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ECG LIMB LEAD REVERSAL : 

GEOMETRY BASED CONCEPT 



The flow of cardiac current on the 

frontal plane is peaked up through 

the negative electrode directed 

towards the positive electrode due 

to the potential difference in 

between the two poles , as 

illustrated by the preceding 

sketches. 

 

 

 

 

 

 

 

Introduction 

 

 

 

 

The basic facts operating 

behind the limb lead 

placement  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\ 
 
 

 The misplacement of leads can lead to a profound 

impact on the interpretation of ECG waves  
 Missing the diagnosis of limb reversal can profoundly 

influence the clinical decision about the patient care. 
 

The limb leads are used to detect the electrical current over 

the frontal plane. 

 Einthoven’s triangle is the “Soul-essential” for the 

purpose. 
Einthoven Triangle is an imaginary geometry based 

three limb leads triangle , useful in electrocardiograpy 

formed by the two shoulders (left and right) and the 

left leg. 

This forms an inverted electrical triangle with the 

heart lying at the centre. 

 Augmented Unipolar Limb leads : Dr. Emanuel 

Goldberger 

Unipolar limb leads were named as augmented 

unipolar limb leads – aVL, aVR, aVF (aV denotes 

augmented vector and L, R, F used for different 

concerned leads). 

 The concept of the central terminal : Dr. Frank 

N.Wilson 

The Wilson Central Terminal was formed by 

connecting a 5 K  each limb electrode and adjoining 

them together. This terminal represents the average of 

the limbs potential possibly near about 0 (Zero). This 

is used as an indifferent electrode (negative 

electrode) to record the potential difference by 

adjoining this with the concerned unipolar lead.  
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ECG LIMB LEAD REVERSAL : GEOMETRY BASED  CONCEPT  

ECG 

SYNOPSIS 

+ - 

The direction of the flow of cardiac current 

through limb leads on the frontal plane 
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Basic rules operating 

behind limb lead reversal 

on ECG 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 Lead aVR 
Being placed at its extreme opposite end , the lead aVR 

records all the waves as negative (P-QRS-T). 

Any unipolar lead placed over this point during the 

process of limb lead reversal would record all the 

waves as negative. 
 

 Role of Neutral electrode (N) 
The lead connected to the right ankle acts as a neutral 

electrode , this is just like an electrical plug having neutral 

terminal. This  also acts to reduce interference and could be 

placed anywhere without an impact on the ECG results. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R = Right shoulder 

L = Left shoulder 

F = Left foot (originally 

midpoint of the pubis was 

chosen by Einthoven as left foot 

representative) 

Lead aVR 

Right leg = Neutral  electrode 

 

 When a pair of limb electrodes (LA , RA , LL) is 

mutually exchanged without disturbing the Neutral 

electrode (N). 

Einthoven’s triangle is turned over at 180 degrees 

accordingly,  resulting in switching over the places of 

the concerned leads, which may lead to complete 

inversion (P-QRS-T all being negative) in some leads 

with positive polarity in some other leads.  
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ECG changes with limb 

lead reversal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please see page No. 5-11 for the details 
 

 By seeing the presence of completely inverted (P, QRS 

and T) waves in certain ECG leads on an unusual site. 

One should consider the following possibilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Exchanging one of the limb electrodes with the 

Neutral electrode (N). 

 If a reversal involves the right leg (N) and one of the 

arms, the potential difference recorded between the 

two legs will be zero. This results in a “Flat-line”. 

Reversal of the right arm with right leg results in 

flat-line in lead II. Similarly reversal of the left arm 

and right leg result in flat-line in lead III.  

 Leads in between the two legs becomes identical. 

 This exchange brings the Einthoven’s triangle to a 

collapsed state looking like a very thin slice and so 

the rest leads encircling the triangle would 

approximate each other but with different polarity as 

dictated by the direction of the flow of current.  

 

aVR = aVF 

Einthoven’s triangle is 

collapsed to a very thin 

triangle , as illustrated. 

 

0 = Zero Potential 

 

“Flat-line” 
In lead II 

LA/RA reversal : 

 P-QRS-T all negative in lead I and aVL  

 Lead aVR often positive.  

 Marked right axis deviation.  

RA/LL reversal : 

 Leads I, II, III and aVF are all completely inverted (P-

QRS-T all being negative) 

 Lead aVR is upright 

LA/LL reversal : 

 Lead III is completely inverted (P,QRS and T – all being 

negative) 

 Unexpectedly larger P in lead I than lead II (just contrary 

to the normal) 

Example  : RA/RL (N) reversal 
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 By seeing the presence of “Flat-line” in certain leads . 

One should consider the following possibilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RA/RL (N) reversal : 

 Lead II records a flat line (Zero potential) 

 Leads aVR and aVF becomes identical. 

 Lead I , III and aVL approximate each other but with 

different polarity (lead I and aVL with negative 

polarity and lead III with positive polarity). 

LA/RL (N) reversal : 

 Lead III records a flat line (Zero potential) 

 Leads aVL and aVF becomes identical. 

 Lead I , II and aVR approximate each other but with 

different polarity (lead I and II with positive polarity 

and lead aVR with negative  polarity).  

 
LA-LL  with RA-RL reversal : 

 Lead I records a flat line (Zero potential) 

 Leads aVR and aVL becomes identical. 

 Lead II , III and aVF approximate each other but with 

different polarity (all  with neutral polarity).  

| 4 



  

OUTLINE 

Introduction  

The basic facts operating behind the limb lead placement 

 Einthoven’s triangle 

 Augmented Unipolar Limb leads : Dr. Emanuel Goldberger 

 The concept of the central terminal : Dr. Frank N. Wilson 

 The direction of the flow of cardiac current through limb leads on the 

frontal plane    

 Lead aVR  

 Role of Neutral electrode (N)   

 

 

 

Basic rules operating behind limb lead reversal on ECG  

 When a pair of limb electrodes (LA , RA , LL) is mutually exchanged 

without disturbing the Neutral electrode (N). 

 Exchanging one of the limb electrodes with the Neutral electrode (N). 

 

 ECG changes with limb lead reversal  

 Module 1 : LA/RA reversal  

 Module 2 : RA/LL reversal 

 Module 3 : LA/LL reversal 

 Module 4 : RA/RL (N) reversal 

 Module 5 : LA/RL (N) reversal 

 Module 6 : LA-LL with RA-RL reversal 

 Module 7 : LL/RL (N) reversal 

 

 
 
Conclusion   

Further reading suggested 
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ECG Limb Lead Reversal : Geometry based concept 

 
 

 

 

Introduction 

The analysis of ECG signals recorded through properly placed leads imparts an interpretation 

with a significant diagnostic value. And the misplacement of leads can lead to a profound 

impact on the interpretation of ECG waves. In clinical practice limb leads are usually 

interchanged in a hurry by mistake. Missing the diagnosis of limb reversal can profoundly 

influence the clinical decision about the patient care. This places the patient to an 

unnecessary admission with exposure unnecessary investigations including different 

exertional testings. At times during the stay in the hospital the patient may endanger his life 

by embracing secondary infections.. 

The understanding of the basic facts operating behind the limb leads placement to pick up the 

electrical signals seems to be an essential preventive step which is needed to be explored in 

details.  

The basic facts operating behind the limb lead placement 

The heart is the supremo source of electromagnetic flow over the human body , creating the 

largest rhythmic electromagnetic field. The heart’s electrical field is measured on two planes 

of the body surface – frontal and horizontal. The limb leads are used to detect the electrical 

current over the frontal plane.  

 

 

 

 

 

 

 

 

 

 

 

                                                                                                           DR. D.P. KHAITAN 

                             MD (MEDICINE)  FCGP(IND)  FIAMS(MEDICINE)  FICP  FICCMD 

 

 

A Narrative Review  

O Heart , leads are thou messengers , directed towards both the planes – frontal and 

horizontal to receive the electrical signals of thy electrical field –  electrical fire gleaming the 

knowledge through waves. The knowledge created by the waves is revealed by the clinicians 

with an explanatory thought in mind. The entire plan may be shattered by misplacing the 

leads – the misfired vision may fog the wisdom of the clinician. This usually happens with 

the ECG limb lead reversal on the frontal plane.   

A high kindling thought is needed to solve the problem.  

 

The heart’s electromagnetic rhythmic field enveloping the body surface 
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Fig. 1.1 



The flow of cardiac current on 

the frontal plane is peaked up 

through the negative electrode 

directed towards the positive 

electrode due to the potential 

difference in between the two 

poles , as illustrated by the 

preceding sketches. 

 
 

Each lead measures the 

electric field created by the 

heart during the depolarization 

and repolarization of the 

cardiac myocytes.  

The limb leads are the key leads through which the cardiac electrical activity is picked up 

from the frontal body surface , imparting so many diagnostic clues to the clinician. 

Einthoven’s triangle is the “Soul-essential” for the purpose. This is essential here to 

understand the concept of Einthoven’s triangle with its related facts. 

Einthoven’s triangle  

  Einthoven Triangle is an imaginary geometry based three limb leads triangle , useful in 

electrocardiograpy formed by the two shoulders (left and right) and the left leg. 

This forms an inverted electrical triangle with the heart lying at the centre. 

 With respect to the centre of origin of the cardiac current if the exploring electrode is 

placed at any point on the body surface beyond 15 cm , there is hardly any noticeable 

effect on the intensity of the current. The points of electrodes placement on the three limbs 

used by Einthoven were having somewhat larger distance , each more than 15 cm away 

from the centre of the heart. By considering this fact the triangle may be assumed to be 

equilateral in nature , as illustrated below. 

 Einthoven inscribed the famous equilateral triangle formed by leads I, II and III at its side 

and derived a very important calculation what he called ‘ the manifest potential difference 

in the heart’ , now known as Electrical axis. 

Augmented Unipolar Limb leads : Dr. Emanuel Goldberger 

Unipolar limb leads were named as augmented unipolar limb leads – aVL, aVR, aVF (aV 

denotes augmented vector and L, R, F used for different concerned leads). 

The concept of the central terminal : Dr. Frank N.Wilson 

The Wilson Central Terminal was formed by connecting a 5 K  each limb electrode and 

adjoining them together. This terminal represents the average of the limbs potential possibly 

near about 0 (Zero). This is used as an indifferent electrode (negative electrode) to record 

the potential difference by adjoining this with the concerned unipolar lead.  

  

 

 

 

 

 

 

 

 

 

 

  

RA LA 

LL 

- 
- - 

+ 

+ + 

I 

III II 

I 
RA LA 

LL 

+ 

+ + 

- 

A B 

+ - 
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Fig. 1.2 



Hexaxial lead system 

By combining together augmented unipolar limb lead system, with that of Einthoven’s 

triaxial lead system it gives birth to the hexaxial lead system -  this is the display of limb 

leads over the frontal plane. Each lead picks up the electrical signal from the cardiac 

electric field , as dictated by its polarity (+/-) leading to the flow of current in a 

particular direction.  

 

 

 

 

 

 

 

Lead aVR 

Being placed at its extreme opposite end , the lead aVR records all the waves as negative          

(P-QRS-T). 

Any unipolar lead placed over this point during the process of limb lead reversal would 

record all the waves as negative. This is an important consideration to be kept in mind 

while interpreting the ECG limb lead reversal.   

Role of Neutral electrode (N) 

The lead connected to the right ankle acts as a neutral electrode , this is just like an electrical 

plug having neutral terminal. This neutral electrode directs the current flow of the circuit 

framed by the different limb electrodes back to the ground , so usually connected at the 

electrical panel. This gives current circulation to flow smoothly through the electrical system 

which allows electricity to be picked up fully by the unipolar/bipolar lead system.  

This right leg neutral electrode also acts to reduce interference and could be placed anywhere 

without an impact on the ECG results.  

This is also an important point to be kept in mind while interpreting ECG limb lead 

reversal.   

aVR aVL 

aVF 

I 

II III 

R = Right shoulder 

L = Left shoulder 

F = Left foot (originally 

midpoint of the pubis was 

chosen by Einthoven as left foot 

representative) 

Right leg = Neutral  electrode 

 

Lead aVR 
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Fig. 1.3 

Fig. 1.4 



Basic ECG as a reference to understand the changes associated with reversal of 
the limb leads  

 

 

 

 

 

 

 

 

 

Basic rules operating behind limb lead reversal on ECG  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regular sinus 

rhythm with 

normal electrical 

axis = +150 (within 

normal range) 

having normal 

polarity over the 

limb leads and 

chest leads.  

LA RA 

LL 

-I 

III II 

aVL aVR 

aVF 

 When a pair of limb electrodes (LA , RA , LL) is 

mutually exchanged without disturbing the 

Neutral electrode (N). 

Einthoven’s triangle is turned over at 180 degrees 

accordingly,  resulting in switching over the places 

of the concerned leads, which may lead to complete 

inversion (P-QRS-T all being negative) in some 

leads with positive polarity in some other leads.  

 

 Exchanging one of the limb 

electrodes with the Neutral 

electrode (N). 

 If a reversal involves the right leg (N) 

and one of the arms, the potential 

difference recorded between the two 

legs will be zero. This results in a 

“Flat-line”. Reversal of the right arm 

with right leg results in flat-line in 

lead II. Similarly reversal of the left 

arm and right leg result in flat-line in 

lead III.  

 Leads in between the two legs 

becomes identical. 

 This exchange brings the Einthoven’s 

triangle to a collapsed state looking 

like a very thin slice and so the rest 

leads encircling the triangle would 

approximate each other but with 

different polarity as dictated by the 

direction of the flow of current.  

 

-LL 

+LA 

- RA 

N 

0 
aVR = aVF 

aVL 

- I 
 

III 

 (shifted to right leg) 

 

(left leg) 

 

Einthoven’s triangle 

is collapsed to a 

very thin triangle , 

as illustrated. 

 

0 = Zero Potential 

 

“Flat-line” 
In lead II 

Example : RA/RL (N) reversal. 

 

Example : 

LA/RA reversal  
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Fig. 1.5 

Fig. 1.6 



 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

V5 

LA RA 

LL 

- 
- 

- 

+ + 

I 

II III 

I 
LA RA 

LL 

+ 

+ + 

- 

A B 

 Left arm and Right arm reversal  

 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

Module 1 : LA/RA reversal 

+ 

- 

Diagnostic ECG changes  : LA/RA reversal 

 P-QRS-T all negative in lead I and aVL  

 Lead aVR often positive.  

 Marked right axis deviation.  

aVL aVR 

LA RA 

LL 
aVF 

-I 

III II 

Unipolar and bipolar limb leads are 

sketched separately for the purpose 

of clarity. 

 

 

 

True dextrocardia can be 

ruled out by noting normal 

R wave progression in 

precordial leads.  

ECG limb lead reversal with its detailing  | 10 

Fig. 1.7 



 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

V5 

LL LA 

RA 

- 

- 

-III 

-I -II 

 

LL LA 

RA 

+ 

+ + 

- 

A B 

Right arm and Left leg reversal  

 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

Module 2 : RA/LL reversal 

+ 

Diagnostic ECG changes : RA/LL reversal 

 Leads I, II, III and aVF are all completely inverted (P-QRS-T all 

being negative) 

 Lead aVR is upright 

aVF aVL 

LL LA 

RA 
aVR 

-III 

- II -I 

 

 

The ECG may mimic as a 

chronic inferior myocardial 

infarction due to inverted T 

waves and QS complexes 

in inferior leads . Exclude 

the condition by other 

associated findings as 

noted above. 

+ 

- 

+ 

- 

Unipolar and bipolar limb leads are 

sketched separately for the purpose 

of clarity. 

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 
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Fig. 1.8 



 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

V5 

RA LL 

LA 

- 

- 

II 

-III I 

RA LL 

LA 

+ 

+ + 

- 

A B 

Left arm and Left leg reversal  

 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

Module 3 :LA/LL reversal 

+ 

A guide spotting LA/LL reversal 

 Lead III is completely inverted (P,QRS and T – all being negative) 

 Unexpectedly larger P in lead I than lead II (just contrary to the 

normal) 

aVR aVF 

RA LL 

LA 
aVL 

II 

I -III 

 

ECG findings : 

Lead III is completely negative  

Unexpectedly larger P I lead I 

than lead II 

For clarity of the vision of P 

wave see the following lead I 

and II (magnified) 

+ 

+ 

- 

Unipolar and bipolar limb leads are 

sketched separately for the purpose 

of clarity. 

- 

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

I 
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Fig. 1.9 



 

 

 

  

 

 

 

 

 

 

 

 

 

  Diagnostic ECG changes : RA/RL (N) reversal 

  

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

V5 

Right arm and Right leg (N) reversal  

 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

Module 4 : RA/RL (N) reversal 

ECG findings : 

As enumerated above   

-LL 

+LA 

- RA 

N 

0 
aVR = aVF 

aVL 

- I 
 

III 

If a reversal involves the right arm and 

right leg (N), the potential difference 

recorded between the two legs will be 

Zero (both the leg electrodes are 

negative). This results in a  “Flat-line” 

in lead II.  

And Einthoven’s triangle is collapsed to 

a very thin slice.  

 

(shifted to right leg) 

 

(left leg) 

 

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

 Lead II records a flat line (Zero potential) 

 Leads aVR and aVF becomes identical. 

 Lead I , III and aVL approximate each other but with different 

polarity (lead I and aVL with negative polarity and lead III with 

positive polarity).  

       (The precordial leads voltage are altered due to the shift of the neutral   

       electrode) 

 

Einthoven’s triangle 

is collapsed to a 

very thin triangle , 

as illustrated. 

 

0 = Zero Potential 

 

“Flat-line” 
In lead II 

| 13 

Fig. 2.0 



 

 

 

  

 

 

 

 

 

 

 

 

 

  Diagnostic ECG changes : LA/RL (N) reversal 

  

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

V5 

Left arm and Right leg (N) reversal  

 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

Module 5 : LA/RL (N) reversal 

ECG findings : 

As enumerated above   

+ LA 

-RA 
N 

0 
aVL = aVF 

aVR  

I 
If a reversal involves the left arm and 

right leg (N), the potential difference 

recorded between the legs will be Zero 

(both the leg electrodes are negative). 

This results in a  “Flat-line” in lead III.  

And Einthoven’s triangle is collapsed to 

a very thin slice.  

 

 

(shifted to right leg) 

 

(left leg) 

 

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

 

 

 

0 = Zero Potential 

 

“Flat-line” 

II 

+LL 
in lead III 

Einthoven’s triangle 

is collapsed to a 

very thin triangle , 

as illustrated. 

 

 Lead III records a flat line (Zero potential) 

 Leads aVL and aVF becomes identical. 

 Lead I , II and aVR approximate each other but with different 

polarity (lead I and II with positive polarity and lead aVR with 

negative  polarity).  

       (The precordial leads voltage are altered due to shift of the neutral   

       electrode  N) 
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Fig. 2.1 



 

 

 

  

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

Bilateral Arm-Leg reversal 

 

ECG findings : 

As enumerated above   

-LA 

+LL 

- RA 

N 

0 
aVR = aVL 

aVF 

- II 
 

-III 

If there is bilateral-arm leg reversal (LA-

LL plus RA-RL) the  potential difference 

recorded between the legs will be Zero 

(both the leg electrodes are negative). 

This results in a  “Flat-line” in lead I.  

And Einthoven’s triangle is collapsed to 

a very thin slice.  

 

 

(shifted to right leg) 

 

(left leg) 

 

I 

II 

III 

aVR 

V1 

V2 

V3 

V4 

 Lead I records a flat line (Zero potential) 

 Leads aVR and aVL becomes identical. 

 Lead II , III and aVF approximate each other but with different 

polarity (all  with negative polarity).  

       (The precordial leads voltage are altered due to the shift of the neutral   

       electrode) 

 

0 = Zero Potential 

 

“Flat-line” 
In lead I 

The flow of cardiac current on the frontal plane is peaked up through the 

negative electrode directed towards the positive electrode due to the 

potential difference in between the two poles , as illustrated below.  

Module 6 :Bilateral Arm- Leg reversal (LA-LL with RA-RL) 

aVL 

aVF 

V5 

V6 

Einthoven’s triangle 

is collapsed to a 

very thin triangle , 

as illustrated. 

 

Diagnostic ECG changes : Bilateral Arm-Leg reversal  

                                              (LA-LL with RA-RL) 
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Fig. 2.2 



 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The diagnosis of limb lead reversal on ECG is a challenging call to the clinicians but the task 

would become easier by the consideration of the following facts : 

 By seeing the presence of completely inverted (P, QRS and T) waves in certain 

ECG leads on an unusual site. One should consider the following possibilities 

 

 

 

 

 

 

 

 

 

 

 

Module 7 : LL/RL (N) reversal  

Mutual exchange of the electrodes in between both lower limbs brings no basic alteration in the 

configuration of Einthoven’s triangle. This is to be noted here that the electrical impulse from the right 

leg is identical to that of left leg , as illustrated by the following sketch.  

 

RA LA 

RL (N)  = LL  

+ 

+ + 

- 

I 

III II 

(The electrical signals from either leg is virtually identical) 

 

LA/RA reversal : 

 P-QRS-T all negative in lead I and aVL  

 Lead aVR often positive.  

 Marked right axis deviation.  

RA/LL reversal : 

 Leads I, II, III and aVF are all completely inverted (P-QRS-T all 

being negative) 

 Lead aVR is upright 

LA/LL reversal : 

 Lead III is completely inverted (P,QRS and T – all being negative) 

 Unexpectedly larger P in lead I than lead II (just contrary to the 

normal) 

ECG changes remain unchanged 
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Fig. 2.3 



 By seeing the presence of “Flat-line” in certain leads . One should consider the 

following possibilities : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The recognition of such ECG limb lead replacement errors should be recognized in practice 

to avoid unnecessary investigation with therapeutic interventions. Whenever in doubt ECG 

recording should be repeated without any hesitation.  

Further reading suggested 

1. LeoSchamroth An Introduction to ELECTROCARDIOGRAPHY (Eighth Adapted 

Edition) , Basic Principles – P No. 6 

2. Limb Lead Reversal ECG Review  

Source : https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-

reviews-and-criteria/limb-lead-reversal-review 

3. ECG Lead Placement and Identifying Lead Reversal 

https://www.physio-control.com/WorkArea/DownloadAsset.aspx?id=2147497090 

4. ECG Pointers : Limb Lead Reversal  Author : Ari Edelheit, MD etal. 

http://www.emdocs.net/ecg-pointers-limb-lead-reversal/ 

5. ECG Limb Lead Reversal , Author – ED Burns and Robert Buttner 

https://litfl.com/ecg-limb-lead-reversal-ecg-library/ 

6. Common ECG Lead Placement Errors. Part I: Limb lead Reversals 

https://www.ijms.info/IJMS/article/view/95/544 

RA/RL (N) reversal : 

 Lead II records a flat line (Zero potential) 

 Leads aVR and aVF becomes identical. 

 Lead I , III and aVL approximate each other but with different 

polarity (lead I and aVL with negative polarity and lead III with 

positive polarity). 

LA/RL (N) reversal : 

 Lead III records a flat line (Zero potential) 

 Leads aVL and aVF becomes identical. 

 Lead I , II and aVR approximate each other but with different 

polarity (lead I and II with positive polarity and lead aVR with 

negative  polarity).  

  

LA-LL  with RA-RL reversal : 

 Lead I records a flat line (Zero potential) 

 Leads aVR and aVL becomes identical. 

 Lead II , III and aVF approximate each other but with different 

polarity (all  with neutral polarity).  
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THE SI, SII, SIII SYNDROME IN 

CHRONIC OBSTRUCTIVE 

PULMOANRY DISEASE 



 

 

 

 

 
 

 

Introduction 

Chronic obstructive pulmonary disease is characterized by persistent airflow obstruction that 

is usually progressive in nature. In due course of time , there is involvement of right ventricle 

leading to cor pulmonale. ECG helps a lot in detecting right ventricular involvement by its 

different parameters.  

An electrocardiographic entity SI , SII , SIII syndrome is not uncommon electrocardiographic 

finding associated with acquired right ventricular enlargement due to chronic obstructive 

pulmonary disease.  

What SI , SII, SIII syndrome denotes ? 

This syndrome is characterised by prominent S waves in all the three standard leads ( I , II 

and III) , the S wave should be greater than the preceding R wave in at least two of the leads.  

Mechanism  

In this syndrome QRS vector is directed superiorly and to the right i.e. in ‘north-west region’ 

which is the region of -900 counterclockwise to -1500. In such a situation the terminal S 

vector is having more alignation with the negative pole of standard lead II , compared with 

the negative standard lead III. This causes the S wave in standard lead II to be deeper than the 

S wave in standard lead III. Due to the displacement of the terminal QRS vector somewhat 

anteriorly , there may be terminal r’ deflection in lead V1 with normal QRS duration. This 

may be within normal limit in children but in adults raises the possibility of right ventricular 

enlargement.  

Conclusion 

The shift of QRS vector to ‘north-west region’ leading to SI, SII, SIII  syndrome may indicate 

earlier right ventricular involvement , even without the evidence of right ventricular 

hypertrophy. If one encounters such a finding on ECG , he should examine the patient fully 

before this to be attributed to COPD.   

 

A Narrative Review  
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THE SI , SII , SIII SYNDROME IN CHRONIC 

OBSTRUCTIVE PULMONARY DISEASE  

ECG 

Luminous is the pathway through this standard leads I , II  and III on ECG which may kindle 

the evidence of SI , SII , SIII syndrome towards the high possibility of chronic obstructive 

pulmonary disease in adult  population. . One should also try to evaluate COPD by clinical 

evidences as well. 



Illustration by ECG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suggested Further reading 

1. LeoSchamorth  An Introduction to Electrocardiography (Eighth Adapted Edition) , 

The SI , SII , SII Syndrome  , P 60 

2. The S1, S2, S3 Syndrome in Chronic Pulmonary Disease 

https://journal.chestnet.org/article/S0096-0217(16)31038-

X/fulltext#:~:text=The%20S1%2C%20S2%2C%20S3%20syndrome%20is%20not,right%20v

entricle%20was%20150%20mm. 

3. Pseudo left axis deviation and the S1S2S3 syndrome in chronic airway obstruction 

https://pubmed.ncbi.nlm.nih.gov/852319/ 

I 

II 

III 

aVR 

V1 

V2 

V3 

V4 

aVL 

aVF 

V5 

V6 

ECG findings : 

I. QRS vector is directed to -1000 with prominent R in lead 

aVR . 

II. Prominent S wave in leads I , II and III . The S wave in 

lead II is deeper than S wave in lead III.  

III. Clockwise rotation most possibly due to increased 

electrical forces from the right ventricle.  

History : 

A 46 years male with the clinical evidence of COPD 
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HYPERTROPHIC CARDIOMYOPATHY –  
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OUTLINE 

Introduction  
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ECG characteristics as per site 

Electrocardiographic manifestation (General)  

Conclusion 

Illustration by ECG 
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Introduction 

Normally the ventricular myocytes are having well-organized syncytial mass having more or 

less parallel arrangement.   

In Hypertrophic Cardiomyopathy , this sort of arrangement is lost leading to a ‘disarray 

pattern’ i.e disorganized and irregular architecture of the ventricular myocytes. It is a 

heredofamiliar disorder of autosomal dominant in nature with variable penetrance and 

expressivity. The characteristic feature of this cardiomyopathy is inappropriate and 

asymmetrical myocardial hypertrophy occurring in the absence of an obvious inciting 

secondary cause (eg. aortic stenosis , systemic hypertension ,  etc.). 

Sites of  ‘disarray pattern’ in hypertrophic cardiomyopathy  

1. Left ventricular hypertrophy : commonly affecting one or more of the following 

regions: 

 Asymmetric interventricular septum hypertrophy ( + obstruction through the left 

ventricle outflow tract).  

 Hypertrophy of free wall of left ventricle  

 Hypertrophy of apical and paraseptal areas of left ventricle 

 Combined interventricular septum and free left wall hypertrophy. 

2. Right ventricular hypertrophy : It is rare.  

 

 

 

 

 

 

 

 

 

 

 

 

A Narrative Review  

Hypertrophic cardiomyopathy is a discordant hymn of heredofamiliar invocation, having 

inappropriate and asymmetrical myocardial hypertrophy by its expression without having an 

obvious inciting hypertrophy force – A Flame of this Mystic Fire is burning within the heart.   

                                                                                                           DR. D.P. KHAITAN 
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Inferior 

Free wall of left ventricle   

 

Apical and Paraseptal 
ECG characteristics as per site 

interventricular septal 

hypertrophy 

Hypertrophy of free wall 

of left ventricle  

Hypertrophy of apical and 

paraseptal areas of left 

ventricle  

Combined interventricular 

septum and free left wall 

hypertrophy  

Septal hypertrophy (deep 

and narrow Q wave) over 

V3-V6 and inferior 

oriented leads II , III , aVF.  

Left ventricular 

hypertrophy pattern with 

the sum of R in V5/6 and S 

in V1 is more than 35 mm. 

Tall R wave over the 

adjoining mid-precordial 

leads V2-4 and standard 

lead II.  

Left ventricular hypertrophy 

+ deep and narrow Q waves 

over left precordial leads and 

inferior leads.  

Hypertrophic Cardiomyopathy – A basic consideration 
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Electrocardiographic manifestation 

 Changes in the configuration of QRS complex 

o Deep and narrow Q wave due to asymmetric interventricular septum  

hypertrophy.  

o Classical left ventricular hypertrophy due to left ventricular free wall 

involvement.  

o Tall R waves as in apical hypertrophy.  

 Associated ST-T changes  

o Shelf-like appearance of the ST segment (the proximal part of the ST segment is 

relatively straight and may have a downward slant to continue as a proximal limb 

of the T wave). 

o Deeply inverted T waves with asymmetrical limbs : marked repolarization 

abnormalities due to the hypertrophic segment  leading to very prominent T 

inversion. Giant inverted T waves (>1.0 mV) are encountered more often in 

patient with apical type of hypertrophic cardiomyopathy. The Japanese form of 

apical hypertrophy is characterised by giant negative T wave and tall R wave in 

the left precordial leads.  

 Prolongation of the QT interval  

 Conduction defects  

o Left anterior fascicular block – This is most significant manifestation of 

hypertrophic cardiomyopathy in children.  

o Left bundle branch block – In incomplete LBBB , there is a disappearance of 

septal Q wave in lead V5-6, lacking the evidence of deep /narrow Q wave in this 

sort of block.  

 Left and/or right atrial abnormality – Right atrial hypertrophy in the presence of left 

ventricular hypertrophy  with typical ST and T changes is highly suggestive of 

hypertrophic cardiomyopathy.  

 WPW syndrome – It is an uncommon association with HCM. Some authorities attribute 

delta like waves to incompete LBBB pattern due to pressure effect rather than WPW 

syndrome itself. 

 Arrhythmias – commonly ventricular arrhythmias but supraventricular arrhythmias 

might also be encountered.  

Conclusion  
Electrocardiographic abnormalities of HCM may be picked up on ECG even before detection 

by echocardiography. ECG is more sensitive than echocardiography during family screening 

of such cases.  

 

ECG reflection of right ventricular involvement : This variant HCM involves the right 

ventricle, including the septum with one or more of the following findings (very rarely) : 

Right axis deviation + right ventricular systolic overload + right atrial enlargement + complete or 

incomplete right bundle branch block.   
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Illustration by ECG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source Global Heart Rhythm Forum on 10th March,2020  

Evidence of LVH + deep and narrow Q over lead I, aVL , V4-V6  + 

Repolarization changes over inferior leads , being most marked over precordial leads -giant T 

inversion= HCM ( most possibly apical with free left wall hypertrophy) 

Further reading suggested 

1. LeoSchamroth An Introduction to Electrocardigraphy (Eighth Adapted Edition) 

Chapter – 27  Hypertrophic Cardiomyopahy P 208-211 

2. CHOU’S Electrocardiography in Clinical Practice (Sixth Edition)  Chapter -12 

Diseases of the Heart and Lungs , P 276-279 
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Introduction 

Acute Pulmonary embolism presents itself with variable clinical manifestations and it should 

always be kept in mind as a differential approach for acute shortness of breath , chest pain , or 

even syncope. The ECG remains most widely used  and easily available tool. 

Though the ECG often picks up the abnormalities associated with pulmonary embolism but 

the findings are neither sensitive nor specific to reach to the diagnosis or exclude PE. This is 

to be noted that 20% of patients with Pulmonary embolism are having a completely normal 

ECG. The ECG changes associated with acute pulmonary embolism may be observed in any 

condition causing acute pulmonary hypertension including hypoxia causing pulmonary 

hypoxic vasoconstriction. The greatest utility of the ECG recording in such a demanding 

situation is ruling out other devastating life-threatening conditions as well like myocardial 

infarction.  

Pathophysiological Basis  
Acute Pulmonary embolism is reflected on ECG attributed to the following reasons : 

 Overstimulation of the sympathetic nervous system due to associated pain , anxiety 

and hypoxia , manifested as sinus tachycardia.  

 Dilatation of the right ventricle , subsequently also causing the dilatation of the right 

atrium. There is also shift of the heart with clockwise rotation.  

 Right ventricular ischemia.  

 

These changes can be illustrated by the following sketch : 

 

 

 

 

 

 

 

 

 

 

 

 

A Narrative Review  

The Fire of Pulmonary embolism is the long Thread , set blazing high , it also touches the 

gated house of the Heart. Being a violent overthrower , it sends the signals also to the heart , 

the most common is sinus tachycardia .  

The  clinicians catch the high-kindled signals and extinguish thy fire by their best efforts.  

                                                                                                           DR. D.P. KHAITAN 
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Acute Pulmonary embolism and assoicated ECG changes  
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Pulmonary artery occlusion 

Hypoxia  

Overstimulation of sympathetic 

nervous system.  

Increased RV pressure 

Increased myocardial 

oxygen demand   

 Dilatation of the right 

ventricle and right 

atrium 

 Shift in the position 

of the heart  

RV ischemia 

Fig. 1.1 



 

Such changes over the right ventricle , as enumerated above may lead to reduced RV stroke 

volume with resultant reduced left ventricular preload and reduced coronary perfusion as 

well.  Thus ischemic changes might also be extended even to the left ventricle.    

Associated ECG changes  
A good number of patients – upto 20% or more may not reveal any remarkable 

electrocardiographic abnormalities , as a result of the embolic phenomenon. Many of the 

ECG abnormalities do appear very early , say within minutes to few hours at the onset of the 

event. Therefore , it becomes very essential to pickup these abnormalities of earlier onset by 

recording the ECG changes as early as possible (within 1-2 hours) after the patient feels the 

symptoms and afterwards , serial ECG changes should be recorded to see the progressive 

changes. ECG changes are rather dynamic in nature.  

These changes can be explained and listed as follows : 

 Overstimulation of the sympathetic nervous system due to pain, anxiety and 

hypoxia  

           

Sinus tachycardia  

The most common ECG denominator in the event of acute pulmonary embolism is 

sinus tachycardia in about half of the cases.  

 Dilatation of the right ventricle 

o Right ventricular strain pattern (34%) -  T wave inversions over the right 

precordial leads (V1-V4 ; more significant if noticed over > 2 such precordial 

leads) + the inferior leads (II, III , aVF). 

An ECG showing RV strain in an acutely breathless patient is highly 

suggestive of acute pulmonary embolism. 

o Complete or incomplete right bundle branch block (RBBB) in 18% of 

such cases due to the stretched-pressure of the dilated and distorted right 

ventricle.   

o Right axis deviation in 16% of such cases. This may be associated with S 

wave in lead I. Sometimes , a marked right axis deviation might be there with 

an axis between 00 and -900 giving the impression of ‘Pseudo left axis 

deviation’. 

o Dominant R wave in V1 (Right ventricular dilatation) 

o In some cases, there may be right atrial enlargement (as P pulmonale on 

ECG) due to the transmitted pressure from below dilated right ventricle. Right 

atrial dilatation may also be attributed to increased tricuspid regurgitation 

resulting from increasing RV dilatation.  

o ‘SIQIIITIII’ pattern (McGinn-White Sign)  

In 1935 McGinn and White firstly presented his clinical paper correlating 

ECG finding in five patients within 21 hours of the clinical events of 

pulmonary embolism showing a prominent S wave in lead I , a Q wave in 

lead III and negative T wave in lead III.  
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This sign implies acute pressure and volume overload over the right ventricle 

as a consequence of pulmonary hypertension – reflecting right ventricular 

strain. Any cause of acute cor pulmonale , such as pulmonary embolism , 

acute bronchospasm , pneumothorax , any other acute lung disorder , etc. 

might be responsible for this sign. This is neither sensitive nor specific for 

pulmonary embolism and this sign is not always present on ECG. 

A large S wave in lead I , a Q wave in lead III and an inverted T wave in 

lead III - all together point towards right ventricular strain.  

The prominent S wave (a deep and narrow deflection) in standard lead I 

is due to resultant right axis deviation. This S wave usually occurs earlier 

within 24 hours and returns to the normal gradually over a number of weeks.  

The Prominent Q wave in lead III - Q wave is less than 0.04 sec in duration 

and the magnitude is less than 25% of the following R wave ; a QS complex is 

not encountered with acute pulmonary embolism. 

This would be worthwhile to mention here that the right ventricle occupies 

about one-third of the inferior (diaphragmatic) surface of the heart while the 

left ventricle occupies roughly two-thirds of the inferior surface.  

This Q wave might occasionally also be seen in aVF or even standard lead II 

with severe right ventricular dilatation , pushing it more towards the left.  

T wave inversion in standard lead III  - This indicates shifting of the T 

wave axis towards the left , 900 leftward away from the lead III. Sometimes T 

wave inversion in lead aVF with an equiphasic T wave in standard lead II 

might be in association.  

o Clockwise rotation  - with shift of the transitional zone towards the left , 

even extending upto lead V5 or V6. This occurs due to the RV dilatation.  

 

 RV ischemia 

ST segment depression consequent with subendocardial ischemia might be observed 

over right chest leads and at times may be diffuse and wide spread in nature.  

 

 Miscellaneous findings  

o Low amplitude deflections – In some cases this occurs as a tendency to low 

voltage on ECG, the cause being uncertain.  

o Atrial tachyarrhythmias in some cases – Atrial extrasystoles , atrial fibrillation 

, atrial flutter , atrial tachycardia.  

Clinical usefulness of ECG findings in Acute pulmonary embolism 

As already mentioned that ECG is neither sensitive nor specific enough to diagnose or 

exclude pulmonary embolism but the following consideration must be kept in mind : 

 In the presence  of a compatible clinical picture (acute breathlessness , + pleuritic 

chest pain or even syncope ), the ECG showing the evidence of the right ventricular 

dilatation such as right ventricular strain pattern , RBBB , Right axis deviation , etc. 

might be predictive of acute pulmonary embolism and this should be supported by 

prompt further diagnostic testings. 
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Simultaneous T wave inversion over the inferior leads (II, III , aVF) and right 

precordial leads (V1-4) is the most specific findings in this context in favour of Acute 

pulmonary embolism , with reported specificities upto 90% in one of the studies, 

compared to negative T waves in lead III and V1 in only 1% cases of acute coronary 

syndrome.  

 The finding of right heart strain and atrial arrhythmias are having a worst prognosis. 

Illustration by ECG  

A 42 years male suddenly developed with mild palpitation with the following ECG changes : 

 

 

 

 

 

 

 

 

Findings : 

 Mild sinus tachycardia  

 SIQIIITIII Pattern  

 T wave inversion over V1  and V3 , a tendency to have T wave inversion over V2. T 

wave inversion also over inferior leads (II, III, aVF). 

 Clockwise rotation 

 

 

 

 

 

 

 

 

 

 

 

 

 

SI QIII TIII 
Pattern 
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CARDIAC ECHO OF THE SAME PATIENT with the following findings : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

The ECG is widely used and easily available tool. ECG changes in acute pulmonary 

embolism compatible with clinical picture yield a positive pointer towards the diagnosis of 

acute pulmonary embolism. 

Further suggested reading 

1. CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (sixth Edition ) 

P 195-196 

2. Marriot’s Practical Electrocardiography (12th Edition) P 269-270 

3. LeoSchamroth Introduction to Electrocardiography (Eighth Adapted Edition) P 150 

Chapter 19 Acute Pulmonary Embolism 
4. Goldberger’s Clinical Electrocardiography – A simplified approach (First South Asia 

Edition) P 118-120 

5. Pulmonary Embolism ECG review 

https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-

criteria/pulmonary-embolism 

6. ECG changes in Pulmonary Embolism 

Ed Burns and Robert Buttner 

https://litfl.com/ecg-changes-in-pulmonary-embolism/ 

Interpretation Comments 

RA/RV/MPA DILATED. NO RWMA OF LV. 2DLVEF = 55% MILD TR, PASP=58 MMHG.TAPSE = 16 

MM. NO MS/ASD/PS. NO MR/AR/COA. IVC = 17 MM &<50% COLLAPSIBLE.  

FINAL IMP : MILD TR, MOD PAH, NORMAL BIVENTRICULAR FN.  

D/D   1. PPH. 2. PULM EMBOLISM  

TO CORRELATE CLINICALLY 

Thrombus in right pulmonary and left lower lobe pulmonary arteries causing partial filling 

defects – Pulmonary embolism.  

 

CT PULMONARY ANGIOGRAPHY  
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CT PULMONARY ANGIOGRAPHY OF THE SAME PATIENT ( Pulmonary Angiogram 

is a Gold-Standard providing more or less 100% certainty that an obstruction exist in the 

pulmonary artery ; negative angiogram provides > 90% certainty in the exclusion of PE) 

 

Fig. 1.3 

https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-criteria/pulmonary-embolism
https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-criteria/pulmonary-embolism
https://litfl.com/author/edward-burns/
https://litfl.com/author/robertwbuttner/
https://litfl.com/ecg-changes-in-pulmonary-embolism/


7. ECG Diagnosis : Pulmonary Embolism  

Joel T Levis, MD, PhD, FACEP, FAAEM – 

The Permanente Journal  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3267566/ 

8. ECG in suspected pulmonary embolism 

Duncan Thomson et al  

https://pmj.bmj.com/content/95/1119/12 

9. How is ECG used in the workup for pulmonary embolism (PE)? 

Author: Daniel R Ouellette, MD, FCCP; Chief Editor: Zab Mosenifar, MD, FACP, FCCP  

https://www.medscape.com/answers/300901-8527/how-is-ecg-used-in-the-workup-

for-pulmonary-embolism-pe 

10. Unique ECG Findings in Acute Pulmonary Embolism: STE with Reciprocal Changes 

and Pathologic Q Wave 

Amanda Grant-Orser 

https://www.hindawi.com/journals/cricc/2018/7865894/ 
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ELECTRICAL ALTERNANS –                                                                     

ANALYTIC APPROACH TO ITS DIAGNOSIS  

ECG 

OUTLINE 

Introduction  

Classification 

1. A phasic variation of the R wave amplitude associated with cardiac 

temponade / large pericardial effusion.   

2. Pseudoelectrical alternans  

i. Associated with fast heart rate e.g. AVRT , AVNRT. 

ii. Events that alter the conduction pathway without altering the  

physical orientation of the heart e.g. Bigeminal premature 

ventricular contraction, Alternate bundle branch block , 

Alternate Pre-excitation. 

3. A specific entity associated with T wave and / or ST segment 

alternans with an increased risk for ventricular arrhythmias and 

sudden cardiac death.  

 

Illustration by ECGs 

Concluding remarks  

References 

Electrophysiological based mechanism 

Electrocardiographic Pearls  
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O waves on ECG , thou glow and display thyselves in a disciplined way with a clarity of thy 

message to the clinicians. Thou illuminate us towards a white light of inspired knowledge 

with the glimpse of thy perfect force. The physicians churn out the waves-fullness with its 

amplitude / morphology : alternation of thy manifested force on ECG carves the thought-

seeking process behind this breakthrough , thus , imparting a concept of thy steps on 

electrophysiology.  

The imbibed knowledge of this Electrical alternans creates a field of phraseology – upholding 

the diagnostic pearls for the clinicians to peep through and to reveal its secrecy.  

Introduction 

Electrical alternans , as its name implies is an electrocardiographic phenomenon describing 

alternate beat-to-beat variation in the amplitude of waves , its direction (whether up or down) 

and/or variation in the length-duration of the intervals (i.e.  waves usually QRS complex and / 

or T wave ; intervals usually ST segment). When all main complexes (P-QRS-T) alternate as 

a whole together , the phenomenon is nomenclatured as ‘Total electrical alternans’. This is to 

be mentioned here that Electrical alternans is not a distinct clinical entity in itself but rather 

an ECG manifestation of underlying altered cardiac electrophysiology. This phenomenon 

with an alternation in the amplitude of  the R wave , as commonly seen , is illustrated below : 

 

 

 

 

 

This electrocardiographic manifestation was firstly detected by Theodor Herring in 1909 , 

further elaborated upon by Sir Thomas Lewis in 1910 , and the first description of Electrical 

alternans on the surface ECG was credited to Kalter and Schwartz group in 1948. 

Classification 
1. A phasic variation of the R wave amplitude associated with cardiac temponade / large 

pericardial effusion.   

2. Pseudoelectrical alternans  

Whenever Electrical alternans is considered not due to large pericardial effusion , then 

it would be wiser to consider pseudoelectrical alternans as a differential diagnosis.  

i. Associated with fast heart rate e.g. AVRT , AVNRT. 

ii. Events that alter the conduction pathway without altering the physical 

orientation of the heart e.g. Bigeminal premature ventricular contraction , 

Alternate bundle branch block , Alternate pre-excitation. 

3. A specific entity associated with T wave and/or ST segment alternans with an 

increased risk for ventricular arrhythmias and sudden cardiac death.  
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Electrical alternans –  analytic approach to its diagnosis 
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Fig. 1.1 



 

 

Electrophysiological based mechanism 

1. A phasic variation of the R wave amplitude associated with cardiac temponade / large 

pericardial effusion.   

Mechanism : This is due to the pendulum like swinging in rotation from 

anterior to the posterior direction and vice versa in the fluid-filled pericardial 

sac with beat-to-beat motion of the heart at critical heart rates , though 

sometimes absent unexplainably as similar heart rates.   

This is often seen with larger effusions , therefore , may be associated with 

metastatic malignancy of the breast or lung. Not all pericardial effusions result 

in electrical alternans , just being present in 5 to 10 percent of cases with 

massive effusion.  

Pericardial effusion with electrical alternans is often asymptomatic , therefore , 

its assessment by echocardiogram is a ‘must’ with further cardiology referral. 

This should always be kept in mind that 'triad of sinus tachycardia , Electrical 

alternans and low voltage QRS’ is virtually diagnostic of Cardiac temponade. 

The diagnosis may be further clinically strengthened by Beck’s triad  : 

hypotension, muffled-heart sounds and the distended neck veins.  

o Others examples are as follows : 

Sometimes associated with emphysema : alternation of the electrical 

conductivity between the heart and the imposed electrodes over the chest. 

It is rather under appreciation that the movement of the heart in hypertrophic 

cardiomyopathy (HCM) may cause Electrical alternans as well.  

 

2. Pseudoelectrical alternans with no prognositic significance 

The term ‘pseudoelectrical alternans’ was first described by Klein, Segni and 

Kaplinsky in 1978. 

Whenever Electrical alternans is considered not due to large pericardial effusion , then 

it would be wiser to consider pseudoelectrical alternans as a differential diagnosis.  

i. Associated with fast heart rate. 

 Mechanism :  

 As heart rate increases , it reaches the threshold above which Ca2+ 

induced ‘Excitation-contraction coupling’ mechanism begins to 

appear with a subsequent faster Ica activation and inactivation with 

beat-to-beat cardiac contraction on alternate basis .  

 This is also known fact that the larger Ca2+ transient rise will also 

drive greater inward sodium ions through Na-Ca exchange 

mechanism.  

These steps result in Electrical alternans with R voltage variation 

on alternating beats.  

The entire shceme is illustrated with Fig 1.2. 
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In Tachyarrhythmias as with SVT , alternans is more common with AVRT compared 

to AVNRT . Appearance of QRS alternans as a part of narrow complex tachycardia 

usually suggests the diagnosis of orthodromic AVRT (Here the heart rate is faster 

than 200 bpm facilitating the more probability of electrical alternans attributed to 

AVRT rather than AVNRT). It would be better to recognise pre-excitation on basal 

ECG for further clarification. As an alternative diagnosis AVNRT should be 

considered. 

ii. Associated with altered conduction pathway 

 Mechanism : This is due to alternation in axis or amplitude because of 

events that alter the conduction pathway without altering the physical 

orientation of the heart.  

Examples are Bigeminal premature ventricular contraction , Alternanate 

bundle branch block , Alternate pre-excitation. 

 

3. A specific entity associated with T wave and / or ST segment alternans with an 

increased risk for ventricular arrhythmias and sudden cardiac death.  

 Mechanism : 

 Increased spatial heterogeneity of cardiac myocytes with 

enhanced transmural dispersion during repolarization phase is 

the main culprit (Endocardial myocytes are more prone to 

repolarization alternans compared to epicardial myocytes). That’s 

why , the changes are restricted here to repolarizing phase – 

alternans occurs with the heart rate exceeding the capabilities of the 

myocytes to cycle calcium on a beat to beat basis.  

 The slow component – IKs is increased in amplitude and activation , 

being shifted to less positive voltage and the L-type Ca2+ current is 

accordingly modified to produce a smaller more rapidly inactivating 

current – so resulting in T wave alternans (TWA). 

 ST segment alternans , most commonly due to myocardial 

ischemia is also the resultant of imbalanced Ca2+ cycling here also 

under the cover of altered spatial heterogeneity of cardiac myocytes. 
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Fig. 1.2   Excitation-Contraction Coupling 
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o T wave alternans (TWA) is a beat-to-beat alternation of its contour , 

amplitude and / or polarity on the surface ECG , brought about in vision by a 

graded exercise producing a controlled elevation of heart rate (typically        

98-100 bpm) , thereby keeping the heart rate sustained for a suitable period of 

time (typically 1-3 min) to have the reliable measurement of TWA. It is being 

proposed that with increase in HR the capability to pump Ca2+ into 

sarcoplasmic reticulum with the slow component – Iks is downregulated on 

alternating beats leading to electrical alternans.  

This would be worthwhile to mention here that even Long QT syndrome might 

have increased repolarizaton dispersion leading to T wave alternans , therefore 

long QT syndrome even with slow heart rate might be a risk factor for TWA 

mediated Torsades de pointes.  

TWA is largely attributed to the altered subpopulation of cardiac myocytes 

with spatial heterogeneity leading to enhanced transmural dispersion during 

repolarization on alternate beats. According to some studies microvolt T 

alternans might prove itself to be stratifying risk factor for malignant 

ventricular arrhythmias resulting in sudden cardiac death. It is rather 

discordant alternans that produces the substrate for cardiac block resulting in 

re-entry cycle for ventricular arrhythmias.  

o ST segment alternans with beat to beat variation, occuring mainly in the 

amplitude of ST segment elevation , most commonly observed due to 

myocardial ischemia. In variant angina ST alternans proves itself to be an 

index of the severity of ischemia and precursor of different ventricular 

arrhythmias as well.  

  

Electrical alternans affecting the ST segment and / or T wave is common 

among patients at increased risk for ventricular arrhythmias.  

Subtle electrical alternans on the electrocardiogram may serve as a non-

invasive marker of  such vulnerability. 

 

Phase 2 , Phase 3 : 

ventriuclar repolarization under normal condition  responsible for the 

genesis of ST segment and T waves on ECG. 

Typically , beat-to-beat alternation in phase 2 , greater extent with 

phase 3 of the ventricular action potential is observed with TWA.  
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Fig. 1.3 



 

 

 

Electrocardiographic Pearls  
By the discussion made so far it would be wiser to mention the following ‘Phraseology  of  

Electrocardiographic Pearls’ concerned with Electrical alternans. 

 

 

 Electrical alternans is not always a benign event and the clinician should always 

exclude cardiac temponade first. Pericardial effusion with electrical alternans is often 

asymptomatic , therefore , its assessment by echocardiogram is a ‘must’ with further 

cardiology referral. This should always be kept in mind that triad of                            

‘sinus tachycardia ,electrical alternans and low voltage QRS’ is virtually diagnostic 

of Cardiac temponade 

 Whenever Electrical alternans is considered not due to large pericardial effusion , 

then it would be wiser to consider pseudoelectrical alternans as a differential 

diagnosis . 

i. Appearance of QRS alternans as a part of narrow complex tachycardia usually 

suggests the diagnosis of orthodromic AVRT. As an alternative diagnosis 

AVNRT should be considered as a differential 

ii. ECG must be analysed for the presence of bigeminal premature contraction , 

alternate bundle branch block , alternate pre-excitation , etc to exclude 

conduction pathway abnormality as a cause of electrical alternans.  

 Electrical alternans affecting the ST segment  and /or T wave is common among 

patients at increased risk for ventricular arrhythmias. Subtle electrical alternans on 

the electrocardiogram may serve as a non-invasive marker of such vulnerability . 

 The presence of ST segment alternans in the setting of myocardial ischemia may also 

provoke the run of ventricular arrhythmias with sudden cardiac death. 

 This would be worthwhile to mention here that even Long QT syndrome might have 

increased repolarizaton dispersion leading to T wave alternans , therefore long QT 

syndrome even with slow heart rate might be a risk factor for TWA mediated 

Torsades de Pointes. 

 Lastly to mention that deep breathing may be the cause of altenans over the precordial 

leads caused by the additional distance created.  
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Illustration by ECGs 

 ECG No.  1 : Pericardial Effusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG findings : 

 Triad of Sinus tachycardia (here Heart Rate  = 111 bpm) , Electrical alternans , most 

obvious over precoardial leads V1-4  and low voltage (more obvious over precordial 

leads) is suggestive of Pericardial effusion.  

(Low voltage defined as QRS amplitude less than 0.5 mV in all limb leads and QRS 

amplitude less than 0.1 mV in all precordial leads). 

Additional findings  

 PR segment depression of 0.1 mV in lead II (PR segment depression of 0.1 mV or 

greater in atleast in one lead other than aVR is suggestive pericardial effusion). 

 Poor R wave progression (here might be the variant of normal with diminished 

anterior forces due to rotation of the heart with pericardial effusion). 

 Right axis deviation : a more vertical orientation of the heart might have shifted the 

axis to the right in such large pericardial effusion.  

Cardiac echo  showed the presence of Pericardial effusion. 
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Source : Dr. R. Rajasekar , Diabetologist and Senior Consultant in Medicine , Kumbakonam 



ECG No.  2 :  

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG findings : 

 Narrow complex tachycardia with Heart rate = 200 bpm  

 Electrical alternans is present throughout in both limb and chest leads  

 Pseudo r’ being present over V1 and  on careful inspection pseudo s is also seen to be 

present over the inferior leads II , III and aVF,  most marked over lead III.  

Diagnostic approach : 

Narrow complex tachycardia  at critical heart rate 200 bpm associated with pseudo r’ over V1 

and pseudo s over the inferior leads points towards AVNRT (slow-rapid) as the mechanism 

of Electrical alternans. 

ECG No.  3 

 

 

ECG findings : 

 Bigeminal premature ventricular contraction , alternating with normal sinus beat, 

manifesting as pseudoelectrical alternans. 

(somewhat wider based wave before PVC is rather T wave , not P and there is also 

inverted p’ over the tip of the inverted T of the accompanying PVC)  

Source : Dr. Suresh Agrawal , Senior Consultant in Medicine , Gaya  

Pseudo r’ 

Pseudo s 

Pseudo s 
Pseudo s 
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Concluding remarks 

Whenever Electrical alternans is encountered on any ECG , further evaluation is always 

warranted - a thorough history , clinical examination including needed investigations of the 

concerned patient with focusing on the cardiovascular and pulmonary examination. This 

should be kept in mind that the treatment would vary according to the underlying 

pathophysiological conditions.  

Electrical alternans might be associated with devastating condition like pericardial effusion 

and therefore , one should be ready to exclude this even by echocardiogram (TTE) as the first 

line imaging modality in such unstable patient. This procedure TTE provides very high 

sensitivity ( near 100%) in diagnosing Pericardial effusion.   

Further to say , whenever Electrical alternans is encountered not due to large pericardial 

effusion , then it would be wiser step to consider pseudoelectrical alternans as a differential 

diagnosis.  

A careful judgement should also be taken for ST segment and / or T wave alternans which 

may serve as a non-invasive marker of vulnerability to ventricular arrhythmias.  
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O High-uplifted Fire , thou being the blazing runner, pierces and peeps through the 

multifaceted flames of burning while passing through the path of thy onward journey. 

Chronic obstructive pulmonary disease – the causative demon fire, acting through the 

indomitable progressive and persistent airways obstruction also touches and kindles the Heart 

by its anguish flame of python adversity. The wide message of thou marching flame is 

engrafted on ECG.   

The ‘Lead I sign’ is a highly specific ECG marker of chronic obstructive pulmonary disease , 

its ordain to be read by the clinicians – rarely documented in any other condition.  

Introduction 

Chronic obstructive pulmonary disease (COPD) , as its name implies denotes a chronic 

obstructive airways disease , entrapping the air within the network of air spaces – so called 

alveoli , accompanied by the gradual destruction of dilated alveolar walls , without obvious 

fibrosis. The main impact is air entrapping within these pathologically dilated alveoli with 

reduced gas exchange across its walls resulting in hypoxia. The pulmones gradually assume 

the voluminous shape causing the heart to descend at a lower position due to the lowering of 

diaphragm – the exploring chest electrodes seem to be placed somewhat higher up by this 

anatomical alteration. This imparts a very important clue to understand lead I sign on ECG.  

What lead I sign denotes on ECG ? 

In 1965, Fowler et al proposed very strict criteria for the diagnosis of lead I sign on ECG , 

consisting of isoelectric P wave in lead I combined with a very small QRS complex of less 

than 1.5 mm as a total deflection and T wave of less than 0.5 mm.  

This sign was observed in this group of researchers to be present in 33% of severe pulmonary 

emphysema with Cor pulmonale patients.  

Further Schamroth modified the lead I sign being reflected on ECG as ‘absent or very low 

amplitude P , QRS  ,T wave complexes in lead I giving the appearance of a minimally 

disturbed baseline’ without any specification of the cut off values for the amplitude of these 

three wave forms.  

The ‘lead I sign’ is a highly specific ECG marker of chronic obstructive pulmonary disease – 

rarely being demonstrated in any other condition. The diagnosis of chronic obstructive 

pulmonary disease should be strongly suspected when one sees this lead I sign on ECG. This 

is to be mentioned here that with poor resource setting in emergency , this sign would be very 

helpful in the diagnosis of the patients with COPD.  
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Electrophysiological mechanism with lead I sign  
Broadly to say , lead I sign is due to vertically placed heart having all P, QRS, T axes being 

oriented almost perpendicular  (round about 900) to lead I , friendly with the rule of electrical 

axis.  

 

Rule of electrical axis : Any exploring lead placed within a range of 900 in respect to cardiac 

vector records positive current , at 900 equiphasic deflection or no deflection and beyond 900 

negative deflection.  
 

Thus , electrical flow is having either small / nil deflection or an equiphasic response with 

ECG waves in lead placed at 900 away with reference to the vector. 

The electrophysiological mechanism concerned with lead I sign is explained , as stated  

below : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

* In 2011 , Obasohan et al demonstrated very clearly in their study group that a shift of 

electrical axis of the heart occurring in COPD is mainly due to the development of right 

ventricular hypertrophy (Cor-pulmonale) , rather than the hyperinflation of lungs itself.  

Fowler et al also observed lead I sign to be present in 33% of severe pulmonary emphysema 

with Cor pulmonale , suggesting the same view as observed by Obsahan group of researchers.   

III aVF 

I 

II 

Lead I sign 

        In COPD 

 

 Hyperinflated lungs with flattening of the 

diaphragm displace the heart downward – 

the heart adopts a longitudional tubular 

position. Such a shift was also attributed to 

right ventricular hypertrophy rather than  the 

hyperinflation of lungs itself – as viewed by 

Obasohan et al *.  

 Due to this altered position of the heart as 

enumerated above , all the electrical forces  

P,QRS,T run very close to each other round 

about 900 on the frontal plane. Therefore , 

lead I being placed at 00 i.e. 900 away with 

respect to these electrical forces , records all  
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the waves on a minimally disturbed baseline with minimal deflections. Lead I sign is reflected on 

ECG with absent P wave with very low amplitude QRS wave complex and T wave.  

(P wave being the smallest in size amongst all the waves , is recorded on ECG as nil 

deflection represented by isoelectric line). Since the electrical forces axes of P , QRS, T run 

longitudinally very close to 900 , the inferior leads II, III and aVF are rather having the obvious 

visible display of all these waves on ECG.  

 

Fig. 1.1 



 

Associated other electrical events  
The following electrical events may also be found in association with lead I sign – all have 

been discussed in brief , stated as below. 

 Poor R wave progression over the chest leads from V1 to V6. This occurs due to a 

clockwise rotation shifting the right ventricle more anteriorly and leftwards , as 

illustrated below : 

 

 

 

 

 

 

 

 

 

 

 

 

 

This clockwise rotation is responsible for the following electrical events on ECG :  

 R/S ratio <1 to be observed even in leads V5-V6. 

(Here to mention that the most reliable sign of right ventricular hypertrophy in 

COPD is deeper S waves over left precordial leads in association with right axis 

deviation).  

 There may be SV1 , SV2 , SV3 pattern (complete absence of R wave in V1-V3  

due to the orientation of precordial lead upwards towards the basal region in 

respect to the downward displaced heart).   

 

 The voluminous lungs encroaching upon the heart is having an insulating effect – 

diminishing the transmission of electrical potential recorded through the exploring 

electrodes.  

QRS amplitude registered in all the limb leads <0.5 mV.  
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V1 V2 V3 
V4 

V5 

        Clockwise rotation 

 

 Having its fixed attachment to the great 

vessels the heart also undertakes clockwise 

rotation on the transverse plane , with the 

movement of the right ventricle anteriorly 

with the displacement of the left ventricle 

posteriorly, thereby both the ventricles lie 

more or less parallel to each other.  And so 

the right ventricle assumes the more anterior 

position.  

 

 

 Clockwise rotation shifts the right ventricle 

more anteriorly and leftward, manifested as 

R/S ratio <1 over the chest leads extending 

even upto V5-V6 due to the orientation of 

the precordial leads somewhat higher 

towards the basal cardiac zone.  

 

V1 V2 V3 V4 V5 V6 

Fig. 1.2 



 Reflex hypoxic pulmonary vasoconstriction leading to pulmonary hypertension with 

consequent overload with the right ventricle and the right atrium (right ventricular 

pressure is being transmitted to the right atrium).  

 Overload over the right ventricle reflected as right ventricular hypertrophy (RVH) 

 The most reliable sign of RVH in the presence of COPD is right axis 

deviation and dominant S waves over left precordial leads ; others are right 

atrial enlargement , and RSR’ or QR pattern in lead V1 or an inverted T wave 

in right precordial + inferior leads.  

(RSR’ pattern indicates the extension of right ventricular hypertrophy also 

embracing the right ventricular outflow tract) ; QR pattern is usually 

associated with a right ventricular pressure that is greater than the left 

ventricular pressure. 

 RBBB due to the delayed activation of more dilated /hypertrophied right 

ventricle.  

 The ECG looses its value in the diagnosis of RVH in the presence of 

coexisting LVH or myocardial ischemia.  

 Overload over the right atrium reflected as right atrial enlargement (RAE). 

 P >0.25 mV (P-pulmonale) in leads II , III , aVF. 

 P axis deviation towards the right side over the frontal plane.  

(Normal P axis = 00 to +750) 

Baljepally & Spodick confirmed in study of 100 patients with vertical P axis (>70 

degree) having high sensitivity (89%) and high specificity (96%) as a sign of pulmonary 

emphysema.  

 The SI, SII, SIII pattern in standard leads I, II and III causing shifting of the QRS axis 

to the region of northwest zone (-900 to -1500) reflects the conduction delay in the right 

ventricle with posterior displacement of the apex. This pattern is an expression of late or 

terminal forces of ventricular depolarization that are directed superiorly and to the right. 

This pattern also indirectly indicates the presence of associated RVH pushing the cardiac 

apex somewhat posteriorly.  

 Prominent atrial repolarization , manifested as the sagging of PR segment below the 

TP baseline occasionally observed  in inferior leads , at times , also expressing as ST 

segment sagging , as well (the atrial repolarization wave lowers the baseline).  

 Global hypoxeamia   

 Generalized ST segment depression / T waves inversion 

 Supraventricular arrhythmias are more commonly encountered compared to 

ventricular arrhythmias, usually due to genearlized myocardial ischemia 

complicating global hypoxeamia.  

Multifocal atrial tachycardia is almost pathognomonic of the presence of 

pulmonary insufficiency. Other arrhythmias are – ectopi , atrial fibrillation (most 

common arrhythmia in COPD) , atrial tachycardia , atrial flutter (less often). 

Most of the patients are having evidence of RVH with increased evidence of 

ventricular ectopi observed during sleep in the presence of oxygen desaturation.  
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Chou’s criteria suggesting the presence of COPD 
According to Chou , COPD is likely to be present if one or more of the P wave changes 

with one or more of the QRS changes as enumerated below , are present on ECG: 

1. P waves > 0.25 mV in lead II, III, aVF. 

2. P wave axis to the right of 80 degrees in the frontal plane. 

3. Lead I sign with an isoelectric P wave , QRS amplitude <0.15 mV, and T wave 

amplitude <0.05 mV. 

4. QRS amplitude in all limb leads <0.5 mV  

5. QRS axis to the right of 90 degrees in the frontal plane.  

6. QRS amplitude <0.5 mV in lead V5 or V6; or R wave <0.7 mV in lead V5 or R wave 

<0.5 mV in lead V6. 

7. R/S ratio < 1 in lead V5 or V6. 

8. S1S2S3 pattern with R/S ratio <1 in leads I, II and III.  

Illustration of lead I sign on ECG 
70 years old male admitted for cough , fever , breathlessness of 5 days duration ; history of 

recurrent LRTI; no h/o DM , CAD ; stopped smoking recently. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG findings : 

 Over the limb leads 

 Lead I sign : isoelectric P being merged with the baseline combined with QRS 

complex of <1.5 mm and T wave <0.5 mm. 

 Rightward P axis at +900  

 Over the precordial leads  

 Clockwise rotation : R/S <1 in chest leads including V5 and V6 as well.   

 R wave <0.5 mV in lead V6. 
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CME INDIA (16.03.2020) by Dr. SS Lakashmanan , Senior consultant Physician , Chennai  

 

Discussion : As per Chou’s criteria , two P wave changes (lead I sign + rightward shift of the 

P wave) and two QRS changes (R/S ratio <1 in lead V5 and V6 + R wave <0.5 mV in lead 

V6) are in favour of COPD. 



Concluding remark 

Again to mention , the ‘lead I sign’ is a highly specific ECG marker of chronic obstructive 

pulmonary disease – rarely being documented in any other condition. The diagnosis of 

chronic obstructive pulmonary disease should be strongly suspected when one sees this lead I 

sign on ECG. This sign is not present alone as such, but may be associated with other 

electrical events as well. Therefore , it would be a wiser step to review the whole system of 

limb and chest leads in the search of any other electrical event associated with lead I sign. 

The arrangement of the whole findings as per Chou’s criteria would further tell the ongoing 

electrophysiological status in COPD.  
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O Heart , thou , being the priest of pilgrim-journey of life , act by thy pervading strength to 

keep our breath alive. God keeps His blessed hands over thee to make thouself  always afresh 

– a run of ‘action with recovery’ runs together. The clinicians record the events on ECG by 

the message of ‘P, QRS, T’. The wave of abnormal activation from thy pumping flesh 

trembles thou as a whole - even after recovery thou remember the burst of this blackend trail , 

being revealed and recognized by the clinicians as ‘Cardiac Memory’ : a rare cause of T-

wave inversion on ECG.  

Introduction 

The cardiac activation starts from the SA Node and spreads through the conduction pathways 

to the ventricles to have its synchronised contraction in an orderly manner. At times , this 

pattern of activation might be altered as with the transient episodes of tachyarrhythmias , 

right ventricular pacing , intermittent Left bundle branch block , intermittent WPW syndrome 

, etc. Any altered pattern of ventricular activation, even occurring transiently , may cause 

electrical remodelling of the heart to be revealed on surface ECG as a significant change in 

the polarity of T-wave – known as ‘Cardiac memory’. The entire concept is illustrated by the 

following ECG strips in inferior leads. 

 

 

 

 

 

 

 

Rosenbaum et al , in 1982 were the first group of researchers to coin the term Cardiac 

memory for such changes. First time they formulated three basic principles revealing the 

secrecy of the phenomenon of cardiac memory.  

(1) The direction of T-wave in sinus rhythm follows the direction of QRS complex 

during the past episodes of abnormal activation.  

(2) The duration of T-wave memory induced T inversion is directly proportional to the 

duration time of the preceding abnormal ventricular activation.  

(3) Repeat episodes of abnormal activation after complete normalization of the T-waves 

result in more rapid and prominent T wave changes.  

The geometry of cardiac memory might open a new perspective concept to think over.  
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II III aVF 

Abnormal activation (episode of 

tachyarrhythmia as shown in 

inferior leads)  

 

II III aVF 

The next ECG with resumed sinus 

rhythm but with inverted T-waves 

following the direction of QRS 

complex of preceding episodes of 

Tachyarrhythmia (T-wave memory) 

 

A. 

B. 

Fig 1.1 



What Cardiac memory denotes ? 

Cardiac memory is a specialised concept of electrophysiological remodelling , denoted by the 

alteration in T-wave polarity , manifested as T-wave inversion on the subsequent ECG , being 

observed even after the cessation of abnormal ventricular activation. This entire phenomenon 

can be summed up  with the following ongoing tract- events :   

 

Abnormal ventricular activation  

 

Altered T wave polarity (T-wave inversion) on subsequent ECG , even after the cessation of 

the initial abnormal ventricular activation.  

 

As per concept , it can be said that cardiac memory is the consequence of adaptive property 

of the heart , being reflected by the adjustment of repolarization to a new activation sequence 

,as manifested by the change in T polarity. This would provide a new insight into the 

electrophysiological functioning of the heart in relation to cardiac memory. 

Again to say , even after the resumption to normal ventricular conduction , T wave 

remembers as mirror-image the direction of the QRS complex of the previous abnormal 

ventricular activation i.e. with resumed intrinsic sinus rhythm T-wave tracks the QRS vector 

of the preceding abnormal activation to maintain the pacing with each other.  

Abnormal ventricular activation – background setting to initiate the 

phenomenon of Cardiac memory  
(1) ‘Post-tachycardia change in T-wave polarity’   

e.g. following the transient episodes of tachyarrhythmias 

(2) Abnormal ventricular activation pattern associated with QRS widening  

e.g. Right ventricular pacing , intermittent left bundle branch block , intermittent WPW 

syndrome , sodium channel blocker toxicity , even after a single ventricular premature 

beat , etc. 

Rosenbaum first noticed that activation pattern of the ventricles was more concerned trigger 

factor than change in heart rate in inducing cardiac memory oriented T-wave changes. 

Electrophysiological basis  
 Homogeneous repolarization gradient under normal condition: 

The phenomenon of ventricular repolarization follows the path of homogeneity. The 

journey of ventricular repolarization starts from the region where the ventricular 

depolarization ends. This is to mention here that the last portion of ventricular 

depolarization is the posterobasal portion of the left ventricle , from where  the wave 

of repolarization starts Epicardial cells having shorter duration potential cause the 

wave of repolarization to be spread longitudinally in the same direction as that of 

QRS complex. This causes upright T-wave.  
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This entire concept is illustrated with T-loop in relation with QRS loop 

vectocardiogram , as illustrated below : 

 

 

 

 

 

 

 

 

 

 

 

 

In nutshell , the concordance of QRS and T wave under normal condition of 

activation is explained by the presence of a homogeneous transmural repolarization 

gradient across the ventricular wall with a shorter epicardial action potential – the 

epicardial cells are being repolarized earlier in this homogenous ventricular 

environment.  

 

 Heterogeneous repolarization gradient during cardiac memory :  

With regional abnormal ventricular activation the epicardial cells in its neighbourhood 

have somewhat prolongation of epicardial potential duration (APD). Due to this 

epicardial APD prolongation the spread of epicardial wave form the posterobasal 

region of the left ventricle is not having so smooth run in its longitudional flow and so 

there is a change in the direction of regional repolarization i.e from epicardial surface 

towards endocardium with reversal of the polarity of T wave , manifested as T-wave 

inversion over the involved area  

Therefore , regional repolarization potential difference between different regions of 

LV as created by abnormal ventricular activation is said to be responsible for T-wave 

inversion accordingly. Here , the action potential duration is heterogeneous in nature 

across the involved region of the left ventricle – the causation for T-wave inversion 

associated with cardiac memory.  

 

 

 

 

The start of                 

T wave loop 

QRS loop 

Z 

x 

Y 

T Loop 

( from 

Posterobasal 

epicardium) 
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Fig 1.2 



Two types of cardiac memory exist : Short-term memory and long-

term memory  
The T-wave changes lasting in minutes to hour are nomenclatued as short-term 

memory , commonly witnessed after brief episodes of tachyarrhythmias.  

T-waves lasting hours to days are described as long-term memory , e.g. patients with 

temporary cessation of permanent pacing or after ablation of accessory pathway for 

WPW syndrome.  

  Short-term memory Long-term memory 

Duration Minutes to hours Hours to days 

Region 

involved  

Early activated region , proximal 

to the site of altered activation – 

inferior septal wall of the left 

ventricle.  

 

Late-activated region , distally at the 

lateral wall of the left ventricle.  

Mechanism Attenuation of epicardial phase 1 

notch due to reduced Ito (by 

Angiotensin II mediated 

signalling) , reduced Ica /Ikr and 

reduced Connexin 43 expression. 

(Downregulation of CX43 also 

contributes to the prolongation 

epicardial action potential) 

o Enhanced mechanical strain → 

altered gene expression with 

reduced protein synthesis of ion 

channels and connexion 43. 

o Re-distribution of Connexin 43 

to the lateral wall of the 

L.ventricle. 

Both phenomena lead to reduced 

cell-to-cell conduction. 

 

The mechanism , as explained under short-term and long-term memory are responsible for 

heterogeneous myocardial strain due to slow cell-to-cell conduction. This induces 

heterogeneous action potential remodelling responsible for the cardiac memory. Further to 

say , the altered pattern of ion channels and connexin remodeling are dependent on the 

involved anatomical location over the myocardium.   

 

 

 

 

 

 

 

 

 

 

 

                                 APD with reduced Ito and reduced Ica/Ikr peak 

Increased Angiotensin II leads to the internalization of a subunit Kv4 of transient outward 

potassium channel Ito leading to attenuation of phase I notch over the action potential.  
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Fig 1.3 



 

A diagnostic approach to recognise T-wave memory 

Cardiac memory as a diagnosis should not be accepted as the basic cause of TWI until other 

causes for such changes are ruled out. The recognition of this phenomenon helps a lot to 

minimize unnecessary hospital admission , cardiac testing and cardiac catheterisation.  

It should be kept in mind that myocardial ischemia (coronary insufficiency) stands as a very 

important cause for TWI. Let us have a cursory glance at the important diagnostic points , as 

mentioned below : 

 One should always try to correlate the electrocardiographic events with the clinical history 

of the case. Age-consideration imparts an important clue to the diagnosis. 

 Shvilkin et al found 92% sensitivity and 100% specificity for diagnosing cardiac memory 

when the following criteria are met .  

1) A Positive T wave in aVL combined with a positive or isoelectric T wave in lead I. 

2) Precordial TWI with larger magnitude than any TWI in lead III 

 

 As both depolarization and repolarization events of the heart occur in a three dimensional 

space. CM always produces a mixture of positive and negative T wave changes . Although 

positive T wave changes are often missed, they are as significant as TWIs as diagnostic 

tool. Tall positive memory T waves over the right precordial leads can be easily confused 

with hyperkalemia and ischemia.  

 Based on the presence of the inferior TWI and tall peaked T waves in the right precordial 

leads in the absence of ischemia , one can suspect the presence of a wide QRS rhythm 

originating in the inferior septal aspect of the left ventricle.  

In nutshell , one should have analytic approach to the electrocardiographic events pointing 

towards the cardiac memory. In this context it is very important to keep the basic concept of 

Rosenbaum et al – the direction of T-wave in sinus rhythm follows the direction of QRS 

complex during the past episodes of abnormal activation , as explained on page 1.  

Prognositc significance  
Nowadays , the condition is not thought to be benign in nature. The harmful consequences of 

altered activation are related to the adverse electro-mechanical remodelling of the ventricle. 

The decremental electrical remodelling was first to be witnessed in patients who had 

increased susceptibility to ventricular arrhythmias following AV node ablation in a case of 

atrial fibrillation. The following considerations should be kept in mind for viewing the 

prognostic significance : 

 Multiple case reports of TdP in patients who experienced cardiac memory. Changes 

from a pattern of abnormal ventricular activation to sinus rhythm can prolong the QT 

interval.  

 A marked regional action potential gradient across the ventricular wall so created 

during the phenomenon of cardiac memory also acts as a nidus for ventricular 

arrhythmias.  
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Illustrating the phenomenon of cardiac memory by ECGs 

Young boy with h/o Recurrent Palpitations 

A. ECG during Palpitation  

 

 

 

 

 

Source : Prof. Dr. A.N. Rai , Former Prof. & Head Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman 

AIMS, Gaya   

 

Findings on ECG  

 Tachyarrhythmia with heart rate 200 bpm  

 Careful inspection of lead II shows the presence of atrial flutter waves with 2:1 AV 

conduction.  

 Associated RBBB and left anterior fascicular block  

Discussion  

Atrial flutter with 2:1 AV conduction associated with ventricular aberrancy.  

B. Post DC Shock ECG 

 

 

 

 

 

 

 

 

 Source : Prof. Dr. A.N. Rai , Former Prof. & Head Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman    

AIMS, Gaya   

 

Findings on ECG  

 Resumption of normal sinus rhythm  

 T inversion in inferior leads II, III, aVF and precordial leads V3 through V6.               

T inversions more prominent over precordial leads compared to T inversion in lead III  

 T is upright in I and aVL  

Discussion on the next page. 
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Fig 1.4 

Fig 1.5 



Discussion 

The initial diagnosis was Apical HCM but Echo was normal. Keeping this in mind the final 

diagnosis of cardiac memory as a cause of T-wave inversion  (TWI) was thought of.             

Post Tachycardia T-wave inversion may occur in some patients with normal underlying heart 

, it is called cardiac memory. In support of this diagnosis the following points are kept in 

consideration.  

 The direction of inverted T-waves as mentioned in this Post DC shock ECG with 

sinus rhythm follows the direction of QRS complex recorded during the preceding 

episodes of tachyarrhytmia. This favours cardiac memory as a cause of these T-wave 

inversion.  

 Shvilkin et al criteria also supported the diagnosis of cardiac memory. They found 

92% sensitivity and 100% specificity for diagnosing cardiac memory when the 

following criteria are met , as in this case.  

 A Positive T wave in aVL combined with a positive or T wave in lead I. 

 Precordial TWI with larger magnitude than any TWI in lead III 

‘An electrocardiographic syndrome consisting of transient inversion of T-waves after 

paroxysms of tachycardia in normal hearts has been recognized for sometime. The 

resemblance of these changes to those of serious organic heart disease makes obvious the 

importance of their recognition and understanding’ (mentioned under Abstract) 

https://jamanetwork.com/journals/jama/article-abstract/313520 

Darwin Jeyarai et al also narrated this phenomenon in their article entitled ‘Pathophysiology 

and clinical implication of cardiac memory’. 

‘There are several case reports since the 1940’s of marked T-wave polarity in patients who 

present after transient episodes of tachyarrhytmias’. Since this changes commonly occurred 

following episodes of tachyarrhytmias they were termed “Post-tachycardia T-wave changes” 

(page 2)  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865579/ 

C. ECG after one week 

 

  

 

 

 

 

 

 

      Source : Prof. Dr. A.N. Rai , Former Prof. & Head Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman      

      AIMS, Gaya   
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Fig 1.6 

The ECG became normal 

https://jamanetwork.com/journals/jama/article-abstract/313520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865579/


Concluding remark 

Cardiac memory (CM) is an unique adaptive property of the heart expessing the story of the 

adjustment of repolarization to a new activation sequence , which is manifested by T wave 

inversion. CM can be detected during both narrow and wide QRS rhythm and its knowledge 

improves ECG diagnosis. Further research in CM can provide insight into the  mechano-

electrical functioning of the heart and potentially be used in risk assessment of the cases with 

cardiac memory.   

Cardiac memory is still a diagnosis of exclusion and an interesting electrocardiographic 

curiosity would further continue to bring more challenge in understanding the mechanism 

regarding its pathophysiology.  

References  
1. Goldberger’s Clinical Electrocardiography (First south Asia Edition)  

Cardiac “Memory” ‘T-wave inversion’ P 233 

 2.  Memory –T waves , a Rare Cause of T-wave inversion in the EmergencyDepartment  

      R.Gunaseelan, M.Sasikumar ,[…], and M.Vivekanadan 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8047955/#:~:text=Memory%20T%2Dwa

ves%20are%20TWIs,)%2C%20and%20intermittent%20WPW%20syndrome 

3. Cardiac Memory-induced T-wave Inversions 

      Sara C. Polito, MD, Jonathan A. Giordano, DO, and Benjamin L. Cooper, MD 

      https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7219993/ 

4. Circulation : Arrhythmia and Electrophysiology  

Diagnostic Tool in the Making 

     Alexei Shvilkin  Henry D. Huang , and  Mark E. Josephson 

      Originally published1 Apr 2015 https://doi.org/10.1161/CIRCEP.115.002778 
      https://www.ahajournals.org/doi/10.1161/CIRCEP.115.002778 

5. Cardiac memory: an under-recognised cause of deep T wave inversion in a patient 

presenting with chest pain 

     Daniel Peck,  Ahmed Al-Kaisey 

      https://casereports.bmj.com/content/2018/bcr-2018-225476 

6. Don't forget the memory: Contribution of the T wave vector in localizing the site of origin 

of a monomorphic idiopathic ventricular tachycardia 

    Antonio Sorgente MD  Mark E.Josephson MD   

     Journal of Cardiology Cases 

     Volume 5, Issue 1, February 2012, Pages e28-e31 

      https://www.sciencedirect.com/science/article/pii/S1878540911000703 

7. Clinical Dilemma - Cardiac Memory vs Myocardial Ischemia 

     Rastko Rakočević, Renjit Thomas, Ralph G. Oriscello 

 https://www.cureus.com/articles/28279-clinical-dilemma---cardiac-memory-vs-

myocardial-ischemia 

8. The Heart Remembers: Anterior T Wave Inversions in a Patient with Intermittent Left 

Bundle Branch Block 

https://clinmedjournals.org/articles/ijcc/international-journal-of-clinical-cardiology-ijcc-4-

105.php?jid=ijcc 

 

| 56 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8047955/#:~:text=Memory%20T%2Dwaves%20are%20TWIs,)%2C%20and%20intermittent%20WPW%20syndrome
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8047955/#:~:text=Memory%20T%2Dwaves%20are%20TWIs,)%2C%20and%20intermittent%20WPW%20syndrome
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polito%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=32426667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordano%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=32426667
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=32426667
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7219993/
https://www.ahajournals.org/doi/10.1161/CIRCEP.115.002778
https://www.ahajournals.org/doi/10.1161/CIRCEP.115.002778
https://www.ahajournals.org/doi/10.1161/CIRCEP.115.002778
https://doi.org/10.1161/CIRCEP.115.002778
https://www.ahajournals.org/doi/10.1161/CIRCEP.115.002778
https://casereports.bmj.com/content/2018/bcr-2018-225476
https://www.sciencedirect.com/science/article/pii/S1878540911000703#!
https://www.sciencedirect.com/science/article/pii/S1878540911000703#!
https://www.sciencedirect.com/science/journal/18785409
https://www.sciencedirect.com/science/journal/18785409/5/1
https://www.sciencedirect.com/science/article/pii/S1878540911000703
https://www.cureus.com/users/116923-rastko-rako-evi-
https://www.cureus.com/users/149571-renjit-thomas
https://www.cureus.com/users/149569-ralph-g-oriscello
https://www.cureus.com/articles/28279-clinical-dilemma---cardiac-memory-vs-myocardial-ischemia
https://www.cureus.com/articles/28279-clinical-dilemma---cardiac-memory-vs-myocardial-ischemia
https://clinmedjournals.org/articles/ijcc/international-journal-of-clinical-cardiology-ijcc-4-105.php?jid=ijcc
https://clinmedjournals.org/articles/ijcc/international-journal-of-clinical-cardiology-ijcc-4-105.php?jid=ijcc


 

9. Cardiac Memory: A Rare Cause of Postoperative Deep T Wave Inversions 

Ankit B. Shaha, b, c, Matthew Katza, b, Stavros E. Mountantonakisa, b 

https://www.journalmc.org/index.php/JMC/article/view/2333/1692 

10. Transient Inversion of T waves after Paroxysmal Tachycardia  

     Jama  January 19 , 1952 

     Ralph M. Myerson, M.D.; A.Henry Clagett Jr, M.D. 

     https://jamanetwork.com/journals/jama/article-abstract/313520 

11. Pathophysiology and clinical implications of cardiac memory 

Darwin Jeyaraj, M.D., Mahi Ashwath, M.D., and David S. Rosenbaum, M.D. 

     https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865579/ 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

| 57 

https://www.journalmc.org/index.php/JMC/article/view/2333/1692
https://jamanetwork.com/journals/jama/article-abstract/313520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeyaraj%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20025710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashwath%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20025710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenbaum%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=20025710
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2865579/

	ECG Limb Lead Reversal : Geometry based concept
	2. The S1, S2, S3 Syndrome in Chronic Pulmonary Disease

	1. CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (sixth Edition ) P 195-196
	4. Goldberger’s Clinical Electrocardiography – A simplified approach (First South Asia Edition) P 118-120
	6. ECG changes in Pulmonary Embolism
	1. LeoSchamroth  An Introduction to Electrocardiography (Eighth Adapted Edition), Electrical alternans P 170 , 122-123.
	7. Electrical alternans vs. pseudoelectrical alternans
	9. Electrical Alternans and Vulnerability to Ventricular Arrhythmias
	10. Ionic mechanism of electrical alternans
	11. Transmural Electrophysiological Heterogeneities Underlying Arrhythmogenesis in Heart Failure
	12. Explaining the clinical manifestations of T wave alternans in patients at risk for sudden cardiac death
	%
	4. ECG in Chronic Obstructive Pulmonary Disease
	% (1)
	3. Cardiac Memory-induced T-wave Inversions
	6. Don't forget the memory: Contribution of the T wave vector in localizing the site of origin of a monomorphic idiopathic ventricular tachycardia
	Journal of Cardiology Cases

	7. Clinical Dilemma - Cardiac Memory vs Myocardial Ischemia
	8. The Heart Remembers: Anterior T Wave Inversions in a Patient with Intermittent Left Bundle Branch Block
	11. Pathophysiology and clinical implications of cardiac memory

