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Knowledge and skill in the field of electrocardiography are constantly changing 

with the new researches and understanding.  

 

With humble words I wish to say that some momentous articles of my write-up are 

being covered within this book.. It is only a step towards the vast ocean of 
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 BRADYARRHYTHMIAS IN HYPERKALEMIA : 

A ‘HOT CALL’ EMERGENCY FOR PHYSICIANS 

ECG 

OUTLINE 

Introduction  

Two interesting ECGs Illustration 

ECG 1 : BRASH Syndrome  

B = Bradycardia (44 bpm) , R = Renal failure (Serum creatnine 2mg/dL) ,  A = AV 

nodal blockers (metoprolol)  , S = Shock  , H = Hyperkalemia (6.8 mmol/L)  

ECG 2 : Severe bradycardia with absent P wave but without tall T wave 

 

 Concluding remark 

 

Basic physiology of cardiac action potential (in brief) 

In hyperkalemia there is overplus K+ ions outside the cell membrane which 

usually disrupt this homeostatic mechanism of ion fluxes (Na+ and K+).  

 

Underlying mechanism in hyperkalemia –                                               

associated bradyarrhythmias events 

 

References 

ECG changes in Hyperkalemia 
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Some of our biological systems are having negative feedback loops , if something goes 

wrong , there exists a mechanism to bring it down.   

If there is failure , the effect may be hazardous to the existence even including death. 

Hyperkalemia does not have a protective  negative feedback loop. 

 Hyperkalemia leads to a confluence of events detectable on ECG – recording a 

positive feedback loop events , mostly as bradyarrhythmias.  

 Bradyarrhythmia may create a positive loop mechanism with worsening of renal 

dysfunction by lowering down its perfusion , in turn further exacerbating the 

quantum of hyperkalemia.  

Hyperkalemia is a time dependent ‘Hot call’ emergency that requires immediate attention.  

 

 

1. Introduction 

Missing the diagnosis of hyperkalemia means issuing death certificate to the patient.  

Bradyarrhythmias may be pre-terminal signals of hyperkalemia , which are usually detectable 

on ECG. It is a time dependent emergency which may have profounding negative influence 

on renal system , in turn further exacerbating hyperkalemia – an onward journey towards 

sudden cardiac asystole and death.  

The ECG cannot rule out hyperkalemia , but significant hyperkalemia often produces 

multiple changes on it. Hyperkalemia has been witnessed as the great ECG mimicker. 

As a nutshell review particularly the following changes on ECG must be taken into 

consideration  : 

 

The presence of bradyarrhythmias usually with loss of P waves + QRS prolongation.  

A typical peaked and pointed T wave with narrow base – an assist-pointer to the 

hyperkalemic changes is the first change on ECG but surprisingly this tall T waves are 

present in only 22 percent of patients with hyperkalemia (Braun et al.) – there is a 

possibility of the absence of this valuable pointer of hyperkalemia on ECG.   

There is a need to have a basic concept of ECG changes associated with bradyarrhythmias in 

context with hyperkalemia so that the life of the concerned patients might be saved. Both 

repolarizing and depolarizing changes in hyperkalemia are encontered on ECG.  
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2. Basic Physiology of Cardiac Action Potential (in brief) 

The Cardiac Action Potential is a series of brief changes in voltage across the cardiac cell 

membrane, brought about by fluxes of ions through ion channels.  

There are two groups of cells contributing to the genesis of action potential : 

 Pacemaker cells –   SA node (and AV node with a slower rate). 

 Non-Pacemaker cells – contractile unit (atrial and ventricular myocytes)  

Accordingly , there are two sets of action potentials for the purpose : 

(1) Pacemaker Potential (Slow Action Potential) : The start is with the automatic 

depolarization of the pacemaker cells due to the slow increase of inner Na+ ions 

bringing the membrane potential to a threshold level (-40 mvolt) - so as to cause the 

slow upstroke (Slow Action Potential).  

 

(2) Non-Pacemaker Potential (Fast Action Potential) : This potential is seen in 

contractile cells (atria and ventricles) that are backed up by rapid depolarization due 

to the opening of fast Na+channels. 

 

 

 

  

 

 

 

 

Basic concept : Both types of action potential initiate its journey by opening of Na+ 

channels. An outward conduction of K+ ions closes the system. All these events are well 

organized sailing the boat of cardiac life smoothly , without which the life could not be 

possible.  

In hyperkalemia there is overplus K+ ions outside the cell membrane which usually disrupt 

this homostatic mechanism of ion fluxes , as shown below : 

 The shortening of the phase 2 (plateau phase) with increase in the velocity of 

repolarization 

 Down regulation of Na+ channels 
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Fig.1.1 
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3. Underlying mechanism in hyperkalemia –                                         

associated bradyarrhythmias events 

 ECG changes  in hyperkalemia 

 with increment in extracellular K+ the AP 

duration shortens because of decrease phase 2 

and increase in the velocity of repolarization 

 peaking of T wave on ECG (This peaking 

of T wave is the earliest ECG finding) 

 Hyperkalemia disrupts the Na+ channels 

availability to be activated during 

depolarization (Na+ channels are opened with 

simultaneous closing of K+ channels , hence 

in the presence of hyperkalemia Na+ channels 

are relatively inactivated) which results with 

the following changes : 

(i) Downregulated intraatrial and 

intraventricular conduction. 

Intraatrial : 

P wave broadening /flattening  

PR prolongation  

Eventually complete disappearance of 

P wave 

Intraventricular 

Widening of QRS complex → bizarre 

shaped QRS complex often with a left 

or right bundle branch block pattern 

with extreme width. 

(The effect on atrial fiber is somewhat 

earlier than the ventricular fiber).  

A regular rhythm in the absence of P wave 

might be due to the persistence of the 

conduction from the sinus node to the 

ventricle through sinoventricular 

conduction – there is hyperkalemic 

resistence to the atrial internodal tracts 

connecting the SA node to the AV node. 

NB : Though second and third degree AV block have been observed in hyperkalemia but are 

uncommon because the P wave usually disappears before such advanced AV block occurs. 

Under such circumstances the clue to the correct diagnosis is broad QRS complex with 

absence of P waves.  

If the ECG is suggestive of hyperkalemia , then it would be more sensible to give calcium 

chloride speculatively while waiting for the biochemical results.  

Non-Pacemaker action 
potential in hyperkalemia 
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K+Na+ 
Hyperkalemia downregulates 

the Na+ channels 

Fig.1.2 



 
 

4. ECG changes in Hyperkalemia 
(Normal Serum Potassium level in an adult ranges from 3.5-5.0 mEq/L) 

 

Potassium 

level (mEq/L) 

Mechanism ECG changes  

5.0-6.5 Enhanced K+ channel 

conductance-velocity  

 

Peaked and tall T waves 

6.5-7.0 Ongoing atrial 

paralysis  

P wave broadening /flattening  

PR prolongation  

Eventually complete disappearance of P wave 

7.0-9.0 Slowing conduction 

pathways  

Conduction pathway abnormalities associated with 

Bradyarrhytmias (+ other evidences of hyperkalemia 

and serum potassium level should be estimated for 

the purpose) 

 Suppression of SA Node – Sinus Bradycardia 

 Different degree of AV block of high grade   

    nature with slow junctional /ventricular   

    escape rhythm.  

   Bundle branch block , hemiblocks  

>9.0 Fewer Na+ channels in 

operation due to its 

marked inactivation + 

very early onset of 

repolarization  

Sine-wave (fusion of T-wave with the preceding 

wide/bizarre QRS complex) 

Pulseless electrical activity with wide Bizarre shaped 

QRS complex.  

 

.. A study found that patients who encountered hyperkalemia-induced severe bradycardia 

may likely have an underlying SSS.  It is possible that the development of his hyperkalemia 

and SSS along with its disappearance with subsidence of hyperkalemia is coincidental and 

the SSS if we were able to follow up the patient, may have appeared again in him later 

without any development of hyperkalemia as a part of the commonest cause for SSS, which is 

a degenerative disease of the cardiac conduction system.  Usually SSS often needs permanent 

pacing but our patient had it transiently and was treated for his hyperkalemia. ... 

Ref : 

Bradycardia Induced by Hyperkalemia in Older Patients Is Careful about Sick Sinus 

Syndrome 

January 2011   ,   Journal of Arrhythmia  27(Supplement):PJ2_030 

https://www.researchgate.net/publication/269563714_Bradycardia_Induced_by_Hyperkalemi

a_in_Older_Patients_Is_Careful_about_Sick_Sinus_Syndrome 

 

Pertinent ECG changes 

 New Bradyarrhytmias usually with loss of P waves + QRS prolongation in the presence 

of typical peaked and pointed T wave  

 By slowing conduction hyperkalemia can produce AV blockade , fascicular or bundle 

branch block.  
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 Though second and third degree AV block have been observed in hyperkalemia but are 

uncommon because the P wave usually disappears before such advanced AV block 

occurs. Under such circumstances the clue to the correct diagnosis is broad QRS 

complex with absence of P waves. 

5. Two interesting ECGs Illustration 

ECG 1 :  
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Source : Dr. Mritunjay Kr. Singh , Senior Nephrologist  & Consultant Physician , AIMS , Gaya (Bihar) 
 

Middle-aged lady presented with sudden onset of giddiness. She is having a past history of 

coronary artery disease (CAD) on metoprolol 50 mg since a long.  
 

ECG findings   

 Heart rate 44 bpm  

 Tall and peaked T wave , mostly marked over lead I , V2-6  

 Evidence of old inferior MI  
 

Investigation 

Serum potassium 6.8 mmol/L. Serum createnine 2 mg/dL 

Comments :  BRASH Syndrome  

B = Bradycardia (44 bpm) , R = Renal failure (Serum creatnine 2mg/dL) , A = AV nodal 

blockers (metoprolol)  , S = Shock  , H = Hyperkalemia (6.8 mmol/L)  

 

Bradycardia may cause or worsen renal dysfunction, in turn exacerbating hyperkalemia. This 

vicious cycle of hyperkalemia, bradycardia, renal dysfunction, and worsening hyperkalemia 

can evolve into multiorgan dysfunction. 
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BRASH Syndrome 

B = Bradycardia , R= Renal failure , A = AV nodal blockers S= Shock ,                                 

H= Hyperkalemia  

 

 

 

 

 

 

ECG 2 : Middle aged female presenting with vomiting and Breathlessness  

 

 

 

 

 

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

Chairman AIMS, Gaya   

ECG findings   

 The ECG shows severe Bradycardia with absent P wave without Tall T wave. Initial 

Diagnosis was Nodal Bradycardia due to SSS. But Severe Breathlessness due to metabolic 

Acidosis with ph 7.1 (on ABG – Arterial Blood Gas) and Severe Hyperkalemia (Serum 

potassium = 7 mmol/L) pointed to the Diagnosis of Renal failure (Serum creatnine  2.5 mg/dl) 

with severe Acidosis and Hyperkalemia. 

Her ECG after correction of Hyperkalemia is given below. 

  

 

 

 

 

(Serum potassium = 4.17 mmol/L) 

Discussion : The tall T waves are present in only 22% of patients with hyperkalemia.  
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Fig.1.3 



 
 

6. Concluding remark  
 

 One should suspect hyperkalemia in any patient with a new bradyarrhythmia , 

specially in a patient with renal failure , on haemodialysis , or taking any combination 

of ACE inhibitors , potassium-sparing diuretics and potassium supplements.  

 Every aspect of the ECG should be scrutinized , specially heart rate (bradycardia , 

junctional rhythm) , electrical conduction (PR prolongation) or loss of P waves , QRS 

prolongation , other conduction abnormalities ) and ST/tall and peaked T wave , etc. 
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ELECTROCARDIOGRAPHIC CHANGES IN 

CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

ECG 

OUTLINE 

Introduction  

Very useful Chou’s criteria suggesting the presence of COPD 

Illustration by ECGs 

 

Mechanism of ECG changes  

 Insulating effect with low voltage QRS 

 Hypoxic drive with pulmonary vasoconstriction and pulmonary 

hypertension. Destruction of pulmonary tissue with loss of 

pulmonary capillaries also contributes to pulmonary hypertension. 

 Clockwise rotation in the transverse plane , with pushing of the right 

ventricle anteriorly and the left ventricle somewhat posteriorly  

Associated electrical events in COPD 

 Low voltage QRS complex 

 Pulmonary hypertension  

 Overload over the right ventricle reflected as right ventricular 

hypertrophy (RVH) 

 Overload over the right atrium reflected as right atrial 

enlargement (RAE) 

 The clockwise rotation  

R/S ratio<1 in leads V5/V6 ; SV1, SV2, SV3 pattern ; Poor R wave 

progression 

 Associated arrhythmias 

 Miscellaneous ECG findings 

 Lead I sign (Schamroth’s sign) 

 SI, SII, SIII pattern  

 Prominent atrial repolarization  

 

 

 

 

Concluding remark 

References 
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Lungs and heart are interconnected with each other. They avail happy moments of life by 

remaining together throughout. Two grow together , live together and share together. One 

suffers , the other suffers – so is the twin friendship.  

In COPD the heart shares the agony – unbreakable twin bond , one reflects the other. 

 The resultant hypoxic drive in COPD with accompanying destruction of the lung 

tissue with loss of pulmonary capillaries results in pulmonary hypertension ,  

superadding strain over the right side of the heart.  

 Having its fixed attachment to the great vessels the hyperinflated lungs together 

with RV mass cause clockwise rotation in the transverse plane, with the movement 

of the right ventricle anteriorly and displacement of the left ventricle posteriorly.  

The clinicians peep through the ECG and access COPD sufferers in the light of clinical 

findings and ECG both.  

 

4. Introduction 

Chronic obstructive pulmonary disease is a progressive disorder characterized by airflow 

limitation / obstruction – either not reversible at all or only partially reversible. Chronic 

bronchitis and emphysema are classified together as COPD. The presence of airflow 

limitation by premature airway closing in chronic bronchitis and the enlarged air spaces in 

emphysema with pulmonary tissue destruction are the main culprit. There is pulmonary 

hypertension either by hypoxic drive or by the loss of pulmonary capillaries as a part of 

destructive process.   

The prevalence of COPD is very common all over the globe , usually caused by increasing 

tobacco consumption and air pollution. This would be very helpful to study 

electrocardiographic changes in COPD , which add to its diagnostic assessment with 

prognostic implications as well. In patients with COPD , the resultant pulmonary 

hypertension increases RV afterload with more RV mass , which predisposes to clockwise 

rotation in the horizontal plane , with the reduction in the QRS amplitudes as well. 

5. Mechanism of ECG changes  
 Insulating effect : low voltage QRS due to the overlying hyperinflated lungs in 

between the heart and the exploring electrodes.  

 Hypoxic drive : This causes pulmonary vasoconstriction with pulmonary 

hypertension resulting in right atrial and right ventricle hypertrophy (Cor-pulmonale). 

Destruction of pulmonary tissue with loss of pulmonary capillaries further increases 

the resistance of the pulmonary vascular bed by reducing the effective surface area .  
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chronic obstructive pulmonary disease  
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 Having its fixed attachment to the great vessels the resultant increased right 

ventricular mass in association with hyperinflated lungs causes clockwise rotation in 

the transverse plane , with pushing of the right ventricle anteriorly and the left 

ventricle somewhat posteriorly.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

        In COPD 

 

 Hyperinflated lungs lie in between the heart 

and the exploring electrodes.  

  These hyperinflated lungs with flattening 

of the diaphragm also displace the heart 

downward – the heart adopts a 

longitudional tubular position. Right 

ventricular hypertrophy attributes much to 

such a shift rather than  the hyperinflated 

lungs alone – as viewed by Obasohan et al. 

 

 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.  
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V6 

V1 V2 V3 
V4 

V5 

        Clockwise rotation 

 

 Having its fixed attachment to the great 

vessels the heart also undertakes clockwise 

rotation in 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.  

 

 

 This Clockwise rotation is manifested as 

R/S ratio <1 over the chest leads extending 

even upto V5/V6, the orientation of the 

precordial leads somewhat higher towards 

the basal cardiac zone also contributes to 

this effect. 

 

V1 V2 V3 V4 V5 V6 

Fig. 1.2 

Fig. 1.1 



 
 

6. Associated electrical events in COPD 

ECG findings in COPD may be summarized , as illustrated within the following table : 

 

 

 

 

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

diminishing the transmission of electrical potential recorded through the exploring 

electrodes resulting in low voltage QRS.  

QRS amplitude may be registered in all the limb leads <0.5 mV (5mm) / <1.0 mV (10 

mm) in the precordial leads.   

 

 Pulmonary hypertension → overload over 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 (indirect evidence) , and RSR’ or qR pattern in lead V1 

with + inverted T waves in right precordial / inferior leads.  

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

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 the most common ECG abnormality) in leads II , 

III , aVF /  P as a +ve initial wave in V1>0.15 mV. 

 P axis deviation towards the right side over the frontal plane (+600 to +900).  

(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.  

NB : The frontal T wave axis may follow the rightward deviated QRS axis resulting in tall T             

wave in lead III than in lead I. Otherwise , T waves are of low amplitude. The T wave 

inversion may be seen in right precordial leads due to associated right ventricular 

hypertrophy.  
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 The voluminous lungs encroaching upon the heart 

 Pulmonary hypertension with its consequences 

 The Clockwise rotation  

 Associated arrhythmias 

 Miscellaneous ECG findings 

 



 
 

 

(Generalized ST segment depression / T wave inversions might occur due to associated 

global hypoxemia).   

 The Clockwise rotation is responsible for the following electrical events on ECG : 

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

(Here to mention again 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 leads upwards towards the basal region due to 

the downward displaced heart).   

 Poor R wave progression over the chest leads from V1-V6, also due to the 

orientation of the precordial leads upwards. 

 

 Associated arrhythmias 

Supraventricular arrhythmias are more commonly encountered compared to ventricular 

arrhythmias. The ventricular arrhythmias usually occur in the form of  multifocal VPCs.  

Multifocal atrial tachycardia is almost pathognomonic of the presence of pulmonary 

insufficiency. Other arrhythmias are –  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.  

Sinus tachycardia may be observed during acute exaggeration. Resting heart  rate is 

increased with severity of COPD , associated with both cardiovascular and all-cause 

mortality. 

 

 Miscellaneous ECG findings 

 Lead I sign (Schamroth’s sign)  

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 
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resource-setting in emergency , this sign would be very helpful in the diagnosis of 

the patients with COPD.  

Broadly to say , lead I sign is due to more or less 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 a lead placed at 900 away with reference to the 

vector. 
 

 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  

 

 

 

 

 

 

 

 

7. Very useful 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.  

| 15 

PR ST 

P wave changes 

QRS changes 

Fig. 1.3 

This may result in depression of the atrial repolarization 

wave (Ta) in inferior leads , mainly lead II , which may be 

observed on ECG as the sagging of PR segment also with 

ST segment dragging downward (the atrial repolarization 

wave also lowers the baseline). 



 
 

5. Illustration by ECGs 

ECG 1 :  
 

44 years male – a case of COPD 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

ECG findings   

 Heart rate 100 bpm  

 Limb leads  

o QRS axis +1100 (right axis deviation)  

o P axis +750 with P-pulmonale in lead II , III and aVF.  

o Sagging of PR segment with ST segment dragging downward (compared with 

isoelectric Tp segment) 

o Minimum deflection P-QRS-T in lead I , compared to other limb leads (possibly 

lead I sign) 

 Chest leads  

o Poor R wave progression (<3mm in V3)  

o Clockwise rotation with R/S ratio < 1 in lead V5 

Discussion  

 The combination of right axis deviation with dominant S wave over precordial leads 

(V1-V5)  with R/S ratio <1 in lead V5 is very much suggestive of right ventricular 

hypertrophy (RVH)  

 P axis = + 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.  

Continued over the next page … 
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Source : CME INDIA (28.05.2022) by Dr. Pradeep Sahay , Senior consultant Physician , Giridih 

 

PR ST 



 
 

 Sagging of PR segment with somewhat ST segment dragging downward reflects artial 

repolarization to be prominent.  

 Minimum deflection of P-QRS-T in lead I , compared to other limb leads is most 

possibly due to lead I sign (Schamroth’s sign) 

(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 findings mentioned above are also consistent with Chou’s criteria of COPD (please see 

Page No 5)  

 

ECG 2  

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 

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

complex of <1.5 mm and T wave <0.5 mm (also consistent with Schamroth 

modified lead I sign) 

o Rightward P axis at +900  

 Over the precordial leads  

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

o R wave <0.5 mV in lead V6. 

 

 

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

II 

Source : 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. 
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6. Concluding remark 

COPD is associated with some specific findings on ECG , which may add to its diagnostic 

assessment with prognostic implication as well. The three factors mainly insulating effect, 

pulmonary hypertension and clockwise rotation associated with a case of COPD are  the main 

culprit. 

Chou’s criteria for COPD ( as mentioned on page 5) is very useful ECG criteria suggesting 

the presence of COPD. It would be a wiser step to visualise the pattern of limbs and chest 

leads as a whole in the search of the criteria in a favour of COPD.  

Lastly to mention that resting heart rate may be increased with severity of COPD , associated 

with both cardiovascular and all-cause mortality.  
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II 

Lead I sign 

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. 1.4 
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ECG CHANGES IN ACUTE PERICARDITIS 
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OUTLINE 

Introduction  

Acute pericarditis is the  most common form of pericardial disease all over the 

globe and is usually encountered in young and middle aged population 

Evolutionary electrocardiographic changes in acute pericarditis 

Stage I , Stage II , Stage III and Stage IV 

A diagnostic dilema : differential diagnosis on ECG  

with reference to early repolarization syndrome and ST elevation MI 

 
Concluding remark 

Illustration by ECGs 

Pathological basic of ECG changes in acute pericarditis 

It is acute pericarditis usually with the involvement of a thin layer of myocardial 

tissue which is the  pathological basis of ECG changes 

1. Atrial repolarization current of injury  

2. Ventricular repolarization current of injury 

Other associated pathological changes  

Epicardial coronary arteritis  , associated  haemorrhagic effusion with higher 

potassium concentration in pericardial fluid , associated myocarditis 

ECG changes in acute pericarditis  

PR-ST segment discordance sign (cardinal feature) 

Knucle sign 

Spodick’s sign  

T-wave changes  

No change in QT interval (the injury is non-transmural) 

No Arrhythmias unless and until pre-existing cardiac disease  
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A couple comradeship is seen while taking upward steps on a stair – keeping one step 

downward and the other step upward.  

Acute pericarditis is also having the same pattern of downward and upward pacing ,  altering 

the isoelectric lines on ECG - a reaction to acute inflammation. 
 

 Acute pericarditis usually involves the entire pericardium surrounding the heart – 

the main burnt is over the visceral pericardium with its underneath thin layer of 

myocardium. 

 The resultant global subepicardial current of injury causes the PR and ST segments 

typically pointing in opposite direction (PR-ST segment discordance sign) – 

combined PR depression and ST elevation in all the leads except in aVR ( +V1 ) 

with the reverse pattern of PR segment elevation and ST segment depression.  

Such staircase discordant pattern with PR-ST segments on ECG is the cardinal sign in 

catching the diagnostic ball of acute pericarditis.  

 
 

8. Introduction – Keynotes  
 

o Acute pericarditis is the  most common form of pericardial disease all over the globe 

and is usually encountered in young and middle aged population.  

o Although acute pericarditis involves both the layers of pericardium (parietal and 

visceral) , the main burnt is over the innermost layer of visceral pericardium which is 

also anchored to the underneath myocardium , thus, involving visceral-cum-

myocardial tissue together by acute inflammation. This is responsible for global 

subepicardial current of injury (the fibrous pericardium by itself is electrically inert).   

o There are so many potential causes of acute pericarditis – with both infectious and non-

infectious etiology  but the most common being the idiopathic , viral or tuberculosis. 

o The sufferers with acute pericarditis must have 2 of the following 4 clinical criteria for 

catching the diagnosis : Typical pericardial chest pain (sharp central chest pain being 

worsens  with supine posture and is relieved by leaning forward) , pericardial friction 

rub , widespread discordant PR-ST segments on ECG and new or worsening pericardial 

effusion on echocardiography.  

o Plasma troponins are elevated in 35% to 50% of patients  with pericarditis , caused by 

epicardial inflammation rather than myocardial necrosis. The ST elevation with high 

plasma troponin concentration makes this essential to be differentiated from STEMI, 

the missing of which makes the situation grave and the patient may meet even with 

death. On the other hand , the clinicians may be confused - acute pericarditis may 

mimic with that of Early Repolarization syndrome (ERS) as well. Under these 

circumstances it becomes essential to study ECG changes in acute pericarditis.  

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

ECG changes in Acute pericarditis 
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o Electrocardiogram (ECG) is very useful in the diagnosis of acute pericarditis , with 

abnormalities being found in maximum number of such cases. Typical ECG findings 

include diffuse discordant PR-ST segment changes. 

ECG is recommended in all patients having suspicion of acute pericarditis (whenever a 

patient presents with chest pain with generalized ST segment elevation , the clinician 

must always suspect acute pericarditis). 

o ECG in pericarditis may have complete recovery over the course of several days to 

weeks  

 

9. Pathological basis of ECG changes in acute pericarditis  
 

The pericardial sac is made up of fibrous tissue containing two pericardial layers – the outer 

parietal layer and the inner visceral layer , containing a thin layer of fluid in between. This 

sac being fibrous in nature is electrically inert , not capable of producing current of 

injury unless and until there is simultaneous involvement of myocardium underneath the 

visceral layer by inflammatory flame of acute pericarditis. Histological studies demonstrate 

that the damage is also extended to the underneath surrounding thin subepicardial layer of 

myocardium. 

In other words , it is acute pericarditis usually with the involvement of a thin layer of 

myocardial tissue which is the pathological basis of ECG changes. It has been also observed 

that in uremic pericarditis , there is no inflammation of the epicardium , only fibrin deposition 

being present , therefore , ECG does not show any change herein. 

The involvement of even a thin layer of epicardial myocardium is essential for ECG changes 

to occur in acute  pericarditis. The entire concept has been illustrated with the following 

sketch : 
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pericardium Epicardial current  

of injury 
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The involvement of a thin  layer of myocardium by acute inflammation beneath 

the visceral pericardium is responsible for epicardial current of injury  

 

Fig. 1.1 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In nutshell , the resultant global subepicardial current of injury causes the PR and ST 

segments typically pointing in opposite direction (PR-ST segment discordance sign) – 

combined PR depression and ST elevation in all the leads except aVR ( +V1 ) with the 

reverse pattern of PR segment elevation and ST segment depression.  

 

NB : Here to mention that the vector of epicardial current of injury (ventricular) in acute 

pericarditis is directed towards the apical surface of the heart. 

 

Rule of electrical vector (on hexagonal lead system) : Any exploring lead placed within a 

range of 900 in respect to epicardial current of injury records positive current , at 900 

equiphasic deflection or no deflection and beyond 900 negative deflection.  
 

 

 

 

PR – ST segment discordance sign  , as explained below :  

RA Though acute pericarditis involves the entire pericardium surrounding the 

heart , but the  basic lesion is over the subepicardial myocardial tissue just 

beneath the visceral pericardium , which is responsible for the current of 

injury – it can be divided into two types of current of injury for the purpose 

of understanding ECG changes in acute pericarditis : 

 

1. Atrial repolarization current of injury :  

Normally there is no distinctly visible wave representing atrial 

repolarization in the ECG because it merges with the next incoming 

QRS wave.  

Atrial repolarization injury makes Ta wave (atrial repolarization 

wave) visible , which is in the opposite direction of the P wave. 

Therefore, it is recorded as PR segment elevation in leads aVR , 

(+V1). The accompanying ST segment depression is recorded as 

such due to the ventricular epicardial vector being over the opposite 

side , away from the right atrium. 
 

2. Ventricular repolarization current of injury : 

The ventricular repolarization current of injury causes ST segment 

elevation in all the leads except aVR (+V1). The preceding PR 

segment depression is due to the atrial repolarization vector being 

over the opposite side , away from the ventricles.     

 aVR 
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Vector of epicardial current of injury 

PR 

ST 

PR 

ST 

Hexagonal lead system 

Vector of epicardial current of injury 

Lead aVR 

Lead II 

Fig. 1.2 

Fig. 1.3 



 
 

10. Other associated pathological changes 

1. Epicardial coronary arteritis : As the network of coronary arteries lies within the 

epicardium , this may have injurious impact by the surrounding collar of acute 

inflammation resulting in ischemia. This causes ST-T changes as seen in coronary 

artery disease.  

2. Associated haemorrhagic effusion may cause higher potassium concentration in 

pericardial fluid (due to haemolysis of RBC) exceeding that of blood , which may 

lead to slightly tall T wave.   

3. Associated myocarditis : Acute inflammatory changes may  further be extended 

towards the remaining zone of myocardium with the following changes on ECG :  

 Pericarditis like myocarditis : Sinus tachycardia associated with non-

specific T waves inversions in the presence of some imprints of PR-ST 

segment discordance sign : + PR segment depression , + ST segment 

elevation or PR segment elevation in aVR lead - this pattern is usually 

suggestive of acute myocarditis.  

 STEMI like myocarditis : Abnormal Q waves with widening of the 

QRS complex (the early disappearance of Q waves suggests a reversible 

myocarditis with the resolution of the inflammatory process). 

 Intraventricular conduction delay / BBB – A damage to the electrical 

conduction system may occur while passing through the inflamed 

myocardiocytes (High degree AV block may also occur) 

 Frontal QRS-T angle > 1000, Prolonged QT interval , + ventricular 

tachyarrhythmias  

11. ECG changes in acute pericarditis  
 

    Main electrocardiographic events 
 

PR-ST segment discordance sign (cardinal feature) 

Knucle sign 

Spodick’s sign  

T-wave changes  

No change in QT interval (the injury is non-transmural) 

No Arrhythmias unless and until pre-existing cardiac disease  

 

NB : There is no change on ECG during depolarization in the absence of underlying 

cardiac disorder – the P and QRS complexes remain normal. 

  

 

Combined PR depression and ST elevation (usually with upward concavity) in all 

the limb and chest leads except in aVR (+V1) with the reverse pattern of PR 

segment elevation and ST segment depression 

(ST and PR segment changes are evaluated relative to the baseline formed by TP 

segment).  
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PR-ST segment discordance sign (Cardinal feature) 



 
 

 

 

 

 

 

 

 

NB : Due to the orientation of the ST vector near to lead II , ST elevation in lead II is 

typically greater than that of in lead III.  

 

   

 

The elevation of the PR segment in lead aVR resembles a bent index finger – this sign 

has been known as Knuckle sign , as illustrated below : 

 

 

 

 

 

 

 

 

  

 

This sign signifies the downsloping TP segment in a patient with acute pericarditis. 

This sign was detected in 1974  by Dr. David H Spodick , Professor of Medicine 

Emeritus at the university of Massachusetts Medical School (died at the age of 90 on 

May 19 , 2019). This sign is being considered to be present upto 30% of the cases – 

often best seen in lead II and lateral chest leads.  

 

 

 

 

Direction of epicardial current of injury (vector) towards the apex  
(the lead aVR is in the opposite direction) 

RA 

 aVR 
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 V5 

 V6 

 II 

Bent index finger 
(illustrating PR segment  

  elevation in lead aVR) 

Spodick’s Sign 

Knucle sign 

Spodick’s sign 

These abnormalities are more prominent in lead II , V5 and V6 

(but with reverse polarity in aVR and + V1) due to the orientation 

of epicardial current of injury towards the cardiac apex, as 

illustrated  here : 

Fig. 1.4 

Fig. 1.5 

Fig. 1.6 



 
 

This sign remained relatively unevaluated until a recent retrospective analysis was 

done by Witting et al. in 2020. He considered an ECG to be positive with Spodick 

sign where at least two leads had TP downsloping of at least 1 mm.  

 

Its clinical Significance  

The presence of Spodick sign with PR-ST segment discordance adds to the diagnostic 

value of acute pericarditis (the presence of PR depression with Spodick sign signifies 

a gateway to the diagnosis) 

 

 

 

 

 

 

 

 

 

 

  

 

In the very early stage of acute pericarditis , T wave appears to be taller , peaked and 

somewhat symmetrical. This is considered to be the earliest sign of acute pericarditis 

, possibly due to the leakage of K+ in vicinity by the inflamed myocardiocytes. This 

earlier T wave abnormality is usually associated with ST segment abnormalities.  

 

  

 

No change in QT interval is conceived in acute pericarditis since the injury is not 

transmural. 
 

  

 

Acute pericaridits without pre-existing cardiac disease does not show any significant 

rhythm abnormality. This is almost invariably associated with sinus tachycardia , 

usually due to associated pain or + pericardial effusion. The associated autonomic 

dysfunction might be accountable for the slower heart rate , at times seen with acute 

pericarditis.   

12.  Evolutionary electrocardiographic changes in acute pericarditis  
 

Spodick described the classical four stages based on the evolutionary changes on ECG in 

acute pericarditis. This is to be mentioned here that acute pericarditis develops quickly but 

with a gradual tendency to recovery. Less than 50% of patients usually progress through all 

these four classical stages.  

ECG findings are variable according to the presentation of the case as per stage of of acute 

pericarditis in evolution.  
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Potential usefulness distinguishing ECG features between acute pericarditis and 

STEMI  

Witting observed that Spodick’s sign is associated with 29% of patients with pericarditis 

and 5% of patients with STEMI. 

PR depression as such may be a false pointing as it is also seen in 12% of patient with 

STEMI. The presence of Spodick’s sign associated with PR-ST segment discordance is 

rather suggestive of acute pericarditis.  

T-wave changes 

QT interval 

Arrhythmias 



 
 

Classical four stages of acute pericarditis on ECG 

 

Stage ECG Characteristic 

Stage I 

 

 

 

 

 

 

 

 

 PR-ST segment discordance sign (diffuse  

ST elevation and PR depression with 

reciprocal changes in lead aVR , +V1). 

(PR segment depression is a transient 

phenomenon lasting only for hours or so).  

 T-waves are upright with somewhat taller 

appearance. 

 Duration : First two weeks  

 

Stage II 

 

 

 

 

 

 

 

 Elevated ST segments return to baseline 

with generalized T-wave flattening.  

 A flat T wave represents a T-wave in 

transition to be inverted in the next stage. 

Flat T <1 mm 

 Duration 1 to 3 weeks  

 

Stage III 

 

 

 

 

 

 

 

 

 Diffuse T-waves inversion 

(pericardium more adherent to the 

myocardium , more prominent is the T 

inversion) 

(T-waves inversions occur due to delay in 

repolarization and change in the sequence 

of repolarization – i.e. from epicardium 

towards endcoardium). 

 Duration 3 to several weeks. 

Stage IV 

 

 

 

 

 

 

 

 With gradual resolution of T-wave 

inversion ECG returns to normal. 

 Duration several weeks to onward  
(usually upto 3 months) 

 

 

NB :  

 Less than 50 percent of patients progress through all these four classical stages.  

 Evolution of ECG changes may not follow this typical stage-wise pattern. Even the 

duration of each stage is also variable. Practically stage I is the only diagnostic phase , 

stage II looks to be normal and stage III mimics ischemia.  
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PR 

ST 



 
 

 

 Rapid resolution of ECG changes  

ECG changes may not proceed beyond stage I due to the rapid ST segment 

normalization with T waves remaining upright. Therefore, no abnormality detected on 

ECG in such a situation.  

 Delay or absence of resolution of ECG changes.  

Stage III with T wave inversion may remain persistent with +  progression towards 

chronic pericarditis or to constrictive pericarditis.  

13. A diagnostic dilema : differential diagnosis on ECG 
 

Due to the presence of ST elevation with acute pericarditis this is required to be differentiated 

from Early Repolarization Syndrome (ERS) and ST elevation MI (STEMI). 

The ECG characteristics with acute pericarditis have already been discussed in the 

preceding pages. Some extra points are to be considered in this conntext , such as the ratio of 

ST segment / T-wave is more than 0.25 and the concerned dynamic ECG changes usually 

evolve slowly over time (ratio of less than 0.25 suggest ERS). 

Acute pericarditis can be sometimes difficult to be differenciated from Early 

Repolarization Syndrome (ERS) as both conditions are associated with concave ST 

elevation.   
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Early Replolarization Syndrome 

 
 ERS is characterized by J-point elevation (>1 mm) being 

revealed either as terminal QRS slurring or notching as a 

positive deflection with concave ST elevation and prominent T-

waves (slightly asymmetrical) at least in two contiguous leads.  
 

 Basis : The changes in certain group of ion channels cause loss 

of action potential dome being replaced with accentuation of J-

point notch on ECG with concave ST segment elevation.  
 

 Commonly seen in young, healthy patients less than 50 years of 

age  
 

 Concave ST elevations are more commonly seen in precordial 

leads. 

The height of T-wave is more than that of the accompanying ST 

segment elevation 

(ST/T ratio = <0.25) , best seen in V6. 
 

 A notched or irregular J-point – so called ‘Fish hook’ pattern – 

often best seen lead V4.  
 

 Absence of PR depression 
 

 No reciprocal ST depression to suggest STEMI 
 

 The ECG pattern is usually static over time. 
 

 

 
 

Fig. 1.7 



 
 

The association of ST elevation with high plasma troponin concentration in acute 

pericarditis makes this condition essential to be differentiated from STEMI , the 

missing of which may convert the situation rather to be grave.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ST Elevation MI (STEMI) 

 
 Evolution of STEMI begins with hyperacute T-waves and next is usually convex 

ST segment elevation ; pathological Q waves can appear early and / or late.  With 

further evolution the ST segment elevation diminishes and T-wave begins to be 

inverted.   
 

 Basis : Transmural myocardial necrosis associated with surrounding rim of 

myocardial injury and myocaridal ischemia in vicinity  , as illustrated below : 
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 Myocardial injury causes the flow of the 

current of injury towards the site of exploring 

lead placement, ST segment is elevated – 

coved / convexed.   

 Myocardial necrosis creates a sort of dead 

window of electrically silent zone and thereby 

is being reflected on ECG as Q wave.  

 Myocardial ischemia still going on the 

periphery , is being reflected as a deep , 

symmetric and pointed inversion of T wave , 

due to the reversal of the direction of 

repolarization – now from epicardium to 

endocardium.  

 

 These changes occur on ECG as per zonal involvement of the concerned 

coronary artery. 
 

 QRS complex widening with initial QTc shortening in leads facing ST 

segment elevation , followed by QTc prolongation in the same leads in 1-2 

days after the onset of infarction (but not in acute pericarditis). 
 

 Reciprocal ST segment depression accompanies such changes. 
 

 

 ST elevation greater in lead III than lead II strongly suggests STEMI 
 

 MI can also cause PR segment depression due to atrial infarction  

(D/D : In acute pericarditis leads aVR , + V1 show the elevation of PR 

segment with depression of ST segment).  

 
 

Fig. 1.8 



 
 

 

14. Concluding remark 
 

Acute pericarditis is the most common form of pericardial disease all over the globe. It is 

rather acute myocarditis usually with the involvement of a thin layer of myocaridal tissue 

which is the pathological basis of ECG changes (the fibrous pericardium is electrically inert). 

At times acute pericarditis presents as a challenging diagnosis to the clinicians - this may 

mimic Early Repolarization syndrome (ERS) and ST elevation MI (STEMI). Therefore, it 

become essential to differentiate these conditions from acute pericarditis.  

 

15. Illustration by ECGs 

 

 

 

 

 

 

 

 

 

Source : CME INDIA on 25.12.2020 by Dr. Ashutosh , Consultant Physician , Renukut  

History  

16 years old boy with chest pain on 23rd November ; Trop T Positive and raised CKMB. 

Findings 

PR and ST segments typically points in opposite directions (PR-ST segment discordance 

sign) in limb leads and chest leads V4-V6. The reverse discordance sign with elevated PR 

and depressed ST segment is seen in aVR and V1. T is mainly positive. The frontal plane ST 

segment axis is directed to +600 axis. Lead II shows a slightly TP segment downsloping – 

Spodick’s sign being positive.  

Impression 

Acute pericarditis 

 

 

 

 ECG 1 
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Source : CME INDIA on 25.12.2020 by Dr. Satish Sir/BGH/Sail , DM (Card) 

Associated tachycardia might had obscured Spodick’s Sign to appear. 

 

 

 

 

 

 

 

Source : CME INDIA on 13.12.2020  by Dr. Mritunjay Kumar Singh,  Consultant Physician and Nephrologist , 

AIMS, Gaya  

History  

18 year old with recurrent chest pain since 3 days with strongly elevated Trop. I  

Findings 

 Heart rate 80 bpm  

 Low voltage on limb leads  

 Frontal QRS-T = 1400 (>1000) 

 Mild PR segment elevation with ST segment depression in leads aVR and V1 

 Pericarditis like ST segment elevation with associated T-wave inversions in leads I , II , aVL  

and V4-6. 

(leads III and aVL are having just mild ST elevation without T-wave inversion) 

 

 ECG 3 

 ECG 2 
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Continue on the next page… 



 
 

Discussion 

In the  presence of prolonged frontal QRS-T angle (>1000) with associated ST and T changes as 

described on the preceding page is strongly suggestive of acute myopericarditis. The absence of sinus 

tachycardia here is possibly due to the use of analgesic in the hospital. The patient responded with the 

treatment of acute myopericarditis.  

Coronary angiogram done did not show any coronary artery occlusion.   

 

The second ECG done on  the next day 

 

 

 

 

 

 

 

 
 

The same findings are present on the second ECG also.But taller T-waves appeared in leads V2 and 

V3 with somewhat deeper T-waves inversion in lead V5 and V6. These T changes might indicate 

more deeper penetration of acute inflammatory changes into the myocardium. Taller T waves in leads 

V2 and V3 might indicate localized K+ leakagae from the inflamed cardiomyocytes in vicinity.  

Impression 

Acute myopericarditis 
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    ECG LIMB LEAD REVERSAL : 

 GEOMETRY BASED CONCEPT 

ECG 

OUTLINE 

Introduction  

In clinical practice limb leads are usually interchanged in a hurry – a 

technical error. Missing the diagnosis of limb reversal can profoundly 

influence the clinical decision about the patient care 

Exchanging one of the limb electrodes with a neutral electrode ( N) 

Concluding remark 

When a pair of limb electrodes (RA-LA / RA-LL / LA-LL ) is mutually 

exchanged without disturbing the Neutral electrode (N)  

References 

The basic facts operating behind the limb lead placement (keynotes) 

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

 Augmented Unipolar Limb leads : Dr. Emanuel Goldberger 

aVL, aVR, aVF 

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

This terminal represents the average of the limbs potential possibly near 

about 0 (Zero). 

 Lead aVR 

 Neutral electrode (N) 

The lead connected to the right ankle acts as a neutral electrode (0 

potential) , this is just like an electrical plug having neutral terminal. 
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O Heart , leads are thou messengers , placed over the frontal and horizontal planes to 

receive the electrical signals of thy electrical field –  being gleamed through different 

waves on ECG. The knowledge created by these waves provokes the clinicians with an 

explanatory thought in mind.  The misplacing of the leads might fog the wisdom of the 

clinician. This usually happens with the limb lead reversal over the frontal plane. 
 

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

without disturbing the Neutral electrode (N)  placed over the right leg. 

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

   A high kindling thought is needed to solve the problem.  

 
 

17. 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 – a technical error. 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 to 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.  

 

18. The basic facts operating behind the limb lead placement 
(keynotes) 

 

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 , being 

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

This is 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 limbs). 

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

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

electrode and adjoining them together. This terminal represents the average of the 

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

                             MD (MEDICINE)  FCGP(IND)  FIAMS(MEDICINE)  FICP  FICCMD 
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The flow of cardiac current on 

the frontal plane is picked up 

through the negative electrode 

to be directed towards the 

positive electrode due to the 

potential difference in between 

these two poles , as illustrated 

in the preceding sketches. 

 
 

limbs potential possibly near about 0 (Zero). This is used as an indifferent electrode 

(negative electrode) to record the potential difference in respect to unipolar limb 

leads. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Lead aVR 

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

negative (P-QRS-T). 

NB : Any unipolar arm electrode placed over this region would also record all the 

waves as negative (P-QRS-T) due to its orientation in extreme opposite direction  
 

 Neutral electrode (N) 

The lead connected to the right ankle acts as a neutral electrode (0 potential).  

 

19. When a pair of limb electrodes (RA-LA / RA-LL / LA-LL) is 
mutually exchanged without disturbing the Neutral electrode (N). 
 

Basic concept 

Mutual limb leads reversal in between a pair of limb electrodes (Left arm and right arm 

/ Right arm and left leg / Left arm and left leg) causes the complete inversion (P-QRS-T 

all being negative) in one of the I, II , III leads with some alteration in polarity in some 

other leads as well.  

This exchange creates the reorientation of the flow of the current over Einthoven’s 

triangle. This should be kept in mind that the flow of current is from the negative 

electrode towards the positive electrode.  

RA LA 

LL 

- 
- - 

+ 

+ + 

I 

III II 

I 
RA LA 

LL 

+ 

+ + 

- 

A B 
+ - Fig. 1.1 
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Fig. 1.2 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quick diagnostic pearl on 

ECG  :  

 P-QRS-T all negative in lead 

I and aVL  

 Lead aVR often positive.  

 Marked right axis deviation.  

 Left arm and Right arm reversal  
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aVL aVR 

LA RA 

LL 
aVF 

-I 

III II 

Quick diagnostic pearl on 

ECG :  

 Leads I, II, III and aVF are all 

completely inverted (P-QRS-

T all being negative) 

 Lead aVR is upright 

 

Right arm and Left leg reversal   

I 

II 

III 

aVR 

aVL 

aVF 

The ECG may mimic as an old 

inferior myocardial infarction due 

to prominent Q and inverted T 

waves in inferior leads. 

+ - 

-I denotes the reversal of 

the flow of current. 

I 

II 

III 

aVR 

aVL 

aVF 

 

aVF aVL 

LL LA 

RA 
aVR 

-III 

- II -I 

-I , -II, -III denotes the 

reversal of the flow of 

current in all these leads. 

-I  = RA  + - LA  

-II  = RA  + - LL  

-III  =  LA  + -  LL  

When the exploring electrode is placed away from the flow of current , it records negative 

(downward) deflection and when it is placed towards the flow of the current it records positive 

(upward) deflection.  

 

 

 

 

 

True dextrocardia can be ruled 

out by noting normal R wave 

progression in precordial leads.  

Fig. 1.3 

Fig. 1.4 



 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

20.  Exchanging one of the limb electrodes with a neutral electrode 

(N)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quick diagnostic pearl on 

ECG  :  

 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) 

 

 Left arm and Left leg reversal  

Leads I and II are magnified to 

view P wave with more clarity. 
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I 

I 

II 

III 

aVR 

aVL 

aVF 

-III denotes the reversal of 

the flow of current. 

LA  + - LL 

aVR aVF 

RA LL 

LA 
aVL 

II 

I -III 

Basic concept 
  

The following changes occur with this 

exchange : 

 The exchange of the right leg (N) 

with one of the arm leads causes the 

potential difference to be zero in the 

upper arm of the Einthoven’s 

triangle. This leads to the 

conversion of the upper arm of the 

triangle into apex.  

 Now at the base of so everted 

triangle there is no right leg(N) but 

the left leg electrode remaining as  

such with some other electrode as 

partner - both having identical 

polarity with no flow of current in 

between. As a consequence the 

Einthoven’s triangle gets collapsed 

looking like a very thin slice so that 

the rest leads encircling the triangle 

would approximate each other but 

may be with different polarity as 

dictated by the direction of the flow 

of current.  

-LL -  

N 

0 

 

(left leg) 

 

Einthoven’s triangle 

is collapsed to a 

very thin triangle , 

as illustrated. 

 

0 = Zero Potential 

 

Apex  

 

Exchanged arm electrode 

shifted to right leg 

 

Fig. 1.5 

Fig. 1.6 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Right arm and Right leg(N) reversal  

 

-LL 

+LA 

- RA 

N 

0 

aVR = aVF 

aVL 

- I 
 

III 

(shifted to right leg) 

 

(left leg) 

 
0 = Zero Potential 

 

Flat-line 

In lead II 

I 

II 

III 

aVR 

aVL 

aVF 

Quick diagnostic pearl on 

ECG :  

 Lead II records a flat line 

(Zero potential) 

 Leads aVR and aVF becomes 

identical in polarity. 

 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 

somewhat altered due to the shift 

of the neutral  electrode  (N) 

        

 

(Einthovens triangle is collaposed 

to a very thin triangle , as 

illustrated) 

“Flat-line”  

Left arm and Right leg (N) reversal  

 

+ LA 

-RA 
N 

0 

aVL = aVF 

aVR  

I 

(shifted to right leg) 

 

(left leg) 

 

 

 

0 = Zero Potential 

 

“Flat-line” 

II 

+LL 

in lead III 

I 

II 

III 

aVR 

aVL 

aVF 

Flat-line 

Quick diagnostic pearl on 

ECG  :  

 Lead III records a flat line 

(Zero potential) 

 Leads aVL and aVF 

becomes identical in 

polarity.  

 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 

somewhat altered due to shift of 

the neutral   electrode  (N) 

(Einthovens triangle is collaposed 

to a very thin triangle , as 

illustrated) 
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Fig. 1.7 

Fig. 1.8 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21. Concluding remark 

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 : 

 

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

 

-LA 

+LL 

- RA 

N 

0 

aVR = aVL 

aVF 

- II 
 

-III 

(shifted to right leg) 

 

(left leg) 

 0 = Zero Potential 

 

“Flat-line” 
In lead I 

I 

II 

III 

aVR 

aVL 

aVF 

Flat-line 
Quick diagnostic clue  :  

 Lead I records a flat line 

(Zero potential) 

 Leads aVR and aVL becomes 

identical in polarity. 

 Lead II , III and aVF 

approximate each other  

(all  with negative polarity).  

 

The precordial leads voltage are 

somewhat altered due to the shift 

of the neutral  electrode (N) 

        

 

(Einthovens triangle is collaposed 

to a very thin triangle , as 

illustrated) 

RA LA 

   RL (N)  LL  

+ 

+ + 

- 

I 

III II 
ECG changes remain unchanged 

 

Fig. 2.0 

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

configuration of Einthoven’s triangle..  
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Fig. 1.9 



 
 

 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 

 

 

 

 

 

 

 

 

 

 

 

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

following possibilities : 

 

 

 

 

 

 

 

 

 

 

 

 

 

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) 

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 (all with negative 

polarity).  

| 42 



 
 

 

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

to avoid unnecessary investigations with therapeutic intervention. Whenever in doubt ECG 

recording should be repeated without any hesitation.  
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 ATRIAL REPOLARIZATION :                                 

A HIDDEN SECRECY ON ECG 

ECG 

OUTLINE 

Introduction-keynotes  

Atrial repolarization wave (Ta) is not witnessed as such on 12-limb surface ECG.  

This wave is somewhat longer and shallow , being hidden within the QRS and 

extending distally into some part of the corresponding ST segment 

References 

Electrophysiology of atrial repolarization (Ta wave) 

 Ta wave is negative with an upright P wave and positive in lead with an 

inverted P wave on ECG.  

 The Ta wave is very shallow but a longer wave : 2-3 times longer than P wave 

duration and 1/3rd of the P wave amplitude.  

 
False positive ST depression VS True positive ST depression 

 

 Hypersympathetic activity and atrial repolarization Ta wave  

(a normal phenomenon) 

 

 Role of Ta wave in atrial infarction 

The diagnosis of atrial infart is usually made from elevation / depression of P-Ta 

segment.  

 

 

 

Concluding remark 
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In medical science there are certain facts remaining hidden as if sealed in silence.  

The electrocardiogram (ECG) records the electrical activities of the heart but atrial 

repolarization is not seen on the surface but hidden within the QRS. 

 Atrial repolarization (Ta wave) is a very shallow and somewhat longer wave :  2-3 

times longer than P wave duration and 1/3rd of the P amplitude , mainly sheltered 

within the QRS.  

 After being passing through the width of QRS , it also gets somewhat extended into 

the corresponding ST segment.  

Exact knowledge of this phenomenon of atrial repolarization might be a key pointer in the 

diagnosis of certain cardiac disorders. The clinicians try their best to catch up the ball of this 

hidden secrecy lurking through QRS , whenever needed.  

 

1. Introduction-keynotes 

o Atrial repolarization wave (Ta) is not witnessed as such on 12-limb surface ECG.  
 

o This wave of atrial repolarization is somewhat longer and shallow , being hidden within 

the QRS and extending distally into some part of the corresponding ST segment.  
 

o The atrial electrical activities are inscribed as P-PR-Ta (Atrial depolarization wave – 

adjoining PR interval – atrial repolarization wave)  which behaves as a single unit from 

electrophysiological point of view. This is also known as P-Ta segment. Whenever there 

is a deviation of Ta wave it may also deviate its outskirting PR interval and ST segment.    
 

o Exploring the concept of atrial repolarization makes a clinician more confident towards a 

safer diagnostic approach concerning with PR and ST displacement.  
 

o It is also true that sufficient efforts are not exercised in the routine interpretation of such 

changes. 
 

o The knowledge of atrial repolarization would also impart some basic diagnostic 

informations related to the changes within the atria such as hypersympathetic activity , 

atrial infarction and even to confirm the status of ST depression whether truly positive or 

falsely positive. This would be worthwhile to mention here that atrial repolarization 

extending into the ST segment may cause a false positive ST segment depression.  
 

o In nutshell to say , the understanding of atrial repolarization works as a magic towards 

revealing such changes.   
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2. Electrophysiology of atrial repolarization (Ta wave) 

It can be better understood with the help of the following sketch , placed below : 

 

 

 

 

 

 

 

 

 

 

 

 

Ta wave follows a different pattern what happens in ventricular repolarization 

Ventricular repolarization T wave follows the same pattern as that of ventricular 

depolarization (QRS and T with the same polarity). But the wave of atrial repolarization 

(Ta) is usually directed opposite to the wave of atrial depolarization (P) , i.e. it is 

negative in leads with an upright P wave and positive in leads with an inverted P wave. 

This reverse relationship of Ta wave with that of P wave indicates that the atrial 

depolarization (P) and atrial repolarization (Ta) both follow somewhat the same route of 

propagation , but being in the opposite direction to each other. 

 

Morphology of Ta wave 

Atria , being thinner compared to the ventricles , record the waves of depolarization and 

repolarization both as smaller waves , compared to the ventricular system.  

The Ta wave is a very shallow but a longer wave : 2-3 times longer than P wave duration 

and 1/3rd of the P wave amplitude. The duration of the Ta wave ranges from 230 to 384 

ms , being somewhat longer it also extends into some part of the corresponding ST 

segment as well.   

 

Ta wave hidden within the QRS 

Both atria and ventricles are having inverse relationship in the sense that one set 

contracts , the other set relaxes. This would be correct to say here that while the 

ventricles contract , the atria relax. Therefore , both the waves of electrical activities are 

recorded on ECG simultaneously within the same time period. The atrial repolarization 

Ta wave being shallow is sheltered within the taller QRS wave of ventricular 

depolarization. That’s why, Ta is hidden within the QRS complex , not to be visible on 

surface ECG.  

 

Ta wave during conduction system malfunction   

Ta waves are normally remain unseen on ECG except during conduction system 

malfunction such as long PR interval or atrioventricular block.  

P 
T 

QRS 

Ta 

Ta  hidden within QRS and somewhat extending into the ST segment 
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Fig 1.1 



 
 

P + Ta interval = the QT interval of the ventricles  

Though the atrial depolarization wave P and repolarization wave Ta are directed opposite 

to each other but both behave as a single unit – P-Ta segment. It can be stated that P + Ta 

interval has the same meaning for the atria as the QT interval for the ventricle , but it is 

not possible to calculate this in practice.  
 

3.  False positive ST depression VS True positive ST depression 

 Atrial repolarization extending into the ST segment can result in false positive ST 

segment depression , specially in the presence of positive P wave and negative Ta 

wave , specially if associated with short PR interval  
 

This fact should be kept in mind while interpreting the ECG.  

A myocardial injury is diagnosed only when the P-R and S-T segments are discordant to each 

other , that is when they correspond to "arcs of different circumference" – a broken parabola 

pattern. An electrocardiographic exercise test is considered as negative, even in the presence 

of S-T depression, as long as this segment is inscribed with the same radius as that of the 

preceding P-R segment 
 

 

 

 

 

 

 

 

 
 

 

 

4.  Hypersympathetic activity and atrial repolarization Ta wave  

     (a normal phenomenon) 
 

The TP segment is usually shortened whenever the heart rate accelerates – a point may come 

when the P wave comes very closer to preceding T wave , it might merge with the descending 

limb of T wave and from there it starts its further journey on ECG.  

(The TP segment is the part of ECG from the end of the T wave to the beginning of the P 

wave. This segment is the segment of cardiac rest during diastolic phase of the cardiac cycle). 

The journey of hypersympathetic activity on ECG is characterised by TP waves in close 

approximity , descending PR segment, depressed J point, and ascending ST segment. 

The PR and ST segments have concordant deviations , forming unbroken ‘parabola 

pattern’ behaving as an arc of same circumference. The so produced S depression has no 

pahtological significance whenever it is preceded by a concordant and symmetric PR 

depression  

Hypersympathetic activity causes descending of PR segment and asceding of the ST segment. 

This happens so due to  somewhat extending arms of Ta wave on either side.  
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Concordant deviation  
(PR and ST segment) 

False positive ST depression 

PR ST 

True positive ST depression 

Discordant deviation  
(PR and ST segment) Fig 1.2 



 
 

The entire concept is illustrated by the ECG strip , placed as below : 

 

 

 

 

 

 

 

 

 

 

5.  Role of Ta wave in atrial infarction  
 

 Atrial infarct is ischemic necrosis of the upper chamber of the heart (the atrium). It is 

a disease that has not been well researched. Many studies done so far established its 

diagnosis at autopsy.  
 

 Atrial infarct involving the atrium causes elevation of wave of repolarization Ta , as 

ST elevation is seen in ventricular myocardial infarction. Here to mention that Ta 

wave also lifts up the P-Ta segment along with it , as illustrated by the following 

sketch: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T P 

Shortened                         
TP segment 

Descending PR segment 

Ascending ST segment 

Concordant deviation with PR and ST segment forming unbroken parabola pattern 

P-Ta elevation 

P-Ta depression 

 The diagnosis of atrial infart is usually 

made from elevation / depression of P-Ta 

segment.  
  

 The diagnosis should only be entertained 

when P-Ta segment in minimally elevated 

in the same direction as the P wave.  

Diagnositc criteria for an atrial infarct  

Several diagnostic criteria are in use , and the following is just an example of one.  

Either of the following 

 P-Ta elevation > 0.5 mm in V5 and V6 with reciprocal depression in V1 and 

V2 

 P-Ta elevation > 0.5 mm in lead I and depression in II and III 

 > 1.5 mm P-Ta depression in precordial leads.  

 >1.2 mm P-Ta depression in I , II or III in combination with atrial 

arrhythmias.  
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Fig 1.3 

Fig 1.4 



 
 

 On the ECG , an atrial infarct manifests itself by the elevation of P-Ta segment +  

associated with atrial arrhythmias. It is a known fact that the P-Ta segment belongs to 

the atria while the ST segment belongs to the ventricle.   
 

 Atrial infarct is usually associated with ventricular myocardial infarction. Such 

association was found to be present in 17% cases of ventricular infarction.  

It is usually caused by occlusion of the atrial coronary branches emerging from the 

proximal segment of the right (RCA) or left circumflex (LCX) coronary arteries. 

Right sided atrial infarct in commoner as per se the involvement of RCA. It would be 

worthwhile to mention here that atrial infarct is a potentially harmful disease which 

may cause atrial dysfunction with systemic embolization , atrial arrhythmias and even 

atrial rupture.   

 

6.  Concluding remark  
 

The electrocardiogram (ECG) records the electrical activities of the heart but atrial 

repolarization is not witnessed on the surface. This wave of atrial repolarization is being 

somewhat longer and shallow , is hidden within QRS and also extending into some part of the 

corresponding ST segment.  

The atrial electrical activities are inscribed as P-PR-Ta (Atrial depolarization wave – 

adjoining PR interval – atrial repolarization wave)  which behaves as a single unit from 

electrophysiological point of view. This is popularly known as P-Ta segment. Whenever 

there is a deviation of Ta wave it may also deviate its outskirting PR interval and ST segment.    

Such PR and ST segment deviation might be concordant or discordant helping in the 

diagnosis of some atrial conditions such as hypersympathetic activity , atrial infarction and 

even to confirm the status of ST depression whether falsely positive or truly positive.  
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PSEUDO-VENTRICULAR TACHYCARDIA : 

‘AN UNREAL MAY BE TREATED AS REAL’ 

ECG 

OUTLINE 

Introduction  

Artifacts on ECG can be misdiagnosed as VT and this possibility should be 

kept in mind to avoid unnecessary diagnostic and therapeutic interventions.  
 

Concluding remark – THE KEY POINTS 

Electrocardiographic approach to identify Pseudo-ventricular 

tachycardia 

There are certain criteria , laid down for the identification of Pseudo-

ventricular tachycardia induced by motion artifacts : the sinus sign , the 

spike sign and the notch sign  

 

References 

Pseudo ventricular tachycardia and its mechanism 

 The skin-electrode interface needs a special note as it is the largest 

source of interference induced artifacts. 

 These artifacts producing noises are difficult to be filtered to the 

desired level , due to considerable overlapping of its frequency scale 

to that of the frequency scale of ECG signals. 

 

Putting all together on ECG 

| 51 



 
 

 

 
 

 

 

Artifacts are never the work of an art – rather fabricated utterances coming from outside           

(e.g., bodily movements) while recording an ECG and running simultaneously with the 

cardiac electrical activity but distorting its signals P-QRS-T coming on the way.  

These are silly in nature , appearing as a mimicker where the images are not real but 

pertaining to be real.  

 The entrant energy (mechanical or electrical) coming from outside the cardiac 

source not being filtered on ECG , is turned into artifacts – its recording is 

superfluous and deceptive in nature.  

 The most usual electrocardiographic artifacts are rendered by mechanical energy 

such as bodily movements and these artifacts can closely resemble with a run of 

VT , and even experts may misdiagnose it as VT, causing unnecessary 

investigations and therapeutic interventions , thus even harming the patient.  

Artifacts on ECG are learning lessons that every clinician should learn. One has to sense his 

mind by developing an ability to analyse these artifacts , otherwise unreal may be treated as 

real.   

         (VT = Ventricular tachycardia) 

 

1. Introduction 

o Ventricular tachycardia (VT) is a life threatening condition with a risk of sudden cardiac 

death – needing , thereby its urgent evaluation and management. Artifacts on ECG can 

be misdiagnosed as VT and this possibility should be kept in mind to avoid unnecessary 

diagnostic and therapeutic interventions.  
o The most likely cause of electrocardiographic artifact is bodily movement – 

superimposed on normal ECG tracings with distorting its signals P-QRS-T. 
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Pseudo-ventricular tachycardia : 

‘An unreal may be treated as real’ 
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A 

B 

C 

Bodily movements as entrant energy Bodily movements travelling as waves  

ECG tracings : P-QRS-T 

Distortion of some QRS signals as spikes and 

notches – the entire run mimic as VT 

(Pseudo-ventricular tachycardia) 

notch Spike 

Superimposed on 



 
 

o One has to be very precautious to diagnose whether it is an artifact or true ventricular 

tachycardia. It is a clinical dictum that the possibility of artifact as a cause of ECG 

rhythm disturbances should always be considered in otherwise asymptomatic 

patient who is hemodynamically stable. ECG interpretation should always be 

correlated with the clinical history , keeping a keen eyes inspection over the bodily 

movements if any. We should treat the patient , not the ECG.  

2. Pseudo ventricular tachycardia and its mechanism 

 An interlinked pathway for recording the ECG signals coming from the heart   
While recording the ECG , it may be interfered with re-entrant energy (e.g. bodily 

movement) coming from outside the cardiac source. This re-entrant energy may interfere 

with any point on the pathway , as illustrated below : 

 
Cardiac electricity (P-QRS-T) 

 

spreading through the limbs 

 

skin-electrode interface 

 

 patient’s cable connected to ECG machine 

 

ECG recording 

 

Any disturbance anywhere in this chain may alter the tracings on ECG – it may be 

cardiac arrhythmia in itself (e.g., VT) or any bodily movements / electrical disturbances 

arising from any point onward over this chain in continuum. The following factors might 

be responsible for such changes to take place. 
• Bodily movements  
• Skin-electrode interface disturbance : Either the electrodes may be loosely 

applied to  the limbs or the underneath jelly may be either more or less in quantum 

– all these may produce unwanted muscular movements at this interface.   
• Any sort of external interference : nearby mobile phones or external electricity in 

vicinity.  
The skin-electrode interface needs a special note as it is the largest source of 

interference induced artifacts. The artifacts produced from its component are 

magnified either by the patient movement or respiratory variation.   
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Skin with underneath 

limb muscles  

Electrode 

Patient’s cable ECG machine 

Jelly 

SKIN-ELECTRODE INTERFACE 



 
 

 ECG filter and artifacts  
 

 

This would be ideal to get ECG signals (P-QRS-T) without being mixed with artifacts. 

ECG filters try to eliminate or remove unwanted noisy interference coming from other 

than the cardiac source. These artifacts producing noises are difficult to be filtered to the 

desired level , due to considerable overlapping of its frequency scale to that of the 

frequency scale of ECG signals. There is a need of choosing the appropriate filter to 

accommodate ECG waves within the frame of its recording but this remains a dream – 

frequency scale of artifacts and ECG waves are very much closer to each other. That’s 

why , inspite of choosing the appropriate filter as per need there is the possibility of 

bodily movement induced waves to be mixed with ECG waves.  

 

This would be appropriate to mention here that the frequency of any such signal whether 

coming from normal ECG or artifacts is measured as Hertz (Hz) unit. A frequency of 1 

Hz measures the signal repetitions every one second. The heart produces electrical 

activity normally at the rate of 60 to 90 beats per minute. It can be said that with a 

fundamental frequency of 1 Hz at this heart rate –  all the ECG signals (P-QRS-T) would 

be recorded at or above this frequency. The frequency scale of ECG signals and those of 

artifacts producing signals (muscles) run more or less within the same frequency 

framework.   

 

 

 

 

 

 

       Ref : 

      UNDERSTANDING ECG FILTERING 

      PUBLISHED: MARCH 10, 2014 

    AUTHOR: Christopher Watford 

https://www2.rigacci.org/wiki/lib/exe/fetch.php/tecnica/misc/ecg90a/understanding-ecg-

filtering.pdf 
 

Since the frequency of QRS wave is more or less equivalent to the frequency of muscles 

induced artifacts , ECG filters allow both the frequency notes to be recorded on ECG 

simultaneously , mimicking as ventricular tachycardia – termed as Pseudo-Ventricular 

tachycardia. Even on increasing the heart rate QRS always stands with higher 

amplitudes  and the same is also true with the pattern of muscles artifact signals , which 

also exhibit higher amplitudes. Therefore , both would be recorded as having higher 

amplitude on ECG but P and T signals having lower amplitudes would be buried within 

the crowded artifacts.  

 

 

 

 

QRS frequency is 10-50 Hz  

(considering the heart rate in 

between 40-300 bpm)  

Frequency of muscle artifacts = 5-50 

Hz  
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Artifacts signals distort the QRS signals , 

appearing as spikes / notches amidst the 

noisy spells  

(Smaller P and T signals are buried within).  

notch Spike 

https://www2.rigacci.org/wiki/lib/exe/fetch.php/tecnica/misc/ecg90a/understanding-ecg-filtering.pdf
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3. Electrocardiographic approach to identify Pseudo-ventricular  

     tachycardia  

Basics 
This is essential to review the nature of different leads concerned with ECG recording. It 

would be appropriate to mention here that the tracings on ECG are recorded by applying 

limb and chest electrodes at its appropriate places.  
 

Leads Negative Electrode Positive Electrode 

Bipolar       I 

                  II 

                  III 

Right Arm 

Right Arm 

Left Arm 

Left Arm 

Left Leg 

Left Leg 

 

Unipolar     aVR 

                  aVL 

                  aVF 

*Central Terminal Right Arm 

Left Arm 

Left Leg 

 

Chest leads *Central Terminal V1-V6 on different 

specified spots on chest 

wall 

 

*Central terminal is formed by joining the right arm , left arm and left leg electrodes 

together - this comes to 0 (Zero) potential. The current flows from negative electrode towards 

positive electrode due to the potential difference in between two.   

Main criteria :  There are certain criteria , laid down for the identification of Pseudo-

ventricular tachycardia induced by motion artifacts : the sinus sign , the spike sign and the 

notch sign.  

  Sinus sign  : One of the frontal leads (leads I , II and III) may present with sinus rhythm 

with the preservation of normal P-QRS-T waves. The reason behind this is that one of the 

upper limb electrodes is free of movement artifact. This sign was introduced by                

Huang et.al. 

Explain : If the left arm is free from movement , the lead III (left arm-left leg) would be 

showing sinus rhythm free from motion artifacts. And the remaining leads I and II would 

be showing artifacts because the right arm having motion artifacts is common to these two 

leads. The augmented unipolar leads aVR, aVL and aVF would also be showing motion 

artifacts because the right arm is one of the components of central terminal.  
 

 Spike sign :  

                        Explain :The superimposition of R (QRS) on the top of simultaneously   

                        running taller artifact wave – giving this the appearance of a taller                     

                        wave having spine on its top, as illustrated below with the corresponding  

                        sketch. 
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Spike If one finds a wave of higher amplitude with spike on its top amidst the 

waves of motion artifacts , this is considered as ‘spike sign’ to be 

positive.  

R 



 
 

 

 Notch sign :  

Explain : The intersection of two waves running very closer to each other 

may create a visible notch in between (Firstly pointed out by Littmann and 

Monroe). ECG machine contains some ability to reject some noises even  

without a filter – eliminating a small region of frequencies on the top of 

these two simultaneously running waves, appearing as a notch. 

 

 

 

 

 

 

 

 
 

4.  Putting all together on ECG  

 

 

 

 

 

 

 

 

 

 

 
73 years hypertensive , no history of chest pain , no breathlessness  
 

Discussion : This ECG reveals right upper arm as the cause of artifact , as detailing below : 

 Lead III (left arm + left leg) is showing sinus rhythm with the preservation of                

P-QRS-T signals as such , thereby indicating the absence of motion artifacts over 

left arm and left leg.  

 Since lead I (left arm + right arm) and lead II (right arm + left leg) both are 

exhibiting motion artifacts – thereby , indicating involvement of the right arm with 

motion artifacts being intermingled with spikes  and notches – already explained in 

the preceding pages).  

If one finds such a notch amidst the waves of motion artifacts , this is 

considered as ‘notch sign’ to be present.   

Chest leads do not exhibit motion artifacts having larger amplitudes – rather with 

lower amplitudes. This is due to the fact that respiratory-motion excursion over the 

chest wall is having 0.12-0.5 Hz range (e.g. 8-30 bpm) , thus eliminating the 

possibility of artifacts having higher amplitude.  
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Lead III With sinus rhythm 

Notch Spike 
Chest leads do not exhibit motion 
artifact with larger amplitude 

Source : CME INDIA on 22.10.2022 by Dr. N.K Singh ,  Director , diabetes and heart research centre, Dhanbad 
, Editor , www.cmeindia.in 

http://www.cmeindia.in/


 
 

 Augmented leads (aVR , aVL , and aVF) also exhibit the evidence of artifacts , since 

the right arm is one of the components of central terminal ,being formed by the 

combination of all these three.  

 Chest leads do not exhibit motion artifacts with larger amplitudes – rather artifacts 

with smaller amplitudes come in view. This is due to the fact that chest wall is 

having 0.12-0.5 Hz (e.g. 8-30 bpm).  

 

 Comments 

The waves-pattern in this ECG resembles very much with ventricular tachycardia, but this is 

not so. That’s why , this is termed as Pseudo-ventricular tachycardia (an unreal may be 

treated as real). 

5. Concluding remark - THE KEY POINTS 

o Ventricular tachycardia (VT) is a life threatening condition with a risk of sudden 

cardiac death – needing , thereby its urgent evaluation and management. Artifacts on 

ECG can be misdiagnosed as VT and this possibility should be kept in mind to avoid 

unnecessary diagnostic and therapeutic interventions.  
 

The most likely cause of electrocardiographic artifact is bodily movement – 

superimposed on normal ECG tracings with distorting its signals P-QRS-T  , appearing 

as spikes and notches amidst the noisy spells (smaller P and T signals are buried 

within).  
 

There are certain criteria , laid down for the identification of Pseudo-ventricular 

tachycardia induced by motion artifacts : the sinus sign , the spike sign and the notch 

sign – all these have been discussed in the previous pages.  

It is a clinical dictum that the possibility of artifact as a cause of ECG rhythm 

disturbances should always be considered in otherwise asymptomatic patient who is 

hemodynamically stable. 

If one concentrates over the tracings on ECG ,  appearing as spikes and notches amidst the 

crowd of noisy artifacts , the presence of pseudo-ventricular tachycardia should strongly be 

suspected. 
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