyopathy

The T wave is negative in chest 
leads. The Q-T interval appears 
as a long one. The elongation of 
the interval is actually done by 
the participation of the U wave 
which is also negative and 
merges with the T wave.
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VII.2.2.Hyperkalemia. Serum K+ levels> 5.5 mmol/L. It can be mild (5.5-6 mmol/L), moderate (6-7 mmol/L or severe (>7 mmol/L).

ECG criteria:

K+ between 5.5-6.5 mmol/L. Changes in the repolarization: the T wave becomes high and sharp, 
respectively. This is because ventricular repolarization now begins even faster in the subepicardial area 
(see Chapter I) after which repolarization begins in the subendocardial area. By overlapping the two 
depolarization fronts, the amplitude of the T wave increases and its morphology becomes symmetrical, 
sharp with a narrow base ("Eiffel tower" type). This shortens the Q-T interval. Hyperkalemia - practical 
soaking of the myocardium with potassium also leads to resting membrane hyperpolarization. The 
potential moves away from that of the threshold potential. The duration of phase 4 increases. This causes 
sinus bradycardia. On the other hand, the rate of myocardial depolarization is reduced.

K+ between 6.5-7 mmol/L. Progressive paralysis of the atria: the P wave flattens and widens 
(increases the duration of atrial depolarization /interatrial Ist degree block ). The P wave may even 
disappears. The P-R interval lengthens.

K + > 7 mmol/L. The QRS complex expands and becomes bizarre morphologies. Appears 3rd degree AVB 
and the automatism of the underlying centers (junctional /ventricular) is depressed so that the 
ventricular rate is very low. Any kind of intraventricular block (ASFB, PIFB, LBBB, RBBB) can also occur.

K+ > 9 mmol/L. The QRS complex ends in a sinusoidal shape (“pre-terminal” T wave). Cardiac arrest 
may occur at these levels.

6.5 mmol/L                   7.0 mmol/L

8.0 mmol/L                   9.0 mmol/L

Source: http://what-when-how.com/paramedic-care/diagnostic-ecgthe-12-lead-clinical-essentials-paramedic-care-part-7/
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Hyperkalemia

Note sharp, symmetrical T-waves 
with a reduced base (“Eiffel 
tower” type).
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Hyperkalemia

Note sharp, symmetrical 
T-waves with a reduced base 
(“Eiffel tower” type). This 
patient also has a RBBB.
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Severe hyperkalemia

T waves are tall, symmetrical,
Third degree AVB appeared. Center
that took over the ventricular 
activity is junctional (QRS 
complexes are narrow) but its 
automatism is also depressed so 
that the heart rate is 20/min. (a 
normal junctional center should 
have an automatism between 40 
and 60/min.).
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Severe
hyperkalemia

Atrial paralysis
(atrial activity is not
visible, we have no P
waves). 3rd degree
AVB with junctional
escape center
(narrow QRS
complexes) but with
depressed
automatism
(29/min.)
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Very severe 
hyperkalemia

QRS complexes have 
taken on a sinusoidal 
shape
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Hypocalcemia
(elongated ST segment) in
a 48-year-old patient with
hypochloremic alkalosis
induced by uncontrollable
vomiting after alcohol
abuse)
- Q-T interval = 0.56
sec
- QTc (Bazzet) = 0.64
sec
- Reduced levels of Ca2+ and
Cl- and alkalosis (pH = 7.63)
can be seen on the test
report.

VII.2.3.Hypocalcemia
The ECG criterion of hypocalcemia is the elongation of the ST segment proportional to the severity of hypocalcemia Thus, the Q-T interval is 
lengthened due to the elongation of the ST segment. The T wave can be negative in 50% of cases. Other criteria:
- narrowing of the QRS complexes;
- shortening of the P-R interval;
- Severe hypocalcemia can mimick a STEMI pattern and due to the long QT interval can lead to severe ventricular arrhythmias (torsade de 
pointes).
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A male patient with severe 
hypercalcemia (19.4 mg/dl)

VII.2.4.Hypercalcemia
The specific change in hypocalcemia is the shortening to extinction of the ST segment with the corresponding shortening of the Q-T interval.
In severe hypercalcemia, the ST segment may elevate by mimicking a STEMI. In other cases the J point raises the ECG aspect being identical to
that of hypothermia (Osborn wave).

Reference

Case Report
Ashraf Abugroun et al.
Hypercalcemia-Induced ST-
Segment Elevation Mimicking
Acute Myocardial Injury: A Case
Report and Review of the Literature
Case Reports in Emergency
Medicine Volume 2020, Article ID
4159526, 5 pages.

(Copyright © 2020 Ashraf
Abugroun et al. This is an open
access article distributed under
the Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction
in any medium, provided the
original work is properly cited).
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Source: https://litfl.com/hypomagnesaemia-ecg-library/

VII.2.5.Hypomagnezemia

ECG changes occur at severely low
levels of plasma Mg2+

(<1mmol/L). These changes are not
specific but are more similar to
those of hyperkalemia (P-wave
flattening, P-R interval elongation,
widening of QRS complexes, ST-
segment elevation, high and sharp
T-wave).

Therefore, the Q-T interval becomes
long and severe arrhythmias
(torsade de pointes) can occur.
Hypomagnesemia is usually
associated with hypokalemia
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Na+ channel blockers (Class I)

Class IA
Quinidin
Procainamide
Dysopiramide

Class IB
Lidocaine
Mexiletine
Tocainide

Class IC
Flecainide
Propafenone
Moricizine

Blocking Na+ channels   ERP

Moderate

Weak

Strong

ERP=effective refractory period

According to: Klabunde R.E. Cardiovascular Pharmacology Concepts. 
https://www.cvpharmacology.com/antiarrhy/sodium-blockers (with permission)

VII.3.1. Class I antiarrhythmic drugs are Na+ channels blockers. Therefore they interfere with phase 0 of the action potential. The 
slope of phase 0 becomes slower, the depolarization rate decreases and the amplitude of the action potential is reduced.

VII.3. Drug effects on the ECG
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A multitude of drugs interfere with the activity of Na+, K+, Ca2+ channels that provide the electrical activity of the heart. This causes changes in the 
action potential curve which, in one way or another, that can result in prolongation of the Q-T interval (acquired long QT syndrome) and, hence, in 
severe, potentially fatal cardiac arrhythmias.

The effect is inhomogeneous within the drugs
belonging to this class. The strongest Na+

channel blockers are those in the IC class
followed by those in the class IA. The
blocking effect of Class IB drugs is weak.
Class IA antiarrhythmics are also blockers of
K+ channels reason why they can lengthen
not only the duration of the QRS complex but
also the T wave. By this combined effect
elongates the Q-T interval which is not the
case with the IC class and so on less with
class IB (which really shortens duration of
action potential). In this way the effective
refractory period decreases with
antiarrhythmics IB, increases with IA and
does not change with IC.
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Propafenone intoxication in a 90 years old 
female patient

Accompanying phenomena: nausea, vomiting, 
abdominal pain.

Widening of QRS complexes that acquired a bizarre 
morphology (appearance of LBBB in the frontal 
plane leads and in V1-V5 but with the preservation of 
the Q wave in DI and AvL and without confirmation 
of LBBB in left chest leads (QRS complexes should 
have be positive in V5 , V6 ). The Q-T interval 
remained normal.

301

ECG – nothing easier! Chapter VII. Miscellaneous.



ECG recorded 12 hours after
hospitalization and
discontinuation of
propafenone in the patient
shown on the previous
page. QRS complexes have
become narrow again. The T
wave is negative in V1-
V4 showing an antero-septal
ischemia.
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VII.3.2. Class III antiarrhythmic drugs(amiodarone, sotalol, dofetilide)
They are K+ channels blockers.
Consequently, they can modify phase 3 of
the action potential in the sense of its
prolongation. Therefore the T wave
becomes wide and acquires a specific
appearance (bifid, “hump” appearance on
its descending slope). Hence, the Q-T
interval is lengthened due to the widening
of the T wave.

Another effect is the reduction of sinus
automatism (reduction of sinus rhythm)
and depression of conduction through AVN.

ECG recorded in a patient treated
with amiodarone

The patient is in atrial fibrillation ("f"
waves, irregular ventricular
rhythm). Ventricular rate is low due to the
effect of amiodarone on AVN. Note the bifid
appearance of the T wave clearly visible in
V2 -V3 .
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A patient with
hypokalemia treated
with Sotalol

You can see a flattened
(hypokalemia) and very
wide, bifid (sotalol) T wave
in chest leads. The Q-T
interval becomes very long
by associating
hypokalaemia and sotalol.
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P P P
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VII.3.3. Tricyclic antidepressants. They are also Na+ channels blockers. In addition, they are K+ channel blockers (similar to
class IA antiarrhythmics). They also have a muscarinic effect that translates into sinus tachycardia. Consequently, they can prolong both the
duration of the QRS and the T wave) and, by adding the two effects, they can lengthen the Q-T interval, hence early/late postdepolarizations can
initiate and severe ventricular arrhythmias (torsade de pointes or even ventricular fibrillation).

ECG criteria:
- sinus tachycardia;
- elongated P-R interval;
- wide QRS complex > 110 msec.;
- tall terminal T wave in AvR > 3 mm. (see figure below);
- R/S ratio > 0.7 in AvR
- axis deviation to the right of the terminal portion of the QRS

Source:
Burns E, Buttner. Tricyclic overdose in Life in the fastlane, Mar 30 2021.  
https://litfl.com/tricyclic-overdose-sodium-channel-blocker-toxicity/ (with permission)
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Tricyclic depressants overdose
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Source:
Burns E, Buttner. Tricyclic overdose in Life in the fastlane, Mar 30 2021.  
https://litfl.com/tricyclic-overdose-sodium-channel-blocker-toxicity/ (with permission)
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VII.3.4. Digitalis is a Na+/K+ ATP dependent pump blocker. Hence, the exit of Na+ from the myocyte and the return of K+ to the myocyte in 
phase 3 of the action potential is blocked. Faced of the risk of Na+ overloading the cell activates its exchange of Na+ with Ca2+. . Therefore, the 
intracellular intake of Ca 2+ increases and, thus, increases myocardial contractility. At the same time, the conductivity of the AVN and the SAN 
automatism decrease. By blocking phase 3, the digitalis effect on the ECG will be expressed by reducing the amplitude of the T wave. 
Specific “signature” a of digitalis
on the ECG is, however, diffuse 
depression of the ST segment
that acquires a concave pattern.
The appearance of the U wave
it is the other sign of “digitalis 
impregnation”.

Attached you have the ECG recorded
in a patient receiving digitalis for 
controlling the rate of atrial 
fibrillation. The patient is now in
sinus rhythm. You can see 
depression of the ST segment in 
almost all leads and an U wave in 
V2 -V3 . The patient also has a 1st

degree AVB. 

The most common digitalis-induced 
arrhythmia are the bigeminate
ventricular premature beats,  
jonctional tachycardia and automatic
atrial tachycardia with or without
AVB. In severe intoxications severe 
ventricular arrhythmias may occur.
Among them bidirectional ventricular 
tachycardia is very specific.
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Automatic atrial
tachycardia with 2/1
AVB (digitalis intoxication).

The diffuse ST-segment depression
specific to digitalis is clearly
visible. The patient has a
tachycardia with narrow QRS
complexes and a ventricular rate of
125/min. A P wave is clearly visible
in V1 and V2 and can be "guessed"
in the other leads as well. This
wave is exactly halfway between
two QRS complexes. Whenever you
see this particularity, the patient
almost certainly has a second P
wave, which is masked by the QRS
complexes. The patient therefore
has an atrial tachycardia with a
frequency of 250/min. and a 2/1
2nd degree type 2 AVB.
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Bidirectional ventricular tachycardia

This is ypical for severe digitalis intoxication. The
patient received digitalis for permanent atrial
fibrillation.

On the first column of ECGs you can see a rare
rhythm with narrow QRS complexes (probably
junctional rhythm) that accelerates
progressively. This rhythm is accompanied by
bigeminated monomorphic ventricular premature
beats. This rhythm degenerates in ventricular
tachycardia with QRS complexes alternating from
negative to positive and vice versa (bidirectional
polymorphic ventricular tachycardia). This specific
VT is even better seen on the second column of
ECGs.
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Another case of digitalis 
intoxication (a monitor-defibrillator 
recording).

From up to down:
- Atrial fibrillation and bigeminated
polymorphic ventricular premature 
beats;
- Narrow QRS complexes tachycardia 
(probably paroxysmal junctional tachycardia 
160/min.);
- Bidirectional paroxysmal ventricular 
tachycardia;
- Atrial fibrillation.

Chapter VII. Miscellaneous
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VII.4. Congenital channelopathies

VII.4.1. The congenital long Q-T  syndrome

Reference

Schwartz PJ, Crotti L,Insolia R.  Long-QT Syndrome From Genetics to Management Circ Arrhythm Electrophysiol. 2012;5:868-877 

To date, at least 13 such abnormalities have been described, the most important of which are the first 3 (Long Q-T syndrome type 1, 2 and 3).

LQT1: the defect is in the coding of the IKS channel (slow potassium channel) which is responsible for adapting the Q-T interval to effort 
(sympathetic stimulation). These patients cannot correctly shorten their Q-T interval during tachycardia, a condition that becomes intensely 
arrhythmogenic on exertion. Also for the same reason on the ECG the Q-T interval appears long due to the T wave which is tall and wide. Variants:

- The heterozygous variant (Romano-Ward Syndrome) is the most common.
- The homozygous variant (Jervell and Lang-Nielsen syndrome) also accumulates deafness by reducing IKS activity in the inner ear.

LQT 2: the defect is in the coding of the fast potassium channel (Ikr ). Consequently, the extracellular migration of K + in phase 3 of the action 
potential is slow. As a result, the lengthening of the Q-T interval is also due to the widening of the T wave that appears bifid (“in the hump”) similar 
to what happens under amiodarone treatment.

LQT3: the defect is in the encoding of fast Na+ channels. Q-T lengthening is usually done by widening the T wave (LQT1 and LQT2) or the ST 
segment.

Congenital long Q-T syndrome occurs through genetic defects of the Na+, K+ and (rarely) Ca2+ channels.
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VII.4.2. Congenital short Q-T  interval syndrome
Congenital short Q-T interval syndrome is rare and occurs due to

genetic defects of Na+ or Ca2+ channels. There are at least 5 types of
congenital short Q-T interval syndrome. Interestingly, in four of
them (type 1, 2, 3 and 4) the defects are in the same genes as those
involved in congenital long Q-T syndrome (those encoding Iks, Ikr
and ICaL, respectively). However, the phenotypic expression is
inverse, respectively of rapid migration of K+ from the cell in phase
2 or, correspondingly, of slowing down the penetration of Ca2+ into
the cell in the same phase (1) (2) (attached figure).

In types 1, 2 and 3 of SQT (defect of the K+ channels) the ECG
appearance is similar with that of hyperkalemia but the ST segment
shortens to extinction (in SQT1). Thus, a high, sharp, symmetrical T
wave appears and an ST segment shortened to extinction (similar to
STEMI in the “superacute” phase). In hyperkalemia the ST segment
remains unchanged. In types 3 and 4 (defect of the Ca2+ channels)
resembles that of hypercalcemia (elevated J point, downward
elevation of the ST segment) or Brugada syndrome (1). SQT should
be suspected when the Q-T interval is below 330 msec. in men or
under 340 msec. in women. Causes of short acquired Q-T syndrome
(hyperthermia, hyperkalemia, hypercalcemia, acidosis, altered
autonomic tone) should be excluded.

Short Q-T syndrome can lead to malignant ventricular
arrhythmias and sudden death.

References:
1. Reviriego SM, Merino JL. Short QT Syndrome escardio.org/ Journals/ E-
Journal-of-Cardiology-Practice/Vol. 9, nr. 2. 2010. 
2.Schwartz PJ, Crotti L,Insolia R.  Long-QT Syndrome From Genetics to 
Management Circ Arrhythm Electrophysiol. 2012;5:868-877 
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VII.4.3. Brugada syndrome
Brugada syndrome is a congenital channelopathy, usually autosomal dominant, which consists in dysfunction of the Na+ channels in the 

subepicardial area of the right ventricle outflow tract (RVOT). Consequently, the slope of phase 0 of the action potential is extremely “weak”, 
in this area.  It is fast counterbalanced, therefore, by the ITo current of phase 1. As a result, a rapid repolarization occurs in the subepicardial area 
of the RVOT. Thus, there is a potential difference between this area and the subendocardial one, which is manifested on the ECG by the ascent of 
the J point and the elevation of the ST segment in V1 and V2 . In addition, there is a dispersion of intra-epicardial repolarization which can 
lead to the mechanism of phase 2 reentry into the epicardium and hence ventricular extrasystoles that can initiate polymorphic ventricular 
tachycardia and even ventricular fibrillation. Specifically, these arrhythmias occur at rest, not infrequently even during sleep time.

Reference:

Santos LF, Pereira T, Rodrigues B, Correia E, Moreira D, Nunes L, Costa A, Elvas L, Machado LC. Critérios de diagnóstico da Síndrome de Brugada. Podemos
melhorar? Rev Port Cardiol. 2012;31:355-62  

Normal action potential (left) and in patients with Brugada syndrome (right) 

Important:

The appearance of Brugada
syndrome can be dynamic, with
periods when the ECG may be
normal. In these cases it can be
betrayed by administration of Na+

channel blockers (ajmaline,
flecainide, procainamide) and
fever.
Sometimes the typical appearance
of Brugada is recorded by climbing
the electrodes V1 and V2 with an
intercostal space above (X1 and
X2 leads) or with two spaces
above (Y1 and Y2 leads )

Endocardium

Epicardium

Transmural 
gradient

INa INa

ITo ITo
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Three ECG types of Brugada
syndrome are described of which
only type I is clearly diagnosed for
this syndrome (1) (2).

Type I. Elevated “J” point>2 mm,
elevated ST segment terminates in
a negative T wave.

Type 2. Elevated “J” point>2 mm,
positive or biphasic +/- T wave.

Type 3. Slightly elevated “J” point
(<1 mm), positive or biphasic +/- T-
wave.

Type 2 and 3 - “saddle” pattern of
the J-ST-T sequence. In unclear
cases, the appearance of Brugada
syndrome can be "revealed" by the
administration of Ajmaline (3).
Fever can also reveal this syndrome
(4).

References
1.Brugada P, Brugada R, Antzelevich C, Brugada J. The Brugada Syndrome. Arch Mal Coeur Vaiss 2005 Feb;98(2):115-22.
2.Santos LF, Pereira T, Rodrigues B, Correia E, Moreira D, Nunes L, Costa A, Elvas L, Machado LC. Critérios de diagnóstico da Síndrome de Brugada. Podemos
melhorar? Rev Port Cardiol. 2012;31:355-62  
3.Conte G et al. Drug-Induced Brugada Syndrome in Children Clinical Features, Device-Based Management, and Long-Term Follow-Up. Journal of the American 
College of Cardiology Vol. 63, No. 21, 2014
4. Meregalli P, Wilde AAM, Tan HL. Pathopphysiologic Mechanisms of Brugada Syndrome: Depolarization Disorder, Repolarization Disorder or more? 
Cardiovasculare Research 2005;67:367-78 
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- Myocarditis / Pericarditis
- Atypical BRD
- HVS
- Early repolarization
- SCA / Infarction
- TEP
- Aortic dissection
- Hypokalemia
- Hyperkalemia
- Hypercalcemia
- Hypothermia
- Hemopericard
- Mechanical compressions on RVO
- CNS / autonomic anomalies
- Thiamine deficiency
- Duchenne muscular dystrophy
- ARVD
- Acyl-CoA dehydrogenase deficiency

- Antiarrhythmics (Class IA, IC, Verapamil, Beta-blockers)
- Antianginal: Nifedipine, Diltiazem, Nitrate, Nicorandil
- Antipsychotics: tricyclic / tetracyclic antidepressantsSerotonin
inhibitors, Lithium
- Antihistamines
- Alcohol intoxication
- Dimenhydrinate
- Diphenydramine
- Cocaine

Situations that can induce a Brugada “pattern”

Reference:
Antzelevich C et al. Brugada Syndrome.Report of the Second Consensus Conference Endorsed by the Heart Rhythm Society and the European Heart
Rhythm Association (Circulation. 2005; 111:659-670.)
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VII.5. Early repolarization (ER)

Here you can see an ECG recorded in a 32-year-old male patient who I examined in the 
emergency room. He had come with anxiety, agitation, paresthesia, and chest pain. Clinical 
examination, biological data (inflammation tests, troponin, CK-MB) and echocardiography) 
were normal. 

The sinus rhythm is bradycardic (52/min). P wave, P—R interval, QRS axis (+ 50 °), QRS 
duration (0.10 sec.) are normal. In DI, aVL, V5, V6 a narrow Q wave with amplitude below 25% 
of that of the accompanying R wave is recorded (normal). 

What attracts attention is the ascent of the J point and the elevation of the ST segment in DII, 
AvF, V2-V6. The ST segment elevation is horizontal in DII, AvF and V6, descending in V5 and 
ascending in V2-V4. J point appears slightly elevated in DIII and V1 as well. Note the “crocheted” 
aspect at the J point in V6. In an asymptomatic patient, this aspect of the ECG is suggestive of 
an "early repolarization pattern." 

The diagnostic criteria for ER are (1):
- elevating the J point >1 mm. in at least two corresponding leads in the inferior and/or 

anterolateral territory; 
- ST-segment elevation in at least two corresponding leads in the same ECG territories. The 

ST-segment elevation may be ascending, in which case it must be > 1 mm. at a distance of 100 
msec. from the J point or of the horizontal-descending type, where it is <1 mm. This ST-
segment elevation is is sufficient to meet one of the two criteria to suspect a ER (1). 

The prevalence of ER is 3-24% (2-4) in the general population being higher in performance 
athletes, African Americans and young men (5-7). 

ER has long been considered a variant of normal (8). However, in 2008 three studies 
published almost simultaneously reported patients with ER associated with idiopathic 
ventricular fibrillation and therefore a risk of sudden death (9-11). Consequently, a distinction 
must be made between the “ER pattern” (common) and the “ER syndrome” which strictly 
includes patients (very rare) in whom this ECG is accompanied by malignant arrhythmias (VF 
or VT) who do not have a another explanation (12). Remember that idiopathic VF/VT are 
described in patients under 40 years of age, while in patients with ER these arrhythmias have 
been recorded at over 60 years of age. For this reason, it is suspected that the appearance of
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ER would be a factor favoring a slight increase in the risk
of malignant arrhythmias in those who develop ischemic
heart disease (myocardial infarction) and/or a marked
increase in the risk of sudden death in diseases such as
VES from Purkinje cells in idiopathic VF (1).

The increased risk of malignant arrhythmias has been
reported for:

- location of ER in the inferior leads (5);
- ascending the J point>2 mm (5) (giant J wave);
- the horizontal/descending aspect of the ST segment

elevation (13) (see previous ECG).
Ascending ST segment elevation, common in

performance athletes, is NOT associated with an
increased risk of sudden death from malignant
arrhythmias (1) (11). Attached you can see an ECG
compatible with ER “pattern” in which the ST segment
elevation in V2-V6 is of ascending type.

The mechanism of the appearance of the J wave
(“Osborn wave”) is related to the particularities of the ITo
current from phase 1 of the action potential in the
subepicardial area versus the subendocardial area (see
Chapter I - notions of electrophysiology). This current is
more active in the subepicardial area (reason for which
the aspect of the action potential in this area is of the
“peak-dome” type) and weaker in the subendocardial
area (reason for which the aspect of the action potential
curve is here of “square root” ). This generates an
electrical gradient between the two areas, a more
pronounced gradient in patients with ER(10).

It should be noted that the same gradient occurs in
patients with Brugada syndrome in the area of the
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RV outflow tract (RVOT). However, these patients have a “defect” of the Na+ channels in the subepicardial area for which the Na+ current in phase
0 of the action potential is very weak. For this reason, the ITo current is no longer counterbalanced by the Na+ current and repolarization begins
very early in the subepicardial area of the RVOT. Thus a transmural electrical gradient appears. This gradient may be responsible for the
occurrence of malignant arrhythmias in patients with Brugada syndrome or in certain patients with ER.

ER must be differentiated from the ECG aspect “ascended J point - ST segment elevation” encountered in other situations namely:
- Pericarditis
- STEMI
- LVH
- LBBB

References
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- Hypokaliemia
- Brugada syndrome
- Right ventricle arrhythmogenic displazia

Chapter VII. MiscellaneousECG – nothing easier!



319

VII.6. Acute pericarditis
DII

AvR

ECG changes can be seen in
pericarditis in approximately 90% of
patients. The changes are due NOT to
inflammation of the pericardium
(which is electrically inert) but to the
underlying epicardium. Inflammation
of the subepicardium has the same
effect on K+ channels in this area as
ischemia in STEMI. Consequently,
repolarization begins even earlier in the
subepicardial area (normally
subepicardial depolarization is earlier)
and the action potential is shortened.
An electrical subendocardial-
subepicardial gradient occurs that leads
to a lesion current between the two
areas (1). Effects (1):

- “saddle” ST segment elevation in
most ECG leads (exception: AvR and,
possibly, V1 in which the segment
appears depressed, “in the mirror” with
DII and, respectively, V6).

- PR segment depression of
approximately 1 mm (inflammation of
the atrial subendocardium). PR
segment elevation (“mirrored” with DII)
occurs in AvR. This ECG sign is even
earlier than ST-segment elevation.

PR segment depression
in DII seen as elevated in 
AvR
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Not infrequently the ST segment elevation does not appear diffuse but localized (in the lower or anterior leads) because the degree of
inflammation can be different from one area to another. This raises problems of differential diagnosis with STEMI. However, the characteristics of
chest pain are different in the two diseases and the ST-segment elevation is also different: in pericarditis the elevation appears after the R wave, on
its descending slope and has the concavity upwards; in STEMI the elevation occurs at the tip of the R wave and is either horizontal or with the
concavity downwards.

Even in such situations we can deduce that there is a diffuse epicardial distress because in leads where ST-segment elevation is not typical we
can identify the disappearance of the ST segment (by the very early onset of subendocardial repolarization) and increased T-wave amplitude (as
in the superacute phase of STEMI - see there). For example, on the ECG on the previous page there is ST elevation typical for pericarditis in DI, DII,
DIII, AvF, V1 and (less) in V5, V6. In V2 and V3 (V4) we see a wide T wave that starts immediately after the QRS complex (so the ST segment has
disappeared) - just like the “hyperacute” T wave in STEMI. So we have ECG changes in all ECG leads which is not the case in STEMI.

Classically, the ECG dynamics of acute pericarditis has 4 phases, of which phases II and III are not recorded in all patients (1).
Phase I. - see the ECG aspects described above;
Phase II. Remission of the ST-segment elevation and of the PR segment changes. The T wave flattens and may become bifid. This

phase can take several days;
Phase III. The T wave is negative. This change occurs 2-3 weeks after the onset of the disease;
Phase IV. Progressive reduction of the negative T-wave to a positive one and normal appearance. It can take 2-3 months. In some

patients the T wave may remain negative.

Differential diagnosis:
1. STEMI. Frequent, difficult to differentiate. Criteria: see above at the beginning of this page. In addition, no Q wave develops in

pericarditis.
2. Early repolarization (ER). Hard to differentiate. However, the patient is asymptomatic in ER, while in pericarditis there is chest

pain, the recent infectious context. In ER there is often a “crochet” at the level of the ascended J point, which is missing in pericarditis (see
paragraph VII.5).

3. Hypercalcemia. In hypercalcemia the ST-segment elevation is convex and not concave (see section VII.2.5.).
4. Neurogenic heart and takotsubo syndrome. ST-segment elevation may occur at the onset of takotsubo/neurogenic heart

syndrome (cerebral hemorrhage). The clinical context and much faster ECG outcome towards remission of the ST-segment elevation and T-wave
negativity (within 24 hours) guide the diagnosis to takotsubo/neurogenic heart.

Reference:

1. Stroobandt RX, Barold SS, Sinnaeve AF. ECG from Basis to Essentials Step by Step. Wiley Blackwell, 2016
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Admission                           24 hours                  48 hours                   72 hours                  120 hours

ECG dynamics in the first 5 days after
the onset of pericarditis in the patient
presented above. Note the progressive
flattening of the T wave and the bifid
appearance of this wave after 48 hours of
hospitalization (note in particular the V4,
V5 leads).
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Two patients with acute pericarditis

Pactient A: note the ST-segment elevation in V1 ( "in the mirror" with V6);
Patient B. ST-segment elevation may be easily confused as being induced by a STEMI. However, 
the diffuse aspect of the ECG changes should be noted. It appears as if the patient has STEMI at 
the same time in both the anterior and the inferior territory.

A

B
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Acute pericarditis and pericardial tamponade

In pericardial tamponade the ECG
usually shows diffusely small QRS
complexes, as you can see in the
recording attached. Hypo-voltage is
particularly striking in chest leads. The
heart can be rotated in the thorax by
compressing the pericardial fluid so
that the right ventricle can appear
much anteriorly and the left ventricle
posterior. Hence, the R/S transition
zone is pushed to the left (in the V4-V5
zone in the attached example). Note
sinus tachycardia > 100/min. in this
patient.

Sometimes the amount of pericardial
fluid is so great that the heart "dances"
rhythmically in the chest, rotating in
one direction during systole and
rotating back into the diastole
("swinging heart"). This heart
movement is recorded on the ECG in the
form of variable amplitude QRS
complexes (see ECG on the next page).
Sometimes QRS complexes even
alternate beat-to-beat from positive QRS
to negative one. this behavior is often
referred to (but incorrectly) as "electrical alternation." True electrical alternation means alternation of intramyocardial electrical potentials. In
pericardial tamponade, the variability of the QRS complexes is due to the cyclic change of the position of the heart in the thorax, which leads to 
variations in the projection of the QRS vectors on chest leads and not to potential variations.
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Pericardial tamponade

Note sinus tachycardia, diffuse QRS 
hypovoltage and cyclic variations in the 
amplitude of the QRS complexes. The T 
wave is negative or flattened in most leads, 
which suggests that pericarditis is 
relatively old (phase III).
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VII.7. Neurogenic heart and takotsubo cardiomyopathy
Neurogenic heart is a syndrome characterized by symptoms, ECG,
echocardiograpic and bioenzymatic disorders seen in patients with acute
brain disease. It is most commonly described in patients with
subarachnoid hemorrhage (1) but can also be found in intraparenchymal
cerebral hemorrhage, ischemic stroke, or neurosurgery (1) (2).
Takotsubo cardiomyopathy ("stress cardiomyopathy") consists of a set of
clinical, electrocardiographic, and bioenzymatic manifestations that
occur in the context of psychoemotional stress. It occurs especially in
postmenopausal women (3)

The ECG mimics STEMI, in both entities, from the appearance of
“superacute” STEMI (“hyperacute” T wave) to that of “acute” (ST-segment
elevation) or “subacute” (negative giant T wave) (3-5). From a statistic
that we performed on 53 patients with ischemic/hemorrhagic stroke
successively hospitalized in a neurology department in the first 6 hours
after the onset, we recorded the appearance of "hyperacute T" in 22 of
them and 16 patients they had “STEMI-like” ST segment elevations. So,
practically, in 48 of the 53 patients the ECG aspect was identical to that of
a STEMI in the first hours after the onset (unpublished data). This aspect
was replaced after 24 hours by the non-negative giant T wave visible
especially in chest leads. In this context, the appearance of ECG in
patients with stroke and in takotsubo cardiomyopathy appears to be very
similar if not identical to that of STEMI. Hence, the variety of ECG

changes described in the literature probably depended on when the ECG
was recorded relative to the time of onset of the disease. Thus, if the ECG
is recorded in the first hours after the onset, then you frequently
encounter either a “hyperacute” T-wave or a “STEMI-like” ST-segment
elevation. After 24-48 hours the appearance is usually with negative T
waves, respectively the aspect described as “specific” in the literature
(see the ECG on the following pages).

Although incompletely known, the pathogenesis of the two entities
seems to be identical. The suspected central mechanism is the excess of
catecholamines released as a result of cerebral "aggression" either
physical (in stroke) or mental (in takotsubo cardiomyopathy) in the
absence of ischemic heart disease (coronary angiography does not detect
significant damage in these patients). Excess catecholamines lead to
myocardial injury by activating Ca2+ channels, increasing intramyocardial
calcium and hypercontraction with myocardial necrosis
(morphopathologically the typical appearance is necrosis in contraction
bands and intramyocardial hemorrhage). Increased intramyocardial Ca2+

also induces the release of free radicals which, in turn, induce the
peroxidation of membrane lipids. ECG changes would therefore be the
expression of increased intramyocardial calcium concentration and
corresponding necrotic lesions, which may also be seen by increased
levels of biomarkers revealing myocardial necrosis (troponin, CK-MB).

References
1. Morris NA, Chatterjee A, Adejumo OL, Chen M, Merkler AE, Murthy SB, Kamel H. The Risk of Takotsubo Cardiomyopathy in Acute Neurological Disease. 

Neurocrit Care. 2019;30(1):171.
2. Stroobandt RX, Barold SS, Sinnaeve AF. ECG from Basis to Essentials Step by Step. Wiley Blackwell, 2016
3. Samuels MA. The brain-heart connection. Circulation. 2007 Jul;116(1):77-84.
4. Chua HC, Sen S, Cosgriff RF, Gerstenblith G, Beauchamp NJ Jr, Oppenheimer SM Neurogenic ST depression in stroke. Clin Neurol Neurosurg. 

1999;101(1):44.
5. Templin C, Ghadri JR, Diekmann J, et al. Clinical Features and Outcomes of Takotsubo (Stress) Cardiomyopathy.N Engl J Med. 2015;373(10):929 
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The ultrasound aspect in these patients is quite specific: apical
LV ballooning, systolic performance is achieved by contraction of
the basal ventricular segments. This aspect is similar to that of the
“takotsubo” - special large pot characterized by a narrow “mouth”
followed by a large volume in which Japanese fishermen keep the
octopuses. The differential diagnosis of the two entities with STEMI
is of paramount importance. Confusing a hemorrhagic stroke with
a STEMI can have dramatic consequences (administration of
specific medication for STEMI — thrombolytics, anticoagulants,
antiplatelet agents — can have fatal consequences in a stroke
patient). Conversely, confusing a STEMI with a stroke and not
initiating reperfusion procedures in a patient with STEMI can also
have fatal consequences for that patient.

Attached you can see the ECG recorded in a 68-year-old patient
who was brought by family members to the hospital around 8:00
o’clok. Around 6:30 the patient complained of a headache after
which she lost consciousness. Family members (physicians) claim
that the patient had a cardiorespiratory arrest, which is why they
initiated resuscitation maneuvers (external chest compressions)
after which the patient "recovered". At the time of examination,
the patient was slightly confused, with a headache and moderate
precordial pain. The ECG showed ST segment elevation in DI, DII,
DIII, AvL, AvF, V4-V6 with “reciprocal” image in AvR, V1-V3.
Echocardiography identified the middle and apical akinesia of the
LV walls and the neurological examination concluded: “Post anoxic
encephalopathy” (post resuscitation). In this context the diagnosis
of hospitalization was inferolateral STEMI. The patient was
hospitalized and sent to the Cardiac Care Unit (CCU) with the
suggestion of thrombolysis. However, the CCU doctor refused to
perform thrombolysis on suspicion of another pathology.
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This ECG was recorded
7 minutes after the ECG
showed on the previous
page. ST-segment
elevations were remitted
without being
accompanied by a
reduction in the
amplitude of the R-waves
or the appearance of Q-
waves. Instead, the T-
wave became negative in
the leads in which ST-
segment elevations were
recorded. This ECG
dynamic further
removed the initial
suspicion of STEMI.
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After 24 hours of hospitalization the patient is in a coma. Examination of the cerebrospinal fluid reveals red blood cells in large quantities. Brain
tomography was decided and showed:
-tetraventricular and subarachnoidal hemorrhage in the left sylvian valley;
-haemorrhagic lesion of 2 cm. in intimate contact with the left sylvian artery and the left ventricular temporal horn;
- diffuse cerebral edema.
The patient therefore has a hemorrhagic stroke. 
Now, the ECG show negative, deep and wide T 
waves, leading to the elongation of the QT 
interval (600 msec), in the leads where ST 
segment elevation was recorded at 
hospitalization.
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Day 5 Day 9 
Cerebral angiography identified a
ruptured cerebral aneurysm as a
substrate of hemorrhagic stroke.
Biologically, there was a gradual
increase in creatinekinase peaking at
48 hours after admission and with a
rapid decrease in the following days
but with normal CK-MB levels. The
increase in CK was due to the
increase in cerebral isoenzyme (CK-
BB) and possibly muscle (CK-MM)
due to the convulsions that the
patient had at the stroke onset. The
initial outcome was favorable, the
patient becoming conscious and
without deficit. ECG recorded
progressive withdrawal of the
negative T wave and normalization of
the Q-T interval. On the 10th day
after hospitalization, the
neurosurgical intervention with
ligation of the aneurysm was decided.
Unfortunately, after the operation,
diffuse cerebral edema appeared and
the patient died after another 48
hours

Chapter VII. MiscellaneousECG – nothing easier!



330

Takotsubo cardiomyopathy

ECG recorded at admission in a 79-
year-old patient with chest pain and 
dyspnea after a major mental trauma. 
Ultrasound identified a typical 
appearance for takotsubo
cardiomyopathy. Note sinus tachycardia 
(139 / min) and ST segment elevation in 
V2-V6.

Chapter VII. MiscellaneousECG – nothing easier!



331

30 hours 54 hours Day 5 Day 7 Admission 

ECG dynamics recorded in the patient with takotsubo cardiomyopathy presented on the previous page. ST-segment elevation in left chest leads 
disappeared after 24 hours, its place being taken from deep T waves with practically diffuse distribution. The amplitude of these waves 
progressively decreases in the following days tending to normalize after 7 days.
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The rhythm is bradycardic, irregular,
with narrow QRS complexes (atrial
fibrillation). The oscillations of the
isoelectric line appear gigantic in V1
They are induced by chills. In V3—V6 an
abnormal wave is observed in the lower
third of the descending slope of the R-
wave as a kind of R’ wave but wider
(arrow). This is a typical "J" wave (or
Osborn wave) described in
hypothermia (1). The amplitude and
duration of the J wave increases as the
hypothermia worsens. The mechanism
of the “J” wave (Osborn wave): the
same endocardium-epicardium
potential gradient due to the
particularities of the ITO K+ channel in
the two areas (2) (see Chapter I,
Brugada Syndrome, Early
Repolarization). The J wave is not
specific to hypothermia. It is also
recorded in hypercalcemia and in some
lesions of the central nervous system.

VII.8. Hypothermia. The ECG below was recorded in a patient with hypothermia (temperature = 320C).

References
1. Osborn JJ. Experimental hypotermia; 
respiratory and blood pH change in 
relation to cardiac function. Am J Physiol. 
1953 Dec;175(3):389-98.

Hypothermia is recognized by the risk of malignant ventricular arrhythmias that occur between 28 and 
32oC, more frequently when the patient warms up.

2. Yan G-X, Antzelevitch C. Cellular Basis for 
the Electrocardiographic J Wave Circulation. 
1996;93(2):372-379 
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VII.9. Arrhythmogenic right ventricle dysplasia (ARVD)
ARVD is a congenital disease characterized by the replacement of RV
myocardial mass with fibrosis and fat cells. RV dilates and its contraction
is reduced. ARVD is important to diagnose because it is one of the causes of
sudden arrhythmic death. ARVD specific arrhythmia is a ventricular
tachycardia with a LBBB appearance and a left axis deviation that
distinguishes it from idiopathic ventricular tachycardia in the right ventricle
outflow tract (RVOT).

ECG criteria:
- Negative T-wave in chest leads (the most common criterion found in patients
over 14 years. Under this age the negative T-wave normally occurs and this
pattern is normall in children);
- A RBBB or incomplete RBBB pattern;
- Enlargement of the QRS complex in V1-V3, in contrast to the normal
appearance of V6;
- The sum of the QRS duration in V1 + V2 + V3 is higher than in V4 + V5 + V6 (a
ratio greater than 1.2)
- Epsilon wave (a discrete deflection of the terminal portion of the QRS in the
chest leads - expression of depolarization delay in RV.

Attached: the ECG in a patient with AVRD. Identify:
- Incomplete RBBB;
- Negative T wave from V1 to V5

;

- Epsilon wave (arrow).
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VII.10. Normal ECG variant in black African athletes

Attached you can see the ECG of a 19-year-old
asymptomatic Nigerian soccer player, with no
history of arrhythmia or syncope.

Note the ST-segment elevation in V1 and
V6 followed by a negative T wave. At first glance
the appearance could be confused with:

1. Brugada syndrome. In Brugada syndrome,
the “J” point is the highest point, higher than
the highest point of the ST-segment elevation
and the elevation is descending. On the
attached ECG, however, the ST-segment
elevation is concave with the “J” point at a
lower level than the maximum ST-segment
elevation.

2. Arrhythmogenic RV dysplasia. It could be
suggested by the negative T-wave from V1 and
V2 (even if here the T-wave is barely
sketched). However, we do not identify the
epsilon wave and the negative T wave stops in
V2. The suspicion of ARVD would have persisted
if the negative T wave were visible beyond V4.

This ECG is considered normal for the black
African athletes.
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Algorithm for ECG evaluation in African athletes (2).

References:

1.Calore C, Zorzi A,  Scheikh N, et al. Electrocardiographic anterior 
T-wave inversion in athletes of different ethnicities: differential 
diagnosis between athlete's heart and cardiomyopathy. European 
Heart J 2016 Aug 21;37(32):2515

2.Corrado D, Pellicia A, Heidbuchel H et al. Recommendations for 
interpretation of 12-lead electrocardiogram in the athlete.Eur
Heart J 2010;31:243

Negative T inV1-V4

Negative T wave over V4

3% HCMP, 45% ARVD

Is J point elevated? 

0% HCMP, 0% ARVD

97% HCMP, 55% ARVD

3% HCMP, 45% RVAD

Additional investigations
to exclude

cardiomyopathy

No further investigation

No

Yes

Yes

No

Basically the normal ECG appearance for an African athlete is 
characterized by:

- Negative T wave in the right chest leads (maximum up to V4)
- Ascended J point in V1-V2 with concave ST segment elevation, J point 
remaining below the maximum elevation level

HCMP= Hypertrophic cardiomyopathy
ARVD= Arrhythmogenic right ventricle displazia
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VII.11. Concealed conduction
Concealed conduction is a phenomenon characterized by the

propagation of an impulse on specialized pathways (AVN and the His-
Purkinje system) without it having a direct expression on the surface
ECG. The existence of this “invisible” impulse is betrayed by the
influence it has on the impulses that “come” after it in the same way.
In essence, by passing it through a certain area, the “invisible”
impulse depolarizes that area, which then needs a certain amount of
time to completely repolarize. This means an absolute refractory
period in that area (a period in which it cannot conduct any other
impulse) followed by a relative refractory period (in which it can
conduct but the stimulus that arrives here must be more "vigorous" in
order to pass through it and its propagation speed is slower than if the
area were completely repolarized). On the surface ECG this
phenomenon is recorded either by the complete blockage in the AVN
of a supraventricular impulse or by the delay of its propagation at this
level. Concealed conduction is a common phenomenon in everyday
practice in the following situations:

DII

DIII

AvR

P                              P               P              P                              P              P               P P              P              P

P’ P’ P’ P’

A                             B                               A                              B                     A         B                               A

A patient with bigeminated VES with two different morphologies (“A” and “B”, respectively). VES “A” are earlier (have shorter coupling interval
with the sinus beats) compared to VES “B”. Therefore, VES “A” arrives early in the AVN and propagates retrogradely in the atria generating the
negative P’ wave from the inferior leads. VES "B" arrive later in the AVN where they meet with the sinus impulse.

- Ventricular extrasystoles (see Chapter V): the original wavefront in
the ectopic focus of the VES propagates not only in the ventricles but also
retrograde to the AVN tending further, to the atria. If the ventricular
wavefront arrives very early in the AVN then it can pass through the
AVN after which it propagates into the atria which it depolarizes before
emitting the normal impulse from the SAN. Moreover, this impulse will
“reset” the SAN so that the post VES pause occurs until the SAN
automatic activity resumes. On the ECG you will see negative P’ waves in
DII, DIII and AvF, immediately and closely glued to the QRS complex of the
(VES marked with “A” in the example below). If, however, the ventricular
wave front reaches the AVN at the same time as the one descending from
the SAN, then the two fronts will "collide" in the AVN, blocking each
other. On the ECG we will see a sinus P wave (positive in DII, DIII, AvF)
after VES but which P wave appears to be blocked (not followed by a QRS
complex). The blocking of the P wave was therefore due to the VES
impulse which blocked its propagation to the ventricles (hence, VES-
induced concealed conduction phenomenon - see VES marked with “B” in
the example below).
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- If the retrograde ventricular wavefront reaches the AVN after the
SAN impulse has already begun to propagate anterogradely through the
AVN then the effect will be to delay the AVN propagation of the sinus
impulse. On the ECG you will see in elongation of the P-Q (R) interval of
this sinus beat. In the example below it can be seen that the first VES
was triggered at 720 msec. after the sinus beat. It is not followed by a
compensatory pause but is interpolated because:

- the ESV wavefront failed to propagate retrograde in the atria (a P’
wave does not appears immediately after the VES);

- the sinus rhythm P wave appears at a sufficiently large distance
after the VES to find a partially repolarized AVN after the VES.
Therefore you can see that this P wave is followed by a normal QRS
complex

P                          P                            P                          P                          P              P                           P                          P                           P

VES VES

720 840

-Fixed/variable atrioventricular block in supraventricular
tachyarrhythmias (Atrial tachycardia/atrial flutter/atrial
fibrillation) (see Chapter V). In these arrhythmias, the AVN no
longer conduct all the stimuli generated in the atria because each of
them tries to reach the ventricles using the same pathway, that of
the AVN. Each stimulus that penetrate the AVN will more or less
change the refractory period of the AVN in the face of the following
stimuli so that some of them are blocked in either a fixed or a
variable ratio. The analogy I often have in mind is with what happens
when a crowd of people enters a stadium on the same narrow gate.

but after a clearly longer P-R interval (arrow). This VES therefore
altered the refractory period in AVN (induced a concealed conduction
phenomenon) which is betrayed by the reduction in the rate of
anterograde propagation by AVN of the sinus stimulus. By contrast,
the second VES on the route appeared later after the sinus beat (the
coupling interval is now 840 msec). As a result, you can see how this
VES appeared shortly before the sinus P wave. The sinus impulse
therefore reaches the AVN immediately after the VES. The AVN is now
in absolute refractory period (it did not have time to repolarize at least
partially after the VES penetrated it), which betrays itself on the ECG
by completely blocking the P wave and the appearance of the
compensatory pause.

Outside the stadium there are thousands of future spectators, but
each one depends by the behavior of the one in front of him who may
or may not let him enter through the gate or slow down his passage.
For this reason, the number of fans who are beyond the gate is much
smaller compared to those who crowd to enter the gate. Variable
blocking is the rule in atrial fibrillation because the number of atrial
impulses is very high (400-600 / min) so the effect of these stimuli in
AVN is completely chaotic which leads to an irregular ventricular
rhythm, just as chaotic (see Chapter V, in paragraphs for flutter and
fibrillation, respectively).
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VII.12. Electric alternance. Electric alternance is a term that defines cyclic variations in the amplitude, electrical axis, and 
duration of any of the ECG components (waves, intervals) within a rhythm that has a single origin (sinus or extra-sinus). It must be distinguished
from the QRS variations in the WPW and
from the intermittent branch blocks in
which the QRS changes are due to the
conduction variations of the same
impulse while in the electrical
alternation there is a beat-beat variation
of the impulse characteristics. The
electric alternance must also be
distinguished from the mechanical
alternation encountered in pericardial
tamponade and which is due to the cyclic
rotations of the heart inside the chest
(1).

One of the common situations of
electric alternans is the alternation of
QRS complexes in paroxysmal
tachycardias either supraventricular or
ventricular ones. Attached you can see
the ECG recorded in a 27-year-old
patient. This ECG is suggestive for an
AVNRT with QRS alternation (defined as
variations of> 0.1 mV of QRS amplitude).
The mechanism of QRS alternation in
AVNRT is not well known. These are
thought to be variations in the
refractory period in the peripheral part
of the His-Purkinje system (1).

The alternance of the T-wave is, as a rule, a criterion of severity of a congenital heart disease (congenital Q-T syndrome) or acquired (severe 
ischemic heart disease, ischemic / idiopathic cardiomyopathies, severe heart failure). It can also be induced by electrolytic disorders (hypokalemia, 
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hypocalcemia, hypomagnesaemia) and some drugs
such as amiodarone. At the base of the T-wave
alternation and, correspondingly, of the Q-T interval
are variations of the repolarization duration due to a
suffering of the K+ and possibly Ca2+ channels (1).
The attached ECG was recorded in a patient with
ischemic cardiomyopathy, heart failure, diuretic-
induced hypokalemia and chronic amiodarone
treatment. The rhythm is sinus with frequent AES. You
can see the alternation in amplitude and duration of
the negative T waves in the chest leads, which leads to
the alternation of Q-T interval. This phenomenon is
even better seen on the monitor record at the bottom
of the page. Note the dependence of a T-wave and the Q-
T interval on the duration of the previous cardiac
cycle: the longer it is (after a post AES pause), the
wider and taller the T-wave and the longer the Q-T
interval. This means that a longer cardiac cycle is
followed by a longer re-polarization time. Wide T-wave
periods + long Q-T interval announce an increased risk
of early postdepolarizations that may manifest on the
surface ECG from “simple” R/T-type VES to
polymorphic ventricular tachycardia “torsade de
pointes” type and ventricular fibrillation (see next
page).

Reference

1. Stroobandt RX, Barold SS, Sinnaeve AF. ECG from Basis to 
Essentials Step by Step. Wiley Blackwell, 2016 
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The following can be seen on the Holter
recording performed on the patient
presented on the previous page:

- the first 2 beats at the onset are a pair
of AESs followed by a pause at the end of
which a sinus beat is recorded (clearly
visible P wave). You can see how the T
wave of this beat becomes wider and
taller after the previous pause. A R/T
ventricular extrasystole appears near the
tip of the T wave, followed by another one.
After this pair of VESs, a new post-
extrasystolic pause occurs. The probably
junctional beat (JB) that occurs after the
pause is followed by a giant T-wave. It is
clear that the previous pause induced a
much longer repolarization time in the
context of hypokalemia and amiodarone.
As a result, a new R/T VES appears that
initiates polymorphic ventricular
tachycardia that degenerates into
ventricular fibrillation (lower recording).
All of these apparent R/T VESs that occur
where wide T waves are actually early
post-depolarizations (so they are the
result of potential oscillations in phase 3
of the action potential and not
extrasystoles triggered by ectopic foci).

P

JB
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VII.13. Cardiac memory
Cardiac memory is an electrical phenomenon that consists in the temporary persistence of repolarization changes after the end of a period of

abnormal ventricular depolarization (stimulation, e.g. ventricular pacemaker, ventricular tachycardia, transient branch block, WPW syndrome).
Basically it is about changing the vector orientation of the T wave (repolarization) depending on the vector orientation of the QRS complex during
abnormal ventricular pacing and the persistence of T-wave
changes after normalization of ventricular pacing. More
specifically, if during abnormal ventricular pacing the QRS
complex was negative in a certain lead then the T wave will
be negative in that lead after normal resumption of
ventricular pacing. Likewise, the T wave will be positive in
leads where the QRS complex was positive during abnormal
stimulation. This phenomenon of “cardiac memory” in
which the T wave “remembers” the vectorial orientation of
the abnormal ventricular depolarization progressively
remits up to one month after the resumption of normal
ventricular stimulation.

The phenomenon of cardiac memory must be well known
because ignoring it can lead to misinterpretations and
wrong therapeutic decisions. Thus, the recording of negative
T waves after remission of a benign idiopathic ventricular
tachycardia (fascicular tachycardia, ejection tract
tachycardia) can be suspected as "betraying" an ischemic
heart disease as a substrate of ventricular arrhythmia
when, in fact, the negative T wave is just a post-arrythmia
"memory." Conversely, a ventricular tachycardia (VT) may
occur in a patient with ischemic heart disease but if during
VT the QRS complexes were positive then the post-VT T
waves will be able to be positive ("false normalization”) and
the ischemic substrate will be ignored which can be a big
mistake.

Sursa: Chiale PA, Etcheverry D, Pastori JD, Fernández PA, Garro HA, González MD, Elizari
MV. The Multiple Electrocardiographic Manifestations of Ventricular Repolarization 
Memory Current Cardiology Reviews, 2014, 10, 190-201 

An example of “dual” cardiac memory depending on the location of endocavitary
stimulation (ROTVP = in the ejection tract of the RV; RAVP = in the apex of the RV) in a
patient with dilated cardiomyopathy. Post-wave T pacing is oriented according to the QRS
orientation during stimulation (positive after ROTVP and negative after RAVP)
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