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Introduction  

Takotsubo cardiomyopathy is a special type of cardiomyopathy that is 

characterized by a transient stress induced reversible dysfunctioning with 

ballooning of a portion of the left ventricle of the heart , most often over its apex. 
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The Fire of stress is said to be the slayer of ours existence – rather it is not stress that kills us, 

it’s out reaction to it.   

O Heart ! Thou are not the exception , the Fire of stress might stumble thou by its anguish 

flame.  

 The biochemical bursting with catecholamine surge instead of saving might ruin thy 

existence.  

 Thou movements become disorganized – dyskinetic at the apex with its ‘ballooning’ out 

and hyperkinetic at the base with  LVOT obstruction. 

 

The whole spectrum with such changes in the heart is also known as ‘stress cardiomyopathy’ 

– its cry being perceived as coronary spasm with myocytes-dysfunctioning.  

Thanks to Almighty these are not everlasting changes – thou usually recover rapidly within 

a few weeks.  

(The synonyms are Takotsubo cardiomyopathy , stress cardiomyopathy , apical ballooning 

syndrome , broken heart syndrome , ampulla cardiomyopathy)   

 

 

1. Introduction 

Takotsubo cardiomyopathy is a special type of cardiomyopathy that is characterized by a 

transient stress induced reversible dysfunctioning with ballooning of a portion of the left 

ventricle of the heart , most often over its apex. It was originally identified and described in 

Japan by Sato et al in 1990. The word ‘Takotsubo’ was coined from the name of a pot used 

by Japanese fishermen to trap octopuses.  The apical part of the heart changes its contour like 

a round pot with its narrow neck – very much  similar to the octopus trapping pot.  
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 A runner through stress  
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Normal Heart Apical ballooning  Takotsubo Pot  

(Tako = octopus + tsubo = pot )  

LV  

In TCMP, apical dyskinesia with subsequent ballooning creates LV appearance 

remarkably similar to the octopus pot.   

 

 Fig. 1.1 



 
 

Since its recognition this condition was found to be prevalent all over the globe  affecting any 

one with any ethnic background. However , more than 90% of the reported cases are in     

postmenopausal women , usually over 60 years, being devoid of oestrogen protection . There 

is also evidence that upto 5% of women being suspected of having a heart attack belong to 

this group of disorder. The most people recover rapidly within a few weeks without any trace 

of heart damage. The prevalence has been shown to be in between 1.2-2.2% of all the patients 

who presented with suspected acute coronary syndrome.  

In the majority of cases , this illness is preceded by the events of either intense emotional 

stress or physical stress. The entire clinical scenario is attributed to catecholamine surge as a 

result of emotional or physical upset. It would be worthwhile to mention here that there is an 

absence of significant coronary artery disease in TCMP as accessed by angiograms (diameter 

stenosis <50%) or angiographic evidence of any acute plaque rupture.   

TCMP resembles very much on ECG with acute ST elevation MI. This is a clinical dictum 

that with any patient having suspicion of acute coronary syndrome (ACS) , ECG recording 

should be the initial step. Under circumstances it would be a wiser step to have the basic 

concept of ‘Takotsubo cardiomyopathy’ to distinguish it from myocardial infarction and also 

allied conditions as well. It is a rule to consider the affected individual to have a heart attack 

until proven otherwise.  

2. Pathophysiology  

The underneath triad consisting of catecholamine surge , microvascular spasm and LVOT 

obstruction is mainly responsible for its causation. 

 

 

 

 

 

 

 

 

 

 Catecholamine surge  

The biochemical bursting with catecholamine surge seems to be the initiating factor. This is 

to be noted here that the apical part of the left ventricle has the highest density of sympathetic 

nervous system fibers , the activation of which by catecholamines causes microvascular 

spasm resulting in lesser blood supply to the apical zone. Not to surprise , this seems to be the 
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Catecholamine surge 

An acute stress 

LVOT 
obstruction  

LV  
Apical ballooning with underlying 
microvascular dysfunction  

 Fig. 1.2 



 
 

causation of regional wall dyskinesia , involving mainly the left ventricular apex with 

hyperkinesia of the basal left ventricular segment.  

There are different types of wall motion abnormalities associated with ‘Takotsubo 

cardiomyopathy’  , as mentioned below : 

 Classical type with apical ballooning (the most common) 

 Reverse apical ballooning  i.e. Hyperdynamic apex with akinesia at the base of the left 

ventricular wall.  

 Mid ventricular type involving the mid left ventricular wall , sparing the base and 

apex.  

 Localized type involving a segment of the left ventricle , usually the anterior wall.  

 

The regional wall motion abnormalities appear first in the cardiac echography and changes in 

ECG appear approximately one day later.  

 

 Microvascular spasm  

The sequence of events are as follows : 

Catecholamine surge → action on the apical sympathetic nervous system fibers → 
microvascular spasm with myocytes-dysfunctioning.   

 LVOT obstruction  

In 10%-50% cases of TCMP , there is an underlying some degree of left ventricular outflow 

tract (LVOT) obstruction. The causal factor to this obstruction is said to be the hyperkinesia 

of the basal segment of the left ventricle. This is a known fact that there is a declining 

coronary perfusion from the basal to the apical zone and therefore , when the apical zone is 

akinetic , the basal zone becomes hyperkinetic.  

Two factors are to be mentioned here : 

(i) The basal hyperkinesia narrows the systolic LVOT creating  a narrow pathway and 

thus , promoting the ‘venturi effect’. The Venturi effect is the reduction in fluid 

pressure that results when there is a flow through the constricted section. LVOT 

obstruction working as a narrowed outlet causes a drop in its blood flow pressure which 

may cause systolic anterior movement of the mitral valve as well with further 

increasing the obstruction.  

 

 

 

 

 

  

(ii) Pre-existing sigmoid-shaped septum – a normal part of the aging process may also 

contribute to  LV obstruction as well to some extent.  

LVOT 
obstruction  

LV  
Apical ballooning  
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Proximal segment   Distal segment   
Narrowed 
segment   

Drop in fluid pressure   

 Fig. 1.3 



 
 

Most of the cases have full recovery with dissolution of this LVOT obstruction but it should 

be kept in mind that this LVOT obstruction is dynamic in nature with a  poor clinical 

outcome with the heart. With LVOT obstruction there may be some serious complications , 

such as CCF or cardiogentic shock. The conventional therapy with ionotropes and / or 

vasopressures to combat the situation with cardiogenic shock may worsen LVOT obstruction 

and can be fatal. Therapy should rather be focused on reducing the LVOT gradient and does 

include the fluid administration to improve preload  and beta-blocker therapy to increase 

diastolic filling time.  

Complications are encountered in some patients , which may include the followings : 

 Mild to moderate Mitral regurgitation 

 Acute left heart failure 

 Dynamic left ventricular outflow tract obstruction, which may lead to CCF or 

cardiogenic shock.  

 LV mural thrombus  

 Ventricular arrhythmias 

 At times even rupture of the ventricular wall 

3. ECG changes associated with Takotsubo cardiomyopathy  

A consideration : ECG changes are the reflection of underlying ‘myocardial stunning’ as a 

result of overwhelming catecholamine surge but the apical dyskinesia and basal hyperkinesia 

recover earlier within a few weeks. At the level of cardiac myocytes there might be some 

biochemical abnormalities like abnormal energy utilization , production of oxygen free 

radicals , abnormal calcium influx associated with some auto-regulatory phenomenon. With 

the resolution of apical dyskinesia and basal hyperkinesia there is an earlier journey towards 

recovery from these deleterious effects within a few weeks.  

The regional wall motion abnormalities appear first on the cardiac echo in most cases and 

changes in the ECG appear subsequently one day later.  

The ECG findings are mainly recorded in precordial leads , at times even may be exteneded 

to limb leads.  

ST elevation  

During the initial stage of myocardial stunning there is a current of injury maximum 

over the subendocardium and thereby , the current flows from subendocardium towards 

epicardium with ST elevation. The ST elevation usually persists for 1 to 3 days i.e. till 

the resolution of this initial acute phase.  

T-wave inversion  

Dynamic and diffuse T-wave inversions are the most consistent ECG findings in 

Takotsubo cardiomyopathy. These T-wave changes are observed during the next 

continuing phase of myocardial stunning lasting for a few weeks.  There is a reversal of 
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repolarization , now from endocardium instead of epicardium – inscribing the change as 

T-wave inversion.  

ST and T changes occur mainly in precordial leads ,  more rarely in limb leads as well. 

The stay of ST segment elevation is shorter whereas that of T-wave inversion is longer.  

This is to be noted that there is no reciprocal changes due to the diffuse involvement of 

left ventricle in Takotsubo cardiomyopathy.  

Q-wave 

There may be the inscription of Q-wave due to associated apical left ventricular 

dyskinesia. The disappearance of Q-waves is assumed to be related to the recovery of   

myocardial motion abnormality without necrosis.  

QTC prolongation reported in a substantial proportion of patients with TCMP. 

 Cardiac arrhythmias  

 Sinus tachycardia due to catecholamine surge  

 Atrial fibrillation is the most common form of arrhythmia despite the TCMP 

being of ventricular origin. It is again presumed to be due to increased 

catecholamine  surge or associated myocytes-dysfunctioning.  

These ECG changes are often dynamic and transient , and their presence or absence depends 

upon when ECGs are recorded after the symptoms onset. That’s why , analysis of ECGs 

over time is considered to be helpful in the diagnosis and management of the patients with 

TCMP.  

4. Differentiation of these ECG changes from STEMI 

Takotsubo cardiomyopathy is very difficult to be distinguished from STEMI and no ECG 

criteria can be safely used to differentiate between these two conditions. However , the 

following points should be considered for the purpose : 

 The amplitude of ST-segment elevation is smaller in patient with TCMP than in 

patient with STEMI.  

 It would be worthwhile to mention here that reciprocal ST-segment changes are 

absent in TCMP.  

 Usually the patient with TCMP presents with diffuse T-wave inversion in the 

background of emotional or physical turmoil.  

 A retrospective case study by Ogura et al demonstrated that higher ST elevation in 

leads V4-V6 compared to V1-V3 with the absence of pathological Q-wave and 

reciprocal changes in the inferior leads showed high sensitivity and specificity to 

differentiate Takotsubo cardiomyopathy from anterior STEMI.  

However , it is very difficult to distinguish TCMP from an ACS on the basis of ECG changes 

alone ; therefore , access to emergency Coronary angiography should never be delayed.  
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5. A diagnostic approach to TCMP 

TCMP induces ischemic chest pain and ECG changes as described are associated with 

moderate elevation of cardiac enzymes with normal coronary arteries on angiography.  

The following points , as suggested by Myo Clinic are usually used as diagnostic criteria : 

 Usually preceding stressful trigger is often present but not always present.  

 Transient dyskinesia of the LV apical and /or mid segment.  

 Regional wall motion abnormalities extending beyond a single epicardial vascular 

distribution.  

 Absence of obstructive coronary disease or angiographic evidence of acute plaque 

rupture.  

 New ECG changes (ST elevation / T-wave inversion) or moderate elevation in cardiac 

Troponin.  

 Absence of pheochromocytoma and myocarditis.  

 

6. Illustration by ECG 

 

 

 

 

 

 

ECG of middle-aged non-diabetic female with h/o of hypertension and depression presenting 

as severe chest pain since 8 to 10 hours. Her Trop I was positive.  

Coronary angiography showed normal coronary arteries.  

ECG Findings :  

 T-wave inversion in  V2-V6 , more over V5-6 (consistent with more apical 

involvement) , extension of T-wave inversion also to limb leads I , aVL including II 

and III.  

 A marked prolongation of QTc interval = 0.67 sec.   

Discussion :  

In the presence of such ECG changes with positive Trop I with normal coronaries in the 

background of depression as stressful event , there is a strong possibility of Takotsubo 

cardiomyopathy (Her follow up ECG did not show any changes at the time of discharge and 

report of cardiac echo not available). 
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7. Concluding remark 

Takotsubo cardiomyopathy should be suspected in any post menopausal women presenting 

with chest pain with the background of emotional or physical stress. ECG changes are usually 

with repolarizing abnormalities – ST and T changes as discussed (ST segment elevation lasts 

shorter whereas T-wave inversion lasts longer). It would be difficult to differentiate 

Takotsubo cardiomyopathy from acute coronary syndrome and suspected cases should be 

referred to hospital. Diagnosis can be confirmed by finding normal coronary arteries on 

coronary angiography.  

The prognosis of Takotsubo cardiomyopathy is usually good , with a mortality rate of 0-8%. 

Most patients have uneventful recovery with regaining of normal ventricular function within 

1-4 weeks and have a good long term prognosis.  
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Introduction  

The ‘Spiked helmet sign’ is an electrocardiographic finding occasionally met with 

critically ill patients characterized  by the elevation of the isoelectric line preceding 

the QRS , followed by a sharp R wave that ending with convex ST segment 

elevation. This so called ST elevation is in fact associated with downsloping 

that begins after the QRS complex and therefore , this should be termed as 

downsloping arm. 

Acknowledgement  

Concluding remark 

Pathophysiology –  certain known facts  

 

Illustration by ECG 

Concerning electrocardiographic findings : an analytic approach 

        Spiked helmet sign (Dome and Spike pattern)  
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‘Spiked helmet sign’ is said to be preterminal wave of the pounding heart –  ventricular QRS 

complex is lifted up as a sharp R wave by two raised arms on either sides.  

O Heart ! This tyranny is not being uttered from within thouself – rather pressed by 

repetitive signals from outside.  

 Possible mechanism is repetitive contraction of the diaphragm in synchronization with 

the cardiac cycle – initiated by repetitive epidermal signals from the chest wall in 

association with nearby pulsatile flow or due to an acute rise in intrathoracic or intra-

abdominal pressure.  

 It is often associated with critical illness with a high risk of mortality.  

This is the story of an anguish filled fire embracing the heart with no fault of its own  –           

a strange curse on the soul. 

 

1. Introduction 

The ‘Spiked helmet sign’ is an electrocardiographic finding occasionally met with critically 

ill patients characterized  by the elevation of the isoelectric line preceding the QRS , followed 

by a sharp R wave that ending with convex ST segment elevation. This so called ST elevation 

is in fact associated with downsloping that begins after the QRS complex and therefore , this 

should be termed as downsloping arm. This electrocardiographic finding was first recognized 

in 2011 by Littmann and Monroe in a case series of eight patients with acute critical illness. 

This sign carries a high risk of impending death. ECG pattern was named as ‘Spiked helmet 

sign’ due to its very much resemblance with Prussian military helmet , the Pickelhaube , as 

illustrated below : 
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‘Spiked helmet sign’ Prussian military helmet 
(Pickelhaube) 

Pickel = ‘ Point’ + haube = ‘Cap’ 

The German military spiked helmet was introduced in 1842 by Friedrich 

Wilhelm IV, King of Prussia. 

(dome-and-spike pattern) 

 Fig. 1.1 



 
 

2. Pathophysiology – certain known facts  

The exact mechanism operating behind ‘Spiked helmet sign’ is still unknown. Certain known 

facts related to this entity are mentioned as below :  

 There are certain non-cardiac pathological conditions known to be associated with 

this sign , e.g. acute rise in intrathroacic or intra-abdominal pressure , sepsis ,  

respiratory distress , subrachoid haemorrhage and anoxic brain injury.   

 
 This abnormal ECG finding with a dome and spike pattern in a critically ill patient is 

red signal pointing towards a very high risk of impending death but the prevalence , 

mechanism and its clinical usefulness are still in darkness at present.  

 
 A possible mechanism involved with this sign is said to be repetitive contraction of 

the diaphragm in synchronization with the cardiac cycle – initiated by repetitive 

epidermal signals from the chest wall in association with nearby pulsatile flow or due 

to an acute rise in intrathoracic or intra-abdominal pressure. The mechanical 

ventilation applied during the acute crisis of the accompanying illness may also have 

its impact here.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 There are certain pathological conditions such as intracranial haemorrhage , sepsis , 

metabolic dearrangement , etc. which cannot be explained by the mechanism as 

discussed above. Even the suggested hypothesis of hyperadrenergic drive is not 

sufficient enough to explain the condition. There is a dire need of further research to 

explain this helmet sign. 

Heart 

Diaphragm  

The repetitive stretch of skin overlying the chest wall → repetitive 

contraction of the diaphragm (in synchronization  with the cardiac cycle) 

→ alteration in ECG pattern , to be recorded as dome-and-spike pattern  
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 Fig. 1.2 

Repetitive epidermal     
signal 

Repetitive contractions 

of the diaphragm in 

synchronization with 

the cardiac cycle  



 
 

3. Concerning electrocardiographic findings : an analytic approach 

The following facts should be considered while interpreting the electrocardiographic findings 

in this context. 

This ‘spiked helmet sign’ is characterized on ECG by the elevation of isoelectric line 

preceding the QRS , followed by a sharp R wave that ends with convex ST segment 

elevation. The so called ST elevation is in fact associated with downsloping that 

begins after the QRS complex and therefore , it should be termed as downsloping arm.  

  

 

 

 

 

 

 

 

 

 
From where the concept of pseudo ST-elevation emerged ? This was initally 

considered to be ST-segment elevation as falsely interpreted by telemetry as a sign of 

MI and the subsequent 12-lead surface ECG with computer interpretition also 

indicated this to be consistent with STEMI. 

(Ref : The “Spiked Helmet” Sign: A New Electrocardiographic Marker of Critical 

Illness and High Risk of Death 

Laszlo Littmann, MD, PhD and Michael H. Monroe, MD 

Mayo Clin Proc. 2011 Dec; 86(12): 1245–1246. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228627/) 

 

This sign is most obvious in the inferior leads but it has also been observed to be 

extended to the other leads as well (This should be noted here that the inferior surface 

of the heart lies in intimate contact with the diaphragm).  

This is not a sign of cardic pathology and  not governed by either cardiac 

depolarization or repolarization – usually a self-limited sign without any traces on 

ECG. Furthermore emergent echocardiogram demonstrates no wall abnormality with 

no cardiac serum markers rise.  
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Spiked helmet sign 

P 
R T 

o By viewing chest leads V1-6 in succession , 

it seems that there is a merging of P wave 

with the uplifted upsloping arm , followed 

by a sharp R wave forming spike-like 

protrusion on the top , and than followed by 

merging of the T-wave with the descending 

arm.   

‘Spiked helmet sign’ 
(dome-and-spike pattern) 

R 

P T 

V1 

V2 

V3 

V4 

V5 

V6 

V5 

(For full ECG please see Page 5) 

Evidence by ECG observation 

 Fig. 1.3  Fig. 1.4 

https://pubmed.ncbi.nlm.nih.gov/?term=Littmann%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Monroe%20MH%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228627/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228627/


 
 

Although the exact mechanism behind it is not fully understood, diaphragmatic breathing, 

synchronization of the cardiac pulse with pulsatile diaphragmatic contractions, and repetitive 

epidermal stretching have all been suggested as potential factors playing a role in the 

development of the sign. 

Ref : 

The Spiked Helmet Sign: A Concerning Electrocardiographic Finding 

Hani Hamade , Ahmad Jabri  , Adnan Yusaf  , Mohamed Farhan Nasser , and  Saima Karim 

J Am Coll Cardiol Case Rep. 2021 Sep, 3 (11) 1370–1372 

https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048#:~:text=The%20spiked%20helmet%2

0sign%20is%20a%20recently%20described%20ECG%20finding,anoxic%20brain%20injury

%20(2). 

 

A hypothetical concept to explain the ‘spiked helmet sign’ (an analytic approach) 

To me, this seems essential to keep the following facts into consideration while exploring the 

mechanism of ‘spiked helmet sign’ : 

 Anatomically the heart is attached to the diaphragm via its pericardium and moves up 

and down with the diaphragm. 

The inferior part of the heart , known as the apex , rests just superior to the 

diaphragm.   

 Synchronization of the cardiac pulse with pulsatile diaphragmatic contractions . 

Postulated mechanism of this pulsatile diaphragmatic motion is said to be the result of 

repetitive epidermal stretching from the overlying chest wall. 

Direct stimulation of the diaphragm by the inferior wall of left ventricle or triggering 

of the left leaf of the diaphragm by the left phrenic nerve is also said to be responsible 

for the left sided diaphragmatic movement.  

 The synchronization of the cardiac pulse with pulsatile diaphragmatic 

contraction , and diaphragmatic breathing in addition seems to be the causative 

factors.  

This synchronized diaphragmatic contraction tends to push the diaphragm downwards 

while a cardiac contraction tends to raise  the heart. This is a sort of tug of war in 

between the heart and diaphragm. There seems a possibility that the heart may be 

raised somewhat higher up , so permitting a time lag before its contraction. The whole 

concept has been illustrated  by the following sketches : 
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 ‘Spiked helmet sign’ 
(dome-and-spike pattern) 

Cardiac contraction 

Diaphragmatic                   
contraction 

The illustration of the entire 
concept by Geometry 

R 

The stylus movement on 

ECG paper , as in accordance 

with , seems to inscribe this 

spiked helmet sign  

 Fig. 1.5  Fig. 1.6 

A hypothetical concept 

Simultaneous 
lifting of the heart 

https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048
https://www.jacc.org/journal/case-reports
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048#:~:text=The%20spiked%20helmet%20sign%20is%20a%20recently%20described%20ECG%20finding,anoxic%20brain%20injury%20(2)
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048#:~:text=The%20spiked%20helmet%20sign%20is%20a%20recently%20described%20ECG%20finding,anoxic%20brain%20injury%20(2)
https://www.jacc.org/doi/10.1016/j.jaccas.2021.04.048#:~:text=The%20spiked%20helmet%20sign%20is%20a%20recently%20described%20ECG%20finding,anoxic%20brain%20injury%20(2)


 
 

4. llustration by ECG  

This ECG  is from Covid +ve patient who died after 10 minutes from its recording  

 

 

 

 

 

 

 

 

 

 

ECG Findings :  

 The pattern of ‘Spiked helmet sign’ is seen over inferior leads mostly obvious over 

leads II and aVF but also extending to other leads such as I , aVR (with mirror image 

inversion) and also over V2-6.   

 

 It is very remarkable to note here that this sign is gradually being more prominent as 

looking towards the lateral precordial leads (being most prominent over lead V5). 

 

 P-waves are not usually visible but here appearing as a tiny wave looking like P prior to 

the onset of ‘spike pattern’ - being observed with clarity over leads  II , III and aVF and 

leads V2-6. And T-waves are also seem to be merged with the descending arm of this 

sign.  

These findings are consistent with ‘Spiked helmet sign’ (dome and spike pattern). 

5. Concluding remark  

This ‘spiked helmet sign’ is a potential ECG marker of very high risk of impending death, the 

sufferer usually dies within a short spell of time usually within 1 to 10 days , as reported by 

Littmann et al. The exact mechanism behind this sign is still in darkness but the existing 

evidence favours that ECG findings are not governed either by cardiac depolarization or 

repolarization. This sign was found to be associated with non-cardiac critical illness as 

Source :  Global Heart Rhythm Forum  : Posted by Dr. Tahir Abouzid on July 19 , 2020 

Dr. Tahir Abouzid  
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described in the previous pages. Development of this ominous ECG pattern in critically ill 

patients should raise a strong suspicion to the existence of this sign. Greater recognition of 

‘spiked helmet sign’ will guide the physicians to consider first acute non-ischemic 

pathogenesis in this context.  
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ELECTROCRDIOGRAPHIC QRS TRANSITION ZONE : 

A BASIC INSIGHT  
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Introduction  

The  QRS complex changeover from predominantly negative to predominantly 

positive or equiphasic R/S deflection over V3-V4 is the way of understanding the 

transition zone.  

This  changeover is in accordance with the direction of the QRS axis on the 

horizontal plane , which during routine interpretition of ECG is not expressed in 

degrees.  

 

 

References 

Concluding remark 

Electrophysiology  

How does the QRS transition zone help the clinicians  

The transition outside of the normal zone is refereed to as either 

counterclockwise or clockwise rotation 

 A concept of rotation  

 Causes  

 Illustration by ECGs 
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Between two countries there is a dividing geographical borderline – on one side the soldiers 

of one country and over the opposite side the soldiers of the other country are always alert 

day and night for the safety of their territories. This border zone can be compared with the 

‘transition zone’ in between right and left ventricle from where the polarity of both the 

ventricles – an electrical changeover can be visioned at a glance.  

O Heart ! the spread of thou current adopt the path of propagation through the specialized 

conduction  tissue  to the ventricles in accordance with the electrical axis.  

 The conduction pathway 

Atria through SA node through AVN-HIS system with its accompanying bundle 

branches  with its ramnification as purkinje fibres. → ventricles  

 The flow of current is recorded as   

Right ventricle (V1-V2) as rS → transition zone (V3-V4) as R/S or rS/Rs→ left 

ventricle (V5-V6) as qR (r/q represents the septal wave). 

This transition zone imparts some useful informations to the clinicians.  

 

 

1. Introduction 

Truly speaking the ‘QRS transition zone’ is said to be located at the site of the lead that 

shows the presence of the positive (R) and negative (S) with equal magnitude. This  

changeover is in accordance with the direction of the QRS axis on the horizontal plane , 

which during routine interpretation of ECG is not expressed in degrees.  

.  
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V1 V2 V3 

V6 

V4 

V5 

R/S with equiphasic 

deflections denotes the 

QRS transition zone. 

The  recording of QRS complexes on the horizonatal plane is somewhat different from that 

of recording over the frontal plane. On the horizontal plane QRS compexes are inscribed 

from right to left chest leads across the myocardium having an intermediate electrical 

transition zone in between two ventricles.  

Fig  1.1 



 
 

Normally R/S with equiphasic deflection is not commonly encountered.  The QRS transition 

zone may be noticed as intermediate zone from where the QRS complex is switched from 

being mostly negative polarity to mostly postive one , while passing through V1 to V6.   

QRS transition zone is usually visioned through the chest leads V3 and V4 as dominance of 

S-wave in lead V3 and dominance of R-wave in V4. 

2. Electrophysiology 

This QRS transition zone depends upon the exact anatomy of the individual’s heart with its 

accompanying electrical axis. This is to be mentioned here that the heart is having a 

wonderful anatomical orientation within the thorax – the right ventricle is located somewhat 

anteromedially and the left ventricle is located somewhat anterolaterally and posteriorly. The 

electrical arc surrounding this anatomical heart dictates the different orientation of the QRS 

patterns from V1-V6 in accordance with its electrical axis. 

 

 

 

 

 

V1/V2 faces right ventricular surface , V3/V4 points towards transition zone and V5/V6 faces 

left ventricular surface.  

 

 

 

 

 

 

There is a sequential flow of electrical activity from V1-V6  -  known as normal R-wave 

progression. By keeping the above mentioned points in mind , the transition zone is said to 

be around V3 or V4 leads.. The  QRS complex changeover from predominantly negative to 

predominantly positive or equiphasic R/S deflection over V3-V4 is the way of understanding 

the transition zone.  
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The polarity of ventricular QRS complex depends upon  : 

o The anatomical orientation of the heart within the thorax 

o This transition changeover is in accordance with the direction of the QRS axis on 

the horizontal plane , which during routine interpretition of ECG is not expressed 

in degrees. Accordingly , the transition zone is inscribed on the horizontal plane.   

 

Fig  1.2 



 
 

3. How does the QRS transition zone help the clinicians  

The location and width of the transisiton zone are considered to be helpful by the following 

consideration : 

 Being the identification mark in between right and left ventricle , it helps in the 

localization of electrical ventricular territory. Right sided leads are having the 

configurtion of usually rS pattern in lead V1- V2 and qR complex in leads V5-V6                 

(R wave amplitude in V5 often taller than V6 due to the attenuating effects of the 

surrounding left lung on lead V6). 
Normal variations include narrow QS  / rSr pattern in V1 and qRs / R patterns in V5 

and V6. 

  

                        

A large equiphasic QRS having R=S in the transition zone indicates 

a balanced state of QRS forces in V3-V4 due to hypertrophy of both 

the ventricles – popularily known as Katz-wachtel phenomenon. It is 

more frequently seen with ventricular septal defect than with any other 

congential anomaly.  

 

 

 Normally QRS complexes and T waves run closely to each other within the range of 

450-600     (QRS-T angle). The transition zone of QRS complexes and of T waves on 

the same ECG are known as double transition zone exhibiting left , right or 

combined ventricular strain in the precordial leads with widening of QRS-T angle.  

(The transition zone in precordial electrocardiograms from multiple sites 

R.H.RosenmanM.D.∗R.W.ReynoldsM.D. 

American Heart Journal 

https://www.sciencedirect.com/science/article/abs/pii/0002870350901839 ) 

4. The transition outside of the normal zone is refereed to as either 

counterclockwise or clockwise rotation 

The mean electrical QRS flow refers to a pattern of ECG changes resulting from its spread 

through the transition zone - not synonymous with the anatomical position of the heart.  

The oblique axis of the heart runs through the transition zone usually V3-V4, its shifting 

towards the right ventricle is termed as counterclockwise rotation and shifting towards the 

left ventricle is known as clockwise rotation. The counterclockwise and clockwise rotation of 

QRS transition zone axis on chest leads are well recognized phenomena.  
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Fig  1.3 

https://www.sciencedirect.com/science/article/abs/pii/0002870350901839#!
https://www.sciencedirect.com/science/article/abs/pii/0002870350901839#!
https://www.sciencedirect.com/journal/american-heart-journal
https://www.sciencedirect.com/science/article/abs/pii/0002870350901839


 
 

‘Several studies have been done to understand the anatomical substrate for these rotations. 

Tahara et al. have made CT-scans of 102 subjects to compare anatomic position of the 

cardiac septum and the electrocardiographic position of the transitional zone. Interestingly 

only 9 of 33 normal subjects had a normal transitional zone, which indicates that clockwise 

and counterclockwise rotation are not necessarily a sign of disease’. 

(Clockwise and Counterclockwise rotation  

https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Counterclockwise rotation :  

The transition zone (around V3/V4) is shifted towards rightwards from electrical point of 

view which results in the left oriented forces towards the more rightward anterior direction so 

that it may appear earlier even through V2 . In other words , electrical activity of the heart is 

turned more to the right side.  
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V1 V2 V3 

V6 

V4 

V5 

Counterclockwise rotation 

Clockwise rotation 

 

 V3 
V1 V6 

Counter 
clockwise 

Mean electrical 
QRS axis 

Causes of counterclockwise rotation: 

 electrical shift to the right 

o right ventricular hypertrophy 

o WPW – Type A syndrome 

o Posterior myocardial infarction 

o Left septal fascicular block  

      (anteriorly directed QRS complex) 

 shift of the hypertrophied septum to the right 

o hypertrophic cardiomyopathy 

 

Fig  1.4 

Fig  1.5 

Counterclockwise rotation is usually the resultant of increased electrical forces towards 

the right ventricle.  

 

https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation
https://en.ecgpedia.org/index.php?title=Chamber_Hypertrophy_and_Enlargment
https://en.ecgpedia.org/index.php?title=WPW
https://en.ecgpedia.org/index.php?title=Posterior_MI


 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clockwise rotation :   

 

The transitional zone (around V3/V4) is shifted towards leftwards  resulting in the right 

oriented forces towards the more lateral direction. In other words , electrical activity of the 

heart is turned more to the left side. 

 

 

 

 

 

 

 

 

 

 

These clockwise rotation is usually the resultant of increased electrical forces towards the left 

ventricle.  

V1 

V2 

V3 

V4 

V5 

V6 

Counterclockwise rotation 
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V3 

V1 V6 

Mean electrical 
QRS axis 

Causes of clockwise rotation: 

 Shift of the heart more towards the left  

o Emphysema  

 Vertical heart (usually thin and tall 

persons) exposing the heart somewhat 

towards the left from the midline.  

 shift of the septum to the left  

o dilated cardiomyopathy  

 Intraventricular conduction delay 

secondary to myocardial degeneration  

o  Right ventricular heart disease  
 

Clockwise 

Fig  1.6 

Fig  1.7 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NB : 

Counterclockwise rotation, the most encountered QRS transition zone , is associated with the 

lowest risk of CVD and mortality ; whereas clockwise rotation is on the reverse gear , 

associated with the highest risk of heart failure and non‐CVD mortality. It is most probably 

that clockwise rotation reflects a higher burden of cardiac structural abnormalities such as 

reduced LV systolic function. There is a dire need to have a further research about this fact. 

Here lies the additional significance of recording the electrical pattern of rotation – 

counterclockwise and clockwise.  

 

Clockwise rotation 

V1 

V2 

V3 

V4 

V5 

V6 
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Fig  1.8 



 
 

5. Concluding remark 

The changeover to the transition zone is always in accordance with the direction of QRS 

electrical flow on the horizontal plane , which during routine interpretation of ECG is not 

expressed in degrees. This QRS complex changeover from predominantly negative to 

predominantly positive or equiphasic R/S deflection over V3-V4 is the way of understanding 

the transition zone. The location of transition zone gives a way to ECG understanding on the 

horizontal plane with more clarity and it also imparts some useful informations to the 

clinicians under certain circumstances , as discussed previously.  

The oblique axis of the heart runs through the transition zone usually V3-V4, its shifting 

towards the right ventricle is termed as counterclockwise rotation and shifting towards the 

left ventricle is known as clockwise rotation. The counterclockwise and clockwise rotation 

are not always necessarily a sign of disease in most of the cases. Counterclockwise rotation , 

the most encountered rotation is found to have the lowest risk of CVD and mortality, whereas 

clockwise rotation is found to be on the reverse gear with the  highest risk of heart failure and 

Non-CVD mortality.  

6. References  

1. CHOU’S  Electrocardiography in Clinical Practice (sixth edition) , P 16 

 

2. LeoSchamorth An Introduction to Electrocardiography (Eighth Adapted Edition) 

Basic principle , P 14-15 

 

3. Counterclockwise and Clockwise Rotation of QRS Transitional Zone: Prospective 

Correlates of Change and Time‐Varying Associations With Cardiovascular Outcomes 

Siddharth Patel,  Lucia Kwak  Sunil K. Agarwal Larisa G. Tereshchenko Josef Coresh 

Elsayed Z. Soliman  and  Kunihiro Matsushita 

Originally published 3 Nov 2017 https://doi.org/10.1161/JAHA.117.006281 

Journal of the American Heart Association. 2017;6:e006281 

https://www.ahajournals.org/doi/10.1161/JAHA.117.006281 

 

4. Cardiac structural and functional profile of patients with delayed QRS transition zone 

and sudden cardiac death  

Aapo L. Aro, Derek Phan, Carmen Teodorescu, Audrey Uy-Evanado, Kyndaron 

Reinier, Karen Gunson, Jonathan Jui, Heikki V. Huikuri, Sumeet S. Chugh 

EP Europace, Volume 19, Issue 4, April 2017, Pages 629–635,  

https://doi.org/10.1093/europace/euw040 

Published: 19 March 2016 

https://academic.oup.com/europace/article/19/4/629/2952280 

 

 

| 26 

https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
https://doi.org/10.1161/JAHA.117.006281
https://www.ahajournals.org/doi/10.1161/JAHA.117.006281
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1093/europace/euw040
https://academic.oup.com/europace/article/19/4/629/2952280


 
 

5. Abnormal electrocardiographic QRS transition zone and risk of mortality in individuals 

free of cardiovascular disease 

Natalie Bradford,1 Amit J. Shah,2 Andrew Usoro,3 Wesley K. Haisty, Jr,1 and  

Europace. 2015 Jan; 17(1): 131–136. Published online 2014 Jun 17.   

Articles from Europace are provided here courtesy of Oxford University Press 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4342670/ 

 

6. The transition zone in precordial electrocardiograms from multiple sites 

R.H.RosenmanM.D.∗R.W.ReynoldsM.D. 

American Heart Journal 

Volume 40, Issue 6, December 1950, Pages 867-876 

https://www.sciencedirect.com/science/article/abs/pii/0002870350901839 

 

7. ECG QRS transition (Osmosis from ELSEVIER) 

https://www.osmosis.org/learn/ECG_QRS_transition 

8. R wave transition 

https://gpnotebook.com/simplepage.cfm?ID=x20100517151120260465 

9. Clockwise and Counterclockwise rotation - ECGpedia 

https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Nor

mally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20ro

tation. 

10. Clockwise and Counterclockwise rotation  

https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation 

 

 

 

 

 

 

 

 

 

| 27 

https://pubmed.ncbi.nlm.nih.gov/?term=Bradford%20N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shah%20AJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Usoro%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Haisty%20WK%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4342670/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4342670/
https://www.sciencedirect.com/science/article/abs/pii/0002870350901839#!
https://www.sciencedirect.com/science/article/abs/pii/0002870350901839#!
https://www.sciencedirect.com/journal/american-heart-journal
https://www.sciencedirect.com/journal/american-heart-journal/vol/40/issue/6
https://www.sciencedirect.com/science/article/abs/pii/0002870350901839
https://www.osmosis.org/learn/ECG_QRS_transition
https://www.osmosis.org/learn/ECG_QRS_transition
https://www.osmosis.org/learn/ECG_QRS_transition
https://gpnotebook.com/simplepage.cfm?ID=x20100517151120260465
https://gpnotebook.com/simplepage.cfm?ID=x20100517151120260465
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Normally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20rotation.
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Normally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20rotation.
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Normally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20rotation
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Normally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20rotation
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation#:~:text=Normally%20the%20R%20wave%20amplitude,this%20is%20called%20clockwise%20rotation
https://en.ecgpedia.org/wiki/Clockwise_and_Counterclockwise_rotation


 
 

 

 

 

 

 

 

 

 

 

 

 

DIFFUSE ST DEPRESSION WITH ST 

ELEVATION IN LEAD aVR :  

A DIAGNOSTIC DILEMMA 



 
 

 

 

 

 

DIFFUSE ST DEPRESSION WITH ST ELEVATION IN LEAD aVR  :  

A DIAGNOSTIC DILEMMA 

ECG 

DR. D.P. KHAITAN 

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

 

OUTLINE 

Introduction  

Subendocardium is more vulnerable to injury due to the systolic compressive effect 

on coronary circulation.  

Concluding remark 

A concept of normal ST segment and related phenomena on ECG 

 The inward Ca2+ flow and outward K+ flow currents are 

approximately equal but with reverse polarity on either side.  

 The intracellular Ca2+ initiates ‘excitation-contraction coupling’.  

 
Current of injury : systolic and diastolic 

The systolic current of injury runs from the normal tissue to the ischemic 

tissue , inscribing ST segment depression (the current flows over the 

opposite direction). 

References 

ST segment depression due to subendocardial ischemia 

The subendocardial ischemia could not be localized on ECG. ST depression 

due to subendocardial ischemia is having a widespread representation on 

ECG with ST elevation in aVR. 

 
Differential diagnosis of ST segment depression  

Illustration of an interesting case to signify the pattern of ST depression  
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Diffuse ST depression  with ST elevation in lead aVR  :                                       

A diagnostic dilemma 

                             
 

 

The glorious is the protection to the heart through the coronary circulation by milching its 

nutrition. O Heart , thou grow with forceful strength - the luminous spark in its splendour 

leading to the sweet journey of life.  

Whenever the hero art of thy vascular circulation gets disturbed by the assault of occlusion , 

the city of Heart suffers from its jolt. Thou electrical flow with down-graded luminosity 

might be reflected on 12-lead ECG as ST depression – a signal-warning to the clinicians.  

 

1. Introduction     

Coronary artery is the main distributor of oxygen and nutrients to the heart , even its non-

transmural occlusion can have serious implications which may lead to injury  to the heart : 

subendocardium is more vulnerable to injury due to the systolic compressive effect on 

coronary circulation.   

 

 

 

 

 

 

 

 

 

 

 

These changes are reflected on 12-lead ECG by ST segment depression. Its proper 

recognition opens the door to diagnose such clinical situations.  

2. A Concept of  normal ST segment and related phenomena on ECG 

It would be interesting and knowledgeable to have a concept of ST segment genesis in a 

healthy population. The following points are to be noted for the purpose : 

 During the phase 2 of ventricular action potential : the isoelectric line , so 

called ST segment genesis takes place due to the transient increase in inner Ca2+ 

conductance and by outside increase in K+ conductance. During this phase 

outward and inward currents are approximately equal but with reverse polarity on 

either side. Thus, this isoelectric line of ST segment comes into existence. 

 The intracellular Ca2+ initiates ‘excitation-contraction coupling’ resulting in 

harmonized myocardial contraction (systolic phase). 

 Due to systolic pressure ,  more over the subendocardial zone there is a 

extravascular compression on subendocardial blood vessels leading to less 

coronary flow during systole , compared with that of diastole but not upto the 

extent of myocardial injury in a healthy person. 

| 29 

                                                                                                           DR. D.P. KHAITAN 

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

 

A Narrative Review  

 Subendocardium is having its 

proximity to the high pressure LV 

chamber.  

 The distance from the epicardial 

coronary arteries that penetrate to 

the endocardium have to travel a 

longer distance to pass through 

the high pressure left LV 

chamber.  Fig. 1.1 

 



 
 

ST segment comprises of the two physiobiochemical components : 

 The inward Ca2+ flow and outward K+ flow currents are approximately equal 

but with reverse polarity on either side.  

 The intracellular Ca2+ initiates ‘excitation-contraction coupling’.  

 

 During phase 3 of the ventricular action potential : there is a further outward 

movement of K+ ions with the closing of Ca++ channels – being  reflected on ECG 

in the form of positive T wave.  

The entire concept can be illustrated with the following sketch : 

 

 

 

 

 

 

 

 

 

 

 

The ST segment is the flat isoelectric line on ECG between the end of S wave (the J point) 

and the beginning of the T wave .  

Once the repolarization phase is completed  the Phase 4 comes in action during which there 

is again resumption of polarized isoelectric phase having the original positivity over the outer 

surface and negativity over the inner surface of the cardiac membrane (with the help of 

Na+/K+ATPase pump). This phase on ECG is reflected as TP segment.  

3. Current of injury  : systolic and diastolic  

During the depolarization phase the ionic flow of current from endocardium to the 

epicardium gradually causes the negativity over the outer surface of the cardiac membrane 

and positivity over the inner surface – a journey towards completely depolarized state , being 

maintained during the plateau phase 2. 
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This isopotential state of phase 2 is also known as plateau phase and due to the absence of 

potential difference across the membrane there is no deviation of this straight line on either 

side i.e. the inscription of ST segment is normally without any deviation. This is also a 

known fact that after the completion of the repolarization phase , the cardiac membrane again 

resumes its normal polarity (complete positivity over outer side and completely negativity 

over the inner side). Therefore, normally there is no potential difference either during 

the plateau phase (corresponding to ST segment) or during the diastole phase 

(corresponding to TP segment). 

 

Due to partial / subtotal coronary occlusion  there is a disturbed polarity of balance during the 

plateau phase - the current of injury is created over the subendocardial zone. The injured area 

is defined as localized jeopardized myocardium having negatively charged cardiac 

membrane, compared to the healthy myocardium in vicinity. Therefore , the injury current 

arises at the junction of jeopardized myocardium and healthy myocardium , creating a 

potential difference at its junction.  This potential difference creates ‘systolic current of 

injury’. This systolic current of injury will run from the normal tissue to the ischemic tissue. 

The ischemic tissue is subendocardium and the normal tissue is subepicardium. The positive 

electrode overlying the areas will record a current during phase 2 travelling away from the 

body surface (epicardium to endocardium) and ST depression is the resultant.  

 

 

There is a potential difference also in between injured negative zone and healthy positive 

zone with upward shift of TP segment. This is known as  diastolic current of injury. 

 

This subendocardial systolic current of injury causes the ST segment depression downward 

and diastolic current of injury a somewhat upshift of the TP segment. ECG machine is 

automatically tuned  to shift the TP segment to the baseline. Only the systolic current of 

injury is recorded as ST depression.   

The systolic current of injury associated with subendocardial myocardium is illustrated  

below : 
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Fig. 1.5 
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With the following sketch the current of injury – systolic (Phase 2) with ST depression and 

diastolic (Phase 4) with somewhat TP elevation have been well illustrated as below :  

 Systolic current of injury during phase 2 : due to the potential difference in 

between the injured zone and healthy zone – negativity over the injured area 

compared to the healthy one causing downward shift of ST segment.  

 Diastolic current of injury during phase 4 : Potential difference in between injured 

negative zone and healthy positive zone with upward shift of TP segment.  

 

TP segment is automatically adjusted to baseline by the ECG machine. The machine 

will always adjusts the TP segment to 0 mv , as illustrated by the following sketches. 

Only the systolic current of injury as ST segment depression is recorded on ECG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  ST segment depression due to subendocardial ischemia 

The resultant ST segment depression caused by subendocardial ischemia is basically 

characterized by a horizontal or downsloping ST segment.  North American and European 

guidelines concerned with the present context say that ST segment must be either 

downsloping or horizontal ; otherwise ischemia is unlikely to be the cause of the ST segment 

depression.   
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Injured subendocardial zone  

The diastolic current of injury : The TP segment is considered as the baseline isoelectric 

line. Due to the automatic shifting of the TP segment to the baseline by the ECG machine 

one is not in a position to observe any effects on the TP segment on ECG. The only change 

during the subendocardial ischemia is reflected over the ST segment , as its depression.  

(Automatic shifting of TP segment 

to the baseline by the ECG machine)  Fig. 1.6 
 

Phase 4  

Phase 2 
True Isoelectric Line 

Apparent Isoelectric Line 



 
 

Both the horizontal and downsloping ST segment depressions are well illustrated by the 

following sketch : 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Morphology of ST depression  

  

 Horizontal or downsloping ST segment depression > 0.5 mm at the J-point > 2 

contiguous lead points towards myocardial ischemia , usually of subendocardial 

origin.  

 ST depression > 1 mm is rather more specific having a worse prognosis.  

 ST depression > 2 mm in  > 3 leads is usually associated with a higher possibility of   

Non-ST elevation myocardial infarction. ST depressions in NSTEMI are frequently 

accompanied by T inversions or flat T waves , but the primary ECG finding is the ST 

segment depression.  

 

Horizontal ST segment depression Downsloping ST segment depression 

Horizontal ST depression  
with a sharp angle in between ST segment and T wave. This is the 
earliest expression of ST segment in myocardial ischemia  
(lesser systolic compression on the coronary circulation).  
 

Downsloping ST segment depression 
The ST segment depressed below the isoelectric line at its origin and 
then it slops further downwards  
( somewhat more systolic compression on the coronary circulation).  
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Fig. 1.7 
 

Fig. 1.8 
 



 
 

 Upsloping ST segment (non-specific) is rarely caused by ischemia. It is usually 

physiological in nature , seen in normal persons usually during physical exercise and 

resolves rapidly once the exercise is stopped.  

 

Diffuse ST segment depression with STE in aVR  

The subendocardial ischemia could not be localized on ECG. ST depression due to 

subendocardial ischemia is having a widespread representation on ECG with ST elevation in 

aVR. 

 

 

 

 

 

 

 

 

This subendocardial ischemia may result due to the following conditions : 

 Subendocardial ischemia related to mismatch in between demand and supply 

phenomenon , such as hypotension , blood loss , shock , etc. At times due to 

associated supraventricular tachycardia.  

 Such diffuse ST depression may be typical of partial / subtotal occlusion – LMCA , 

triple vessel disease or occasionally just LAD. 

The partial /subtotal coronary occlusion in such vessels would result in a widespread 

ST depression with ST elevation in aVR even of  0.5 mm.  

Cardiac coronary X syndrome can be defined as anginal-chest discomfort on exercise 

with diffuse ST depression with normal epicardial coronary arteries on angiography.  

5. Differential diagnosis of ST segment depression  

It would be worthwhile here to mention some important causes of ST segment depressions 

other than myocardial ischemia : 

 Normal physiological ST segment depression :  

upsloping ST segment depression usually during exercise and rapidly disappears once 

the exercise is stopped.  

 Hyperventilation :  

very similar to ST depression during physical exercise.  

 Secondary ST segment depression associated with abnormal depolarization 

(QRS complex) :  

e.g. Left or right ventricular hypertrophy , left or right bundle branch block ,           

pre-excitation pattern , artificial pacemakers , etc.  

The abnormal ventricular depolarization results in abnormal repolarization , that’s 

why , these ST and T changes are referred to as secondary changes.  

 Heart failure :  

Heart failure itself may also cause ST segment depression particular over left sided 

leads (I, aVL and V5-6) 
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The basis  

‘ST elevation in aVR is reciprocal to diffuse ST 

depressions in the rest of the limb leads (I , II , III, 

aVL and aVF ) and also in the chest leads except V1 

which has also mild ST elevation (STE elevation in 

aVR>V1). These ST depressions are due to partial / 

subtotal coronary insufficiency – not total.’ 

Fig. 1.9 

 

 
 



 
 

 Supraventricular tachycardia : 

Causes a transient dismatch in between coronary supply and demand and so might be 

associated with transient ST segment depression, which resolves on the cessation of 

tachycardia. There might be an association of mild ST elevation over aVR. 

 Sympathetic stimulation by any cause. 

 Hypokalemia usually associated with prolonged QT interval due to the merging of U 

wave with T wave.  

 Digoxin : Downsloping ST depression with reverse check sign.  

6. Illustration of an interesting case to signify the pattern of ST     
depression 

47 years old female with exertional chest pain and dyspnea , no risk factors , TMT showing 

significant ST-T changes starting from stage 1 (basal ECG was normal) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TMT ECG Findings :  

 These tracings  are at peak exercise showing diffuse ST depression with ST elevation 

>1 mm in aVR. 

 

Differential diagnosis :  

By considering the above changes on TMT with the background of exertional chest pain and 

dyspnea in a 47 years old female , the followings differential diagnosis were considered : 

 Diffuse global subendocardial ischemia (mismatched supply and demand). 
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Source :  CME INDIA on 05.07.2022  (Dr. Varun , DM Card , Orchid Ranchi) 
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 Such diffuse ST depression may be typical of partial / subtotal occlusion – LMCA , 

triple vessel disease or occasionally just LAD. 

Cardiac coronary X syndrome. 

Coronary angiography  

Was planned by Dr. Varun , DM Card with the revelation of the following findings :  

‘In distal LAD it is looking like that the artery is dipping down in the myocardium , what is 

called myocardial bridging … so , coronary angiography always keeps me fascinating i.e. 

what we see in Non-invasing testing , things get completely changed when we do invasive 

testing. 

The case was also discussed by Dr. Deepak Gupta , DM Card , Ranchi with the following 

comment : 

It is cardiac syndrome X define by  

1. Typical angina 

2. Non invasive test positive for inducible ischemia  

3. Epicardial coronary artery normal Also called Microvascular angina …This syndrome 

is common in relatively young female.  

‘Very low grade LAD bridging here’. 

Dr. Varun , DM Card also discharged the  patient with the same diagnosis of cardiac 

syndrome X.  

Discussion : 

  

 

 

 

 

 

 

 

 

 

 

 

 

Symptoms suggestive 

of anginal pain                  

(Rest ECG normal) 

TMT  

Diffuse ST depression with ST 

elevation >1 mm in lead aVR 

Comparatively younger female  

Invasive coronary angiography  

Normal epicardial coronary arteries 

with low grade of myocardial bridging  

in the distal LAD   

 Diffuse global subendocardial 

ischemia 

 Subtotal vascular occlusion -

LMCA , triple vessel or 

occasionally LAD. 

  Cardiac syndrome X .  

Cardiac syndrome X  

Fig. 2.0 
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7. Concluding remark  

 In clinical practice it becomes essential to appreciate the pattern of ST segment 

depression in a person with symptoms of coronary artery disease. Subendocardial 

ischemia damages some of cardiac cells. Loss of coronary circulation to the 

Jeopardized area of myocardium results in severe hypoxia which is responsible for 

diminished quantum of ATP in the affected cells with disregulation of ionic transport 

systems in the cell membrane , resulting in subendocardial injury with diffuse ST 

depression.   

 

 It should also be mentioned here that subendocardial vulnerability due to partial / 

subtotal reduction in perfusion stems primarily from differences in vascular 

compliance induced by transmural differences in both extravascular loading and 

vessel wall thickness.  
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POOR R WAVE PROGRESSION (PRWP) ON ECG : 

ILLUMINATES THE SEER TOWARDS THE DIAGNOSTIC APPROACH 

ECG 

OUTLINE 

Introduction  

Poor R wave progression (PRWP) is relatively a common  ECG finding in 

adults. This is  observed when the expected normal increase in R wave 

amplitude does not occur in successive chest leads - V1 through V6. 

A few ECG illustrations 

Concluding remark 

PRWP is associated with adverse prognosis in the general population 

and even SCD in subjects with CAD.  

 

Poor R wave progression  

R wave progression starts at transition zone – the main impact is on lead V3 

, resulting in  R wave < 3 mm. 

Electrophysiological basis  

The basic electrophysiological principle behind the phenomena of PRWP is 

either due to diminished anteriorly directed electrical force or its deviation 

on either side of the precordium.  

 

References 

Causes of poor R wave progression  

There are many different causes of PRWP.  This finding alone on ECG is 

not sufficient in identifying its underneath cause. 
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The way of forwarding the steps towards meeting the goal in life is not always straightway. It 

is in the starting that dictates the further steps how to proceed on. This may be termed as the 

pathway of individual progression , which may vary from individual to individual.    

O Heart ! Thou electrical steps are not always running as per the inscribed model of normal 

progression . Thou might deviate at times : 

 Poor R wave progression points towards the absence of a normal increase in the size 

of R wave when advancing through leads V1 to V6.  

 This electrical alteration hints towards something going wrong within –                              

either misplacement of chest leads or something else.  

The failure of its detection on ECG may fire ‘misdiagnosis’ which may even cost the life of 

the patient.  

 

 

1. Introduction 

Poor R wave progression (PRWP) is relatively a common  ECG finding in adults. This is  

observed when the expected normal increase in R wave amplitude does not occur in 

successive chest leads - V1 through V6. It is having its own significance in the field of 

cardiology. There is a dire need of understanding this electrocardiographic phenomenon.  

Normal R wave progression in chest leads needs to be visioned by having the concept of 

PRWP.  

Normal chest leads on ECG show an rS-type complex in V1-V2 with a steady increase in the 

relative size of the R wave towards the left chest with a relative decrease in the S wave 

amplitude. Leads V5 and V6 generally show qR/Rs-type complex (R wave amplitude in V5 

often taller than V6 because of the attenuating effect of the left lung on R in lead V6). 
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Poor R wave progression (PRWP) on ECG : 

Illuminates the Seer towards the diagnostic approach 

| 39 

 

rS 

V1 V6 
V3-4 

qR/Rs 

rS/Rs 

(Transition zone) 

Normal R wave progression 

Normally the height of R wave becomes 

progressively taller from lead V1 through V6 

 V1-V2 : R wave of low amplitude and S wave 

of more depth (R/S <1) 

 V3-V4 (Transition zone)  rS/Rs  

(the R wave height > 3 mm in V3) 

 Onwards R wave amplitude is gradually more 

compared to S wave       qRs/Rs in leads               

V5-V6. 

 Fig. 1.1 



 
 

2. Poor R Wave progression 

This phenomenon of PRWP points towards the absence of normal increase in the size of R 

wave when  advancing through lead V1 to V6. 

Poor R wave progression has been defined as follows : 

 Failure of the R wave to progress in amplitude at transition zone (R<3 mm in V3) 

OR 

 Reversal of this progression (R in V2>V3) provided R wave amplitude in V3 is 3mm 

or less 

OR 

 Delayed transition beyond V4 

Some studies have included reverse R wave progression as a type of PRWP. This Reverse       

R wave progression is characterized by decreasing R wave amplitude in a way that the R 

wave in lead V4 is smaller than the R wave in V3, or the R wave in V3 is smaller than the R 

wave in V2, or the R wave in V2 is smaller than the R wave in V1 (or any combination of 

these) –provided that the R wave amplitude in V3 is 3 mm or less. 

It should be noted that reverse R wave progression is often created by technician error when 

there is a exchange of nearby two mutual chest leads , eg. leads V2 and V3 or V3 and V4 are 

mistakenly reversed. 

In the literature definitions of poor R wave progression have been found to be variable by its 

diagnostic criteria , such as R wave less than 3 mm in leads V3 or V4 and/or the presence of 

reversed R wave progression defined as R in V4 <R in V3 or R in V3 <R in V2 or R in V2 < 

R in V1 (or any combination of these) or even delayed transition beyond V4, as illustrated by 

the following sketch. 

.  

 

 

 

 

 

As per literature the average incidence of PRWP ranges from 11.37% to 16.08% depending 

upon the population  under survey and criteria of its being diagnosed.  

Definitions may vary from study to study and it may also vary from one computerized ECG 

analysis system to another.  

All the above points should be kept into consideration when studying this phenomenon of 

PRWP.   

 

V1 V6 
V3-4 

Transition zone 

Poor R wave progression 

 Failure of the R wave progression in amplitude 

at transition zone (R<3 mm in V3) 

OR 

 Reversal of this progression (eg. R in V2>V3) 

OR 

 Delayed transition beyond V4 
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 Fig. 1.2 



 
 

3.  Causes of Poor R wave progression 

There are many different causes of PRWP , this finding alone on ECG is not sufficient in 

identifying its underneath cause. Such ECG should always be interpreted in the light of the 

clinical scenario in toto.  

Recent studies have demonstrated the poor R wave progression are commonly encountered 

with the following conditions.  

 

 

 

 

 

 

 

 

 

4. Electrophysiological basis  

The basic electrophysiological principle behind the phenomena of PRWP is either due to 

diminished anteriorly directed electrical force or its deviation on either side of the 

precordium.  

 

 

                                                    

 Loss of anatomical myocardial mass as in anteroseptal / anterior MI or dilated 

cardiomyopathy 

 As a normal variant in adult population. 

 

                                                                                                  

 If there is a mutual exchange of two chest leads by technician error in such a way 

that the lead having a higher R amplitude is placed before the lead having the 

lower R amplitude  (eg. lead V3 is exchanged with lead V2). 

 True Dextrocardia 

 

                                                    

 Left anterior fascicular block (LAFB) and left bundle branch block (LBBB) - 

when the left anterior fascicle is blocked, conduction goes more posterior, with a 
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 Chest leads misplacement (false positive PRWP) – it must be checked first 

 Anteroseptal  or Anterior myocardial infaction (old or new)  

 Dilated cardiomyopathy  

 Left anterior fascicular block /LBBB 

 Ventricular chamber hypertrophy – left/right  

 Miscellaneous causes : such as dextrocardia , emphysema , tension pneumothorax. 

 A variant of normal with diminishing anterior forces , but after excluding all the 

possible causes of PRWP.  

 

Rightward deviated electrical force 

Leftward deviated electrical force 

Diminished anterior electrical force 



 
 

delayed transition on the horizontal plane and when the entire left bundle branch 

is blocked , septal depolarization is reversed and goes more from right to left -

with the loss of anterior R wave.   

 Pseudo-perception of leftward deviation as with pulmonary emphysema and 

tension pneumothorax.  

The air collection in emphysema and left pneumothorax may overlie on the 

anterolateral aspect of the heart resulting in its much diminution in the amplitude 

of QRS complexes say over V4-6.  Likewise right-sided pneumothorax may push 

the heart towards the opposite side resulting in the recording of poor R wave 

progression.  

 

 Ventricular chamber hypertrophy – left / right.  

This may happen that Left ventricular hypertrophy (LVH) and right ventricular 

hypertrophy (RVH) in either case , normal position of the ventricle is displaced - 

in case of LVH displaced posteriorly exposing the right ventricular complex 

anteriorly and in RVH there is more turning of right ventricle towards leftwards. 

In both the conditions right ventricular complexes occupies the anterior chest 

with poor R wave progression on ECG.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At times  computer generated record may label the normal variant of PRWP as  anterolateral / 

anterior myocardial infarction. Its missed interpretation may cause more harm , creating 

anxiety in the minds of clinician and patient both.  

Rightward deviated 

electrical force 

Diminished anterior 

electrical force 

 Anteroseptal / anterior 

MI 

 Dilated cardiomyopathy 

 As a normal variant in 

adult population  

 

 Chest lead misplacement 

 Dextrocardia 

 

Leftward deviated 

electrical force 

 LAFB / LBBB 

 Pseudo perception  

Pulmonary emphysema 

and tension pneumothorax 

 Ventricular hypertrophy – 

left / right  

 

Chest Wall 
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 Fig. 1.3 



 
 

Thus , the  clinicians should eliminate this computer generated error by the utilization of 

certain principles , as laid down below : 

 

Anteroseptal or anterior wall myocardial infarction  

Those with such diagnosis with poor R wave progression correlate with larger infarct size and 

lower LV function. To be sure about the presence of AMI solely on the criteria of PRWP has 

a little usefulness unless and until is supplemented by the other findings – 

 

 Acute Q waves or new loss of R waves (as a Q wave equivalent) 

 The evaluation of QRS and T ratio in the case of recent loss of R wave : 

the hyperacute T waves indicate acute coronary occlusion (T/QRS in V4 > 0.36) and 

further confirmation by accompanying dynamic changes on ECG. 

 

 Up to 85% of patients with old anterior myocardial infarction and poor R wave 

progression have either an R wave in lead I of 4 mm or less or an R wave in lead V3 of 

1.5 mm or less 

 With poor R wave progression - additional presence of old Q , ST-T wave 

abnormalities point towards  a diagnosis of old anterior myocardial infarction. 

(average length of time for the complete disappearance of the abnormal Q wave is 1.5 

years). 

Patients with diminished total R wave voltage have significantly reduced LV 

dysfunction with a worst prognosis.   

5.  A few ECG illustrations 

ECG 1 :  Anteroseptal MI  after thrombolysis  

 

 

 

 

 

 

 

Impression :  

 R wave amplitude in V3 is nil due to the presence of Q wave therein  

    (R wave in V4<3mm) 

 Q wave V1 to V4 with mild ST elevation upto V5. 

 

 

| 43 

New 

Old 

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



 
 

ECG 2 :  Recent anteroseptal MI (40 years male with history of acute chest pain) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impression :  

 Q wave with ST elevation and tall T in leads V1-V4. 

 T / QRS in V4 > 0.36 in V4 indicating recent loss of R wave.  

 

ECG 3 :  Dilated cardiomyopathy (Middle aged lady presenting with Breathlessness)  

 

 

 

 

 

 

 

Impression :  

 Low voltage QRS in limb leads plus poor R wave progression in chest leads 

 Atrial fibrillation with fast ventricular rate  

I 

II 

III 

aVR 

aVL 

aVF 

V1 

V2 

V3 

V4 

V5 

V6 

Source : Dr. D.P Khaitan  , Senior Consultant in Medicine , Gaya (Bihar) 

Source :  Prof. Dr. A.N. Rai , Former Prof. & Head Medicine and Principal ANMMCH , Gaya Bihar ; Chairman AIMS, Gaya   
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ECG 4 :  Left anterior fascicular block  

 

 

 

 

 

 

 

Impression :  

 r/S in inferior leads II , III & aVF with left axis deviation (QRS axis = - 450) 

 A delayed transition at V6 – conduction goes more posteriorly on the horizontal plane 

 

ECG 5 :  Left bundle branch block   

 

 

 

 

 

 

 

 

 

 

Impression :  

 When the entire left bundle branch is blocked , septal depolarization is reversed from 

right to left - with loss of anterior R waves – producing poor R wave progression in this 

ECG. 

 

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

Source :  Dr. D.P Khaitan  , Senior Consultant  in Medicine, Gaya (Bihar) 
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ECG 6  (40 years male with sudden onset of breathlessness and chest pain)   

 

 

 

 

 

 

 

 

 

Impression :  

 There is a decrease in the amplitude of R wave over V4-6 with sinus tachycardia 

suggests left pneumothorax.  

 Chest X-ray PA view is also suggestive of Left pneumothorax   

(The air collection in left pneumothorax overlies over the anterolateral aspect of the heart 

resulting in much diminution in the amplitude of QRS complexes over V4-6) 

 

 

 

 

 

 

 

 

 

 

 

 

Source :  CME INDIA  on 18.06.2022  by Dr. Bhanu Pratap Singh , Senior Consultant  in Medicine , Siwan (Bihar) 
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Chest X-ray PA view : Left pneumothorax 

with rightward mediastinum shift 



 
 

6.  Concluding remark 

 
Poor R wave progression is relatively a common ECG finding in adults. Its proper 

recognition based on the morphological criteria of R wave progression should be 

properly instituted to diagnose this electrocardiographic entity.  

 

The basic electrophysiological principle behind the phenomena of PRWP is either 

due to diminished anteriorly directed electrical force or its deviation on either side 

of the precordium.  

 

There are so many different causes of PRWP. 

If PRWP is found to be present on ECG , the first attempt must be directed towards 

the exclusion of misplaced chest leads done by the technician error before 

attributing it to the other causes. Misdiagnosis may do more harm than good , 

creating the economic burden to the patients with the generation of anxiety as well. 

Therefore , this misplacement of chest leads must be diagnosed first and corrected 

accordingly. Following an educational guidelines to the technicians , the proportion 

that achieved correct placement of any lead was drastically corrected from 34% to 

83%. 

 

PRWP is associated with adverse prognosis in the general population and even SCD 

in subjects with CAD.  
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RECIPROCAL CHANGE ON ECG : 

REVEALING THE STORY OF 

UNDERNEATH STEMI 
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RECIPROCAL CHANGE ON ECG : 

REVEALING THE STORY OF UNDERNEATH STEMI 

ECG 

OUTLINE 

Introduction  

Reciprocal change is defined as ST-segment depression >1 mm in at least 

2 leads in a single anatomic segment , occurring onto the contralateral 

side , as a mirror-image effect of ST-segment elevation associated with 

STEMI 

Localization of a culprit artery in STEMI by the combined criteria of 

ST elevation and ST depression (based on ‘ECG man model’) 

 ST depression over the inferior leads (II III aVF) 

 ST elevation over the inferior leads (II III aVF) 

 

Concluding remark 

 

Reciprocal change supports STEMI diagnosis – what else associated 

informations it imparts 

 Reciprocal ST segment depression may the only predictive sign on 

ECG as a diagnostic pointer to STEMI 

 ST depression may remain as a dominant sign pointing to subtle ST 

elevation or hyperacute T wave 

 Indicating high risk patient 

Mechanism 

 A mirror like reflection of ST segment elevation  

 Concomitant subendocardial ischemia  

 

References 

ST segment deviation in lead aVR 
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I look at the mirror and mirror looks to me through my image – one is true and other is the 

false projection.  

O Heart thou being wise like the mirror reflect thy imprint of injury onto thy contralateral 

side – both weep together – one is with true tears and other only shares the mirror reflection 

of those tears. 

 Reciprocal change is very important ECG finding which supports the diagnosis 

of STEMI with specificity and  positive predictive value of 93%. 
 

 ST segment elevation is mirrored as ST segment depression onto the 

contralateral side in at least two leads in a single anatomic segment on an ECG. 

This has opened a new horizon of  thinking to the clinicians in the setting of STEMI.  

 

1. Introduction 

Acute injury pattern is an electrocardiographic term that commonly denotes an abnormal ST 

segment elevation. The most common cause of such injury current is acute myocardial 

infarction. The very hallmark ST segment elevation in acute MI may be accompanied with 

reciprocal ST segment depression onto the contralateral side , which supports STEMI 

diagnosis as an extra criterion.  

Reciprocal change is defined as ST-segment depression > 1 mm in at least 2 leads in a 

single anatomic segment , occurring onto the contralateral side ,  as a mirror-image 

effect of ST-segment elevation associated with STEMI.   

The recognition of such reciprocal ECG change in combination with the classical ST segment 

elevation can supplement the diagnosis of coronary artery occlusion. This would be 

worthwhile to mention here that the concept of reciprocal change cannot be entertained in 

a patient who is exhibiting the following patterns on ECG : 

left bundle-branch block, right bundle-branch block, right ventricular paced rhythm from an 

implanted pacemaker or left ventricular hypertrophy with strain , etc. – resulting in ST 

depression rather due to secondary repolarization abnormalities.  

In a patient with acute ST segment elevation with no otherwise cause for this , the presence of 

simultaneous ST segment depression has a specificity and positive predictive value of 93% 

for the diagnosis of acute myocardial infarction.  

 

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

Reciprocal change on ECG : 

Revealing the story of underneath STEMI 
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The concept of such reciprocal change may be clarified by the following illustration on ECG: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here  inferior STEMI produces reciprocal ST segment depression in aVL. 

 

 

 

 

 

 

 

2. Reciprocal change supports STEMI diagnosis – what else 

associated informations it imparts  

 
 Reciprocal ST segment depression may the only predictive sign on ECG as a diagnostic 

pointer to STEMI.   
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A basic concept : 

A group of lead systems – eg. aVL // II III aVF –  acute occlusion MI as ST segment 

elevation on one half  of the hexagonal lead system is being reflected as a mirror image ST 

segment depression onto the contralateral opposite side.  

Lead aVL is almost contralateral to leads II III and aVF.  

The 12-lead surface ECG does not represent the entire electrocardiographic field , there are 

certain grey areas which are not covered by any lead placed over the body surface – so the 

initial ST segment elevation in acute occlusion MI might be missed , only reciprocal change 

is the initial finding to be observed. 

  

 
This grey-shaded area , as illustrated on hexagonal 

lead system is not being represented by any 

overlying lead system. Therefore , any infarct 

occurring within this area may not be registered as 

ST segment elevation , rather this would be 

reflected on the contralateral leads II III aVF as ST 

segment depression only.  

 

 

Fig 1.1 

Fig 1.2 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Mechanism  

Two major mechanisms have been recognized to explain the reciprocal ST segment change 

on ECG. 

 

 A mirror like reflection of ST segment elevation as ST segment depression onto the 

contralateral side. 

 Concomitant subendocardial ischemia at a contralateral distance created by diverting 

its blood as a donor to the already suffering myocardium with transmural injury.  

 

A mirror like reflection of ST segment elevation as ST segment depression onto the 

contralateral side  

Here ST segment depression represents the phenomenon of electrical mirror-image reflection 

– the reflection of the transmural injury onto the opposite ventricular wall , being recorded by 

a lead system at a distance against the lead registering ST segment elevation. In other words , 

it can be said that the ST segment depression is recorded onto the contralateral side as that of 

ST segment elevation.  

 

 

 

 

 

 Sometimes subtle ST elevation or hyperacute T wave might be the only initial ECG 

finding in acute occlusion MI. Under such circumstances reciprocal ST depression may 

remain as a dominant sign pointing to subtle ST elevation or hyperacute T wave.  
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‘ As two recent studies found, minor ST elevation and reciprocal ST depression or T-

wave inversion were the most helpful signs in identifying occlusion MI that do not 

meet STEMI criteria, or STEMI(-)OMI. ’  

Ref : ECG Cases 24 Reciprocal Change and Occlusion MI 

Written by Jesse McLaren; Peer Reviewed and edited by Anton Helman. August 2021 

https://emergencymedicinecases.com/ecg-cases-reciprocal-change-occlusion-mi/ 

 

 

 
 Indicating high risk patient : reciprocal ST segment depression occurs more frequently 

in patients having a large MI and more wall motion abnormalities. Thus, reciprocal 

change in the setting of STEMI may identify the  patient having an increased 

possibility of cardiovascular complications such as heart block , malignant ventricular 

arrhythmias , cardiogenic shock – with poor prognostic outcome , even including death.  

Experimental evidence  

‘This study shows that in a pig heart model free of additional subendocardial ischemia, 

acute coronary artery occlusion elicits reciprocal ST-segment depression and S-wave 

deepening in ECG leads overlying distant nonischemic areas, although these changes were 

not appreciated in local extracellular electrograms directly recorded in the nonischemic 

myocardial regions’ , as per reference quoted on the next page.  

 

https://emergencymedicinecases.com/ecg-cases-reciprocal-change-occlusion-mi/


 
 

 

Ref : Mechanism and diagnostic potential of reciprocal ECG changes induced by acute 

coronary artery occlusion in pigs 

Francisco J.Norieg MD Esther Jorge DVM, PhD Dabit Arzamendi MD Juan Cinca MD, PhD 

Heart Rhythm   Volume 10, Issue 6, June 2013, Pages 883-890 

https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653 

 

This is obvious by this pig heart model that reciprocal ST segment depression is recorded in 

those ECG leads which overlie distant nonischemic zone. This is further strengthened by the 

failure to demonstrate this phenomenon of reciprocal change if the leads are directly based 

over the extracellular zone without having any evidence of myocardial injury.  

 

 

Explanation of this mechanism on the basis of ECG with acute posterior infarction  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

A basic concept 

The anteroseptal leads are placed mirrorwise onto the contralateral side of internal surface of  

posterior L ventricle (grey-shaded area).  

 

The anteroseptal leads V1-3 are reciprocal to posterior leads , so posterior ST elevation and Q 

wave produce anterior ST depression and tall R waves. The inverted T wave from the 

posterior wall OMI is registered as tall broad T waves. These reciprocal changes in posterior 

occlusion myocardial infarction become the dominant sign.  

(Posterior infarction is further confirmed by the presence of ST elevation and Q waves over 

the posterior leads V7-9). 
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Posterior wall  

Fig 1.3 

Q  ST seg  T 

R  ST seg  T 

Reciprocal changes in acute posterior MI 

infarction 

V3 

on V1 V2 V3  

https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653#!
https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653#!
https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653#!
https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653#!
https://www.sciencedirect.com/journal/heart-rhythm
https://www.sciencedirect.com/journal/heart-rhythm/vol/10/issue/6
https://www.sciencedirect.com/science/article/abs/pii/S1547527113001653


 
 

Concomitant subendocardial ischemia at a contralateral distance created by diverting 

its blood as a donor to the already suffering myocardium with transmural injury  

Another possible mechanism for such ST segment depression might be attributed to 

subendocardial ischemia by diverting its blood through collaterals to the infarct zone - as a 

safeguard mechanism.   

4. Localization of a culprit coronary artery in STEMI by the combined 

criteria of ST elevation and ST depression  

An analytic approach of the reciprocal ECG change in combination with the classical ST 

segment elevation can markedly improve the prediction towards the localization of culprit 

coronary artery.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A basic concept 

Many patients with acute STEMI show ‘reciprocal ST segment depression’. Such ST 

segment depression is considered to represent mirror image - a phenomenon of electrical 

reflection of the transmural injury onto the opposite ventricular wall.  

 

 

 

 

 

 

 

 

  

 

 

To have an analytic approach to such a situation one should first look at the legs of                  

‘ECG man model’ – II III aVF (inferior leads) 

 ST depression over the inferior leads (II III aVF) 

Consider the following  

 Left anterior descending (LAD) artery occlusion at its different sites 

 ST elevation over the inferior leads (II III aVF)  

Consider the following : 

 Proximal RCA occlusion  

 Proximal LCX occlusion  

 Posterior wall MI 

 Proximal LAD with wrap artery lesion around  the apex of the left ventricle  
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Fig 1.4 

V1 V2 V3 V4 V5 V6 

aVL aVR 

I 

II III aVF ‘ECG man model’ to approach the 

association of ST segment elevation with 

reciprocal change on ECG 



 
 

 ST depression over the inferior leads (II III aVF) 

 

 Left anterior descending (LAD) artery occlusion at its different sites 

 

Left anterior descending (LAD) artery occlusion is more complicated because of its branches 

,  which can produce different ST changes depending on the site of occlusion.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ST elevation in V1-6 + aVL (I) with reciprocal 

depression in inferior leads   

 qRBBB complete and ST elevation in aVR may  

be in association  

         Proximal LAD occlusion (before the septal and diagonal branches) 

Diagonal branch occlusion 

Mid LAD occlusion after septal and diagonal branches  
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1 

2 3 

4 

LAD and its branches 

1 

3 

Anterior wall MI (extensive) 

2 

 ST elevation in V1-3 / reciprocal change V4-6 

(ST elevation in lead V1>aVR) 

 Or qRBBB complete along with ST elevation in 

lead V2-V3 and reciprocal ST depression in 

inferior leads. 

 

Anteroseptal MI 

 Proximal in between first septal and first diagonal branch 

ST elevation in I , aVL + V2-4 

 

Anterolateral MI 

4 

ST elevation in V5-V6 in addition to V2-V4 (in 

mid occlusion) with reciprocal ST in aVL 

(Distal LAD with wrap art. ST V5-6+ inferior MI) 

Antero-apical MI 

Fig 1.5 

V2-4 



 
 

 ST elevation over the inferior leads (II III aVF) 

 

 Occlusion of RCA (more common , as one-third of cases of inferior MI , associated with 

right ventricular infarct). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Posterior wall MI 
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Most cases of posterior MI manifest with 

associated lateral infarction (changes in 

V5/V6 ,  I aVL and / or with inferior MI 

with changes in inferior leads – the terms 

posterolateral or inferoposterior are used 

respectively for the purpose) 

 

Posterior MI  

Proximal Left circumflex artery 

 ST elevation in lead II >III 

 Involvement of anterolateral leads: 

       I , aVL and V5-6  

Proximal RCA occlusion  

  ST elevation in lead III > II   

 ST elevation in V1 

 Also record by right sided chest 

leads (ST elevation in V4R has a 

sensitivity of 88% , specificity of 

78% and diagnostic accuracy of 

83% in the diagnosis of RVMI 

(AV conduction disturbances 

including Wenckebach and 

sometimes complete heart block) 

Fig 1.6 



 
 

 

 

 

 

 

 

 

  

5.  ST segment deviation in lead aVR  

  

 

 

 

 

 

 

 

 

 

 

 

 

6.  Concluding remark 

 
 Reciprocal change is very important ECG finding which supports the diagnosis of 

STEMI with specificity and positive predictive value of 93%. 

 Reciprocal change is defined as ST-segment depression > 1 mm in at least 2 leads 

in a single anatomic segment , occurring onto the contralateral side ,  as a 

mirror-image effect of ST-segment elevation associated with STEMI. 
 

 The concept of reciprocal change cannot be entertained with a patient who is 

exhibiting the following patterns on ECG : 

left bundle-branch block, right bundle-branch block, right ventricular paced rhythm 

from an implanted pacemaker or left ventricular hypertrophy with strain. 
 

 Reciprocal change can be the first sign of STEMI - the dominant sign of occlusion, 

pointing to subtle ST elevation or hyperacute T-waves. 
 

 Reciprocal change in the setting of STEMI may identify the patient having an 

increased possibility of cardiovascular complications as discussed. 
 

 Reciprocal change helps in the localization of the culprit coronary artery in STEMI by 

the combined criteria of ST elevation and ST depression. 

 Proximal LAD with wrap artery lesion around 

the apex of the left ventricle 

(The inferoapical part , receiveing blood from 

the distal LAD , frequently ‘wrapped’ around 

the apex) 

 
Changes as that of proximal LAD but with ST 

elevation over the inferior leads.  
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I 

aVL 

aVF 

aVR 

V1 V2 V3 V4 V5 V6 

o Lead aVR faces mainly superior-posterior wall of the 

left ventricle. 

o Reciprocal relationship between anterior leads and 

lead aVR.  

ST segment elevation in aVR tends to be elevated 

when it is depressed in anterior leads and is depressed 

when the ST segment is elevated in anterior leads. 

o ST segment deviation in lead aVR should be analyzed 

with the finding of ST deviation elsewhere on ECG 

.  

Fig 1.7 
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ASLANGER PATTEN ON ECG : 

A TWIN SUFFERING CRY 

ECG 

OUTLINE 

Introduction  

Aslanger et al. identified a specific ECG entity dealing with acute inferior 

occlusive MI in patients with concomitant critical lesion (s) in coronary 

arteries other than the infarct-related artery.  

Clinical significance 

Concluding remark 

 

Mechanism of this new electrocardiographic pattern 

The resultant average ST vector from these two sites of injury is directed 

rightwards causing ST elevation in lead III. Right sided lead V1 is having 

greater proximity to lead aVR , compared to lead V1. On the contralateral 

side ST depressions are recorded in V2-V6 without altering the T-wave 

positive polarity.  

Historical background  

 

References 

Limitations 
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A pair of twins while walking in the afresh hours of morning were suddenly injured by falling 

into a common ditch and cried together with one voiced pain.  

The same is true with ‘Aslanger pattern’ on ECG.   

 On one side there is evidence of acute inferior occlusive MI and on the other side 

the evidence of subendocardial ischemia , both are present on the same ECG. 

 There is a single resultant ST vector from these two sites of injury – one voiced cry 
 

Dr. Aslanger et al. group was the first to recognize this entity on ECG , aiming at emergent 

reperfusion therapy to rescue the life of the patient.    

 

 

1. Introduction 

The April year 2020 had witnessed a new era when Aslanger et al. identified a specific ECG 

entity dealing with acute inferior occlusion MI in patients with concomitant subendocardial 

ischemia resulting from critical lesion (s) in coronary arteries other than the infract-related 

artery – surprisingly to say this does not display contiguous ST-segment elevation to fulfil the 

classical STEMI criteria (International guidelines include STE in two contiguous leads for 

localizing individual site of infarction). This is a new ECG pattern seen in 6.3% sufferers of  

so diagnosed as Non-STEMI. There is every possibility that such entity might be 

misdiagnosed as Non-STEMI and the sufferer may not have the emergent reperfusion therapy 

to rescue his life.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

Aslanger pattern on ECG : 

A twin suffering cry 
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V1 V2 V3 V4 V5 V6 

Aslanger pattern on ECG  

 ST only in lead III as evidence of 

inferior MI 

 ST  in V1>V2 

 Concomitant STin any of V4-V6, 

with a positive/terminally positive 

T-wave 

      Resultant 

      ST vector  

     (Aslanger) 

Resultant ST vector (Aslanger) 

There are two ST vector forces – one from 

inferior occlusive MI and the other from 

subendocardial ischemia. The resultant 

average ST vector is directed rightwards , as 

indicated by red arrow , causing ST 

elevation in leads III and aVR.  

Source : CME INDIA , Dated 13.01.2021 by  Dr. Satish / Wellmark / 

Bokaro , DM Card (here ECG presented in modified form) 

Fig 1.1 



 
 

2. Mechanism of this new electrocardiographic pattern  
 

 Step 1 Concept 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This diagram illustrates the following facts : 

 With limited inferior wall injury , the ST vector of inferior occlusive MI localizes the 

area of infarction and is directed inferiorly and rightwards , as indicated by dotted 

blue arrow.  

 The ST vector of subendocardial ischemia does not localize the site of ischemia and is 

directed to the lead aVR irrespective of involved coronary artery , as indicated also by  

blue dotted arrow.  

 The resultant average ST vector (Aslanger) is directed rightwards at right angle to 

aVF (crossing through +1800 of the hexagonal lead system) causing ST elevation in 

leads III and aVR.  

 

 Step 2 Concept 

 

 

 

 

 

Such resultant ST vector passing through +1800 of hexagonal lead system records ST 

elevation within 900 of either side – leads III and aVR and over the opposite side ,  all the 

leads – aVL  I  II record the ST depression.  

Right sided lead V1 is having  greater proximity to lead aVR , compared to lead V2                  

(ST V1 > V2). On the contralateral side ST depressions might be recorded in leads V4-V6 

without disturbing the positive T-wave polarity in these leads.  

 

 

     Resultant ST vector  

             (Aslanger) 

Inferior MI  ST vector  

(RCA) 

Subendocardial ischemia           

         ST vector  

A simplified approach 

Any exploring lead placed within the range of 900 in respect to resultant average ST 

vector records ST elevation , at 900 no deflection and beyond 900 ST depression.  
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Fig 1.2 



 
 

3. Historical background 

This becomes essential  to understand at least in brief the findings of the study done by 

Aslanger et al. , which may be summarized as below : 

 

 

 

 

 

 

 6.3% in Non-STEMI group was identified as Aslanger pattern.  

 13.3% of inferior MIs also showed the Aslanger pattern.  

 0.5% from healthy subsets (No MI ) was identified to have this pattern as well.  

The patients having Aslanger pattern were found to have a larger infarct size as documented 

by 24 hours troponin estimation ,and  higher frequency of angiography culprit lesion (s) with  

complex coronary occlusion compared to their Non-STEMI counterparts.  

4. Limitations 
 Aslanger et al. group also identified this sort of pattern on ECG in 0.5% from control 

group (No MI) possibly due to chronic changes from a previous ischemic insult . 

 Acute inferior MI in the presence of previous infarctions might change the direction 

of ST vector resulting in a similar pattern.  
 

This is to be mentioned here that study done by Aslanger et al. was a retrospective study 

which warrants a further  perspective study with its analysis to explain the whole scenario.  

5. Clinical significance  
 

 The recognition of this Aslanger pattern ECG by the clinicians means early institution 

of emergent reperfusion therapy and thus , this improves the outcome.  

 Due to presence of concomitant multivessel coronary occlusion it becomes difficult to 

identify the culprit lesion (s) at the time of angiography. This pattern on ECG guides 

the interventional cardiologist to open inferior wall culprit vessel first and accordingly 

the others as per need.    

 

6. Concluding remark 
  

Aslanger et al . define a new ECG pattern indicating an inferior myocardial infarction 

with concomitant critical lesion (s) in coronary arteries other than the infarct-related 

artery. Recognizing this entity would be saving the life of the sufferer by the institution of 

emergent reperfusion therapy. This would also improve short-and-long term 

complications associated with this entity.  

 

 

Group 1 : 1000 patients with a diagnosis of Non-STEMI  

one with inferior STEMI and the other with 1000 as a 

healthy control group (with no myocardial infarction) 

This retrospective study included  
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Group 2 : Two control subsets 
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