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Any happening when endangering the life in disguise , it becomes essential to understand the 

nature of this tragedy and missing to understand may push one into the cavern of death with 

end of life. So it seems rather crucial to analyze the situation so as to have the steps of 

prevention against this lurking disaster.   

Masquerading bundle branch block is whispering cardiac devastate in disguise on ECG – let 

us reveal its secrecy. Patients have a higher risk of its progression to complete heart block – if 

missed , life would be missed.    

1. Introduction 

It is extremely important to be aware of this ‘Masquerading Bundle Branch Block’  (MBBB) 

as an individual entity on ECG – it is a marker of severe underlying heart disease with poor 

cardiac outcome. Patients have a higher risk of its progression to complete heart block. It has 

a very much resemblance to typical bifascicular block (right bundle branch block + left 

anterior fascicular block) on ECG and hence the nomenclature as ‘Masquerading Bundle 

Branch Block’. There is a possibility of missing its diagnosis by wrongly labelling it as 

typical bifascicular block.  

Rate of its progression to complete heart block over a four-years of study in patient with 

MBBB was estimated to be 59% (Barrado et al) , compared to 11% of such tragedy over an 

extended five-years period in typical bifascicular block. A large scale review of ECGs 

revealed that this rare MBBB was associated with high mortality (41% over four years) and 

permanent pacemaker insertion (39% over the same period). Under such circumstances early 

recognition of this rare electrocardiographic entity with close monitoring  and follow-up of  

these patients becomes a crucial step , with side by side consideration of PPM insertion even 

in asymptomatic cases.  

Justin L Richman and Louis Wolff first drew the global cardiac attention to this phenomenon 

in 1954 by the publication of their cases in the American Heart Journal. They revealed four 

cases of patients on ECGs with signs of LBBB over limb leads and signs of RBBB over 

precordial leads. The subsequent Vectocardiograms also revealed the same nature of 

conduction defects in the sufferers.  

The concept of MBBB would be easier to understand in the light of histopathological changes 

associated with this condition.  
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2. A pathological correlation  
This would be easier to understand the concept of MBBB in the light of its histopathological 

changes, as stated below : 

 MBBB signifies extensive myocardial damage with accompanying fibrosis. 

 As a consequence this extensive fibrosis involves the interventricular septum , the 

anterior wall and the free wall of the left ventricle associated with left 

ventricular enlargement.  

Cardiac echo also shows regional wall motion abnormality over the involved areas , 

as mentioned above. A severe degree of left ventricular dysfunction is noted with an 

ejection fraction 25%-30% , usually with accompanying moderate MR (This may be 

either functional MR due to the dilatation of the left ventricle or the involvement of 

the left anterior fascicle which also supplies the anterior papillary muscle of mitral 

valve leading to its dysfunctioning).  

 These histopathological changes pave the pathway for involvement of the bundle 

branches (Right bundle branch and left anterior fascicle) leading to partial bundle 

branch block. This is to be mentioned here that inspite of the considerable fibrosis 

there is no complete disruption in the continuity of these conduction branches and so 

leading to its delayed activation.  

 Right bundle branch exists over the right side of the interventricular septum while on 

the left side there are two subdivisions of left bundle branch namely left anterior 

fascicle and left posterior fascicle , as illustrated with the following sketch. This is to 

be mentioned here that the left posterior fascicle which is having wider distribution 

over the posterior surface of the left ventricle is being escaped , most possibly due to 

its somewhat thicker nature with its wider distribution. A delayed activation 

involving right bundle branch and left anterior fascicle is the culprit.   

 

 

  

 

 

 

Cardiac diseases in association  

The following structural cardiac diseases might be responsible for accompanying fibrosis in 

MBBB : ‘C’ is the mnemonic  

 Coronary artery disease , in particular severe triple vessel disease  

 Chamber (left LV) hypertrophy of long standing.  
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Left Anterior fascicle 

Left Posterior fascicle 

Septal branch 

AVN 

(Shaded area indicates wider distribution zone) 

RBB LBB 

 Chagas myocarditis  

  Conduction system degeneration of idiopathic nature such as Lenegre’s disease and 

Lev’s disease. 

 

 Cardiomyopathy 

 

 Fig. 1.1 



 
 

3. Electrocardiographic changes  

There are two types of MBBB : Standard and Precordial  and ECG changes are reflected 

accordingly : 

 

Standard MBBB is associated with RBBB pattern over precordial leads and LBBB pattern 

over limb leads with absent S wave in lead I (and aVL).  

Precordial MBBB is having RBBB pattern over the precordial leads but also having 

simultaneous LBBB pattern over V5 to V6 with absence of S wave in these lateral chest 

leads.  

Just in brief RBBB pattern is common to both subtypes - LBBB pattern over limb leads              

(I and aVL)  indicates Standard MBBB while LBBB pattern over the lateral precordial lead 

(V5-V6) indicates Precordial MBBB.  

There is a corresponding absence of S waves in the concerned leads showing the LBBB 

pattern in either subtypes  

NB : Usually sinus rhythm but at times atrial fibrillation and atrial flutter observed in some 

cases . 

4. Electrophysiological mechanism 

The following points should be kept into consideration : 

1) The S wave in RBBB indicates the terminal forces pointing towards the right due to 

the delayed activation of the right ventricle.  
2) Since there is an involvement of the anterosuperior wall of the left ventricle (as in 

standard MBBB) due to fibrosis , the LAFB (Left anterior fascicular block) forces are 

oriented superiorly and to the left. 
3) If the conduction is delayed in the anterosuperior wall, the late forces generated 

within this area will balance or even prevail over rightward forces of the RBBB 

resulting in the absence of S wave in the concerned leads showing the LBBB pattern.  
The fibrosis of the anterosuperior wall of the left ventricle is responsible for ‘Standard type’ 

while the involvement of anterolateral wall accounts for ‘Precordial type’ of masquerading 

bundle branch block. Therefore , these two subtypes should be considered variants of the 

same myocardial substrate at different sites involvement due to accompanying fibrosis. 

In ‘Standard subtype’ due to the location of fibrosis over the anterosuperior wall of the left 

ventricle , LBBB pattern is reflected over the limb leads I (and aVL) with clockwise rotation 

over the precordial leads due to RBBB while in ‘Precordial subtype’ due to the location of 

fibrosis over the anterolateral wall of the left ventricle , LBBB pattern is encountered over the 

precordial leads V5-6 with RBBB pattern over leads V1-3. 

The entire concept has been illustrated over the next page with the help of 12 surface ECG 

changes (illustration with standard masquerading bundle branch block). 
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History : Patient presenting with fainting attacks 

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

Gaya , Bihar , Chairman AIMS, Gaya   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

The following ECG of typical bifascicular block (RBBB+Left anterior fascicular block) 

is kept here just to compare it with  masquerading bundle branch block.  

(Please see here the presence of S waves in lead I and aVL)  

 

 

 

 

 

 

 The limb leads resemble LBBB with left axis deviation (QRS axis = - 600) with rS 

complexes in inferior leads II, III and aVF with negligible initial  r component.  

 Lead I and aVL is having positive broad complex with a blunted appearance and there is an 

absence of S wave in these leads.  

 The precordial leads shows RBBB pattern with prominent R wave in V1 to V3 and rS 

pattern in the rest leads.  
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 Fig. 1.2 

 Fig. 1.3 



 
 

5. A  higher risk of its progression to complete heart block  

Masquerading bundle branch block may be accompanied by trifascicular block , usually with 

the combination of RBBB + Left anterior fascicular block and 1st degree AV block.   

Reports of the expert show that patient with trifascicular block usually develops complete 

heart block. Rates of its progression to complete heart  block over a four-years of study in 

patients with MBBB was estimated to be 59% (Barrado et al) and therefore , there is need of 

PPM insertion even in asymptomatic cases.  

6. Concluding remark 

 

 Masquerading bundle branch points towards extensive fibrosis involving the 

interventricular septum , the anterior wall and the free wall of the left ventricle with 

subsequent delayed activation in right bundle branch and left anterior fascicle.  

 Patients have a higher risk of progression to complete heart block. Therefore , early 

recognition of this rare electrocardiographic entity with close monitoring and follow of 

these cases is a crucial step , with side by side consideration of PPM insertion even in 

asymptomatic cases.  

 MBBB must be diagnosed by keeping in mind that this resembles very much with typical 

bifascicular block.  

 

7. References 

1. Masquerading Bundle Branch Block (MBBB) 

Robert Buttner and Mike Cadogan  Jan 28, 2021 

https://litfl.com/masquerading-bundle-branch-block-mbbb/ 

2. Masquerading Bundle Branch Block: A Poor Prognostic Sign Revisited 

Suheil Dhanse,  Hashir Kareem,  Tom Devasia,  and Mugula Sudhakar Rao 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5071994/ 

3. Masquerading bundle branch block as a marker of poor prognosis 

Satoshi Kaimoto MD  Tatsuya Kawasaki MD et al 

https://www.sciencedirect.com/science/article/pii/S1878540913000716#! 

4. Masquerading Bundle Branch Block in a Patient with Heart Failure in Nigeria 

Authors Akinyele OA, Blogun MO, Adebayo RA , Olanipekun OA, Akintomide AO, 

Williams OT , Adesanya OS 

https://www.dovepress.com/masquerading-bundle-branch-block-in-a-patient-with-heart-

failure-in-ni-peer-reviewed-fulltext-article-IMCRJ 

5. The Concept of "Masquerading" Bundle-Branch Block An Electrocardiographic-

Pathologic Correlation By PAUL N. UNGER, M.D., MILTON E. LESSER, M.D., 

VICTOR H. KUGEL, M.D., AND MAURICE LEV, M.D. 

https://www.ahajournals.org/doi/pdf/10.1161/01.CIR.17.3.397?download=true 

 

 

 

 

| 6 

https://litfl.com/author/robertwbuttner/
https://litfl.com/author/sandnsurf/
https://litfl.com/masquerading-bundle-branch-block-mbbb/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhanse%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27790494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kareem%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27790494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devasia%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27790494
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27790494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5071994/
https://www.sciencedirect.com/science/article/pii/S1878540913000716#!
https://www.sciencedirect.com/science/article/pii/S1878540913000716#!
https://www.sciencedirect.com/science/article/pii/S1878540913000716
https://www.dovepress.com/masquerading-bundle-branch-block-in-a-patient-with-heart-failure-in-ni-peer-reviewed-fulltext-article-IMCRJ
https://www.dovepress.com/masquerading-bundle-branch-block-in-a-patient-with-heart-failure-in-ni-peer-reviewed-fulltext-article-IMCRJ
https://www.ahajournals.org/doi/pdf/10.1161/01.CIR.17.3.397?download=true


 
 

6. ARRHYTHMIAS AND ELECTROPHYSIOLOGY 

SESSION TITLE: ARRHYTHMIA: CLINICAL ELECTROPHYSIOLOGY, 

DIAGNOSIS AND RISK STRATIFICATION XI 

Abstract 14845: Masquerading Bundle Branch Block: An Electrocardiographic Marker 

of Poor Prognosis 

Thiago G Schroder e Souza, Rômulo L Almeida, Gabriel P Targueta , Sandro P Felicioni 

, Virginia B Cerutti Pinto , Marcelo P Moretti , Mariana F de Marchi and  , Francisco 

Faustino A França 

https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845 

7. Masquerading Bundle Branch Block 

Johnson Francis, MBBS, MD, DM, FACC, FRCP 

Baby Memorial Hospital, Kozhikode, Kerala, India 

https://www.babymhospital.org/BMH_MJ/index.php/BMHMJ/article/view/209/488 

8. Masquerading Bundle Branch Block: A Poor Prognostic Sign Revisited 

Suheil Dhanse1, Hashir Kareem2, Tom Devasia3, Mugula Sudhakar Rao4 
1 Registrar, Department of Cardiology, KMC Manipal, Manipal University, Manipal, 

Karnataka, India. 
2 Associate Professor, Department of Cardiology, KMC Manipal, Manipal 

University, Manipal, Karnataka, India. 
3 Professor, Department of Medicine, KMC Manipal, Manipal University, Manipal, 

Karnataka, India. 
4 Registrar, Department of Cardiology, KMC Manipal, Manipal University, Manipal, 

Karnataka, India. 

https://www.jcdr.net/article_fulltext.asp?id=8472 

 

 

 

 

 

 

 

 

 

 

| 7 

https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.ahajournals.org/doi/10.1161/circ.132.suppl_3.14845
https://www.babymhospital.org/BMH_MJ/index.php/BMHMJ/article/view/209/488
https://www.jcdr.net/article_fulltext.asp?id=8472


 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ELECTROCARDIOGRAPHIC 

CHANGES IN DIABETES MELLITUS 



 
 

 

 

 

 

  

 
OUTLINE 

Introduction   

Electrophysiological based ECG changes in diabetes 

Classification : Electrophysiological-cum-pathological changes in the 

heart with diabetes mellitus 

Repolarisation abnormalities associated with central nervous system 

dysfunction 
 

QT/QTc interval 
 

ECG measures of Cardiac Autonomic Neuropathy 
 

Prognostic ECG parameters in diabetes 
 

Detection of silent ischemia in diabetic patient  
 

ECG changes in Diabetes : Some Interesting illustrations 
 

Concluding remark 
 

References 
 

DR. D.P. KHAITAN 

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

 

ELECTROCARDIOGRAPHIC CHANGES IN 

DIABETES MELLITUS  

ECG 

| 8 



 
 

 

 

 

  

 

 

 

       

1. Introduction 

Diabetes mellitus has been considered as a well-known entity for many years to be linked 

with poor cardiovascular prognosis. Even in early course of diabetes mellitus subtle ECG 

changes such as persistent sinus tachycardia , repolarization abnormalities (QTc , QT 

dispersion, non-specific ST and T changes) , evidence of left ventricular hypertrophy , etc. 

might be noticed. The imprint of coronary artery disease on ECG – coronary macrovascular / 

microvascular dysfunction might also be encountered. Encroaching fibrotic changes leading 

to diabetic cardiomyopathy with peculiar ECG alterations might be noticed by the clinicians.  

12-leads resting ECG might be within normal limits even in the presence of an advanced 

stage of coronary artery disease. Therefore , it becomes the clinical practice to complement 

the resting ECG by exercise ECG in appropriate circumstances and one should try further to 

have cardiac screening of diabetes individuals in detecting silent ischemia with its prognostic 

stratification. ECG recording has become an important tool in cases of diabetes mellitus.  

2. Electrophysiology based ECG changes in diabetes  

ECG changes in diabetes are mainly attributed to electrophysiological repolarizing 

abnormalities with downregulation of potassium channels , as stated below : 

 Reduced glucose oxidation and increased free fatty acids oxidation with 

mitochondrial dysfunctioning , resulting in reduced ATP production impairing             

Na+-K+ ATP pump with its less efficient functioning.  

 Downregulation of potassium repolarising current (? Genetic) resulting in QTc, 

QT dispersion, QRS-T angle > , Non-specific ST and T changes etc. It is to be 

mentioned here that duration of epicardial action potential becomes more delayed 

compared to endocardial action potential , which is responsible for the above changes 

(Normally Epicardial potential duration is less than that of Endocardial potential). 

 

O heart , Diabetes runs on the chariot with horses ruining thy pathways in so many ways. Thy 

horses are strong enough to stamp its steps on the longway journey by dusting the luminous 

Path.   

The clinicians even in the early course of diabetes might get the imprints of these pathways on 

ECG and try to save ours soul by their sincere endeavours.  

  

     ELECTROCARDIOGRAPHIC CHANGES IN DIABETES MELLITUS  

                                                                                                               DR. D.P. KHAITAN 

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

 

 

A Narrative Review  

| 9 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Classification : Electrophysiological-cum-Pathological changes in 

the heart with Diabetes Mellitus 

The following changes are attributed to ECG alterations in diabetes : 

1. Subtle ECG alteration :Repolarization abnormalities QTc, QT dispersion ,QRS-T  

    angle>,  Non-specific ST and T changes 

Baroflex dysfunction : Sinus tachycardia and changes in the heart rate variability.  

Atrioventricular conduction defects and others like RBBB, LAFB, Maquerading BBB , 

presence of hyperkalemia should be simultaneously assessed. 

2.  Fibrotic changes specially over the basal left ventricular area + significant reduction in the 

elastic property of the arota ↓ aortic distensibility in type 2 diabetes AS (Aortic stenosis) 

3. Reactive hypertrophy, usually left ventricular. 

4. Coronary artery disease  

 Premature atherosclerosis (macrovascular dysfunction) 

 Structural and functional changes in the microcoronary circulation (coronary 

microvascular dysfunction) 

 

Repolarizing changes 

1    Epicardial potential duration 

                 > 

2   Endocardial potential duration 

 

(under normal circumstances Epicardial potential duration is less than that of 

Endocardial potential). 

 Fig. 1.1 

 Fig. 1.2 

| 10 



 
 

5. Increased accumulated pericardial fat attributes to the progression of coronary 

atherosclerosis and is an independent risk factor for stenotic coronary artery disease. 

  

6. Diabetic cardiomyopahty  

 

7. Heart failure.  

 

4. Evaluation of Diabetic patient by 12- lead ECG 

The following important changes might be observed on 12-lead ECG in a diabetic patient : 

 Rhythm : Sinus tachycardia (persistent) , arrhythmia : Atrial fibrillation 

 Potasssium repolarisation current abnormalities : QTc , QRS-T angle , Non-

specific ST and T changes (duration of epicardial potential > endocardial potential) 

 Presence of atrioventricular conduction defects and others like RBBB, LAFB, 

(LBBB), Masquerading BBB , presence of hyperkalemia should be simultaneously 

accessed. 

 Chamber hypertrophy (left ventricular hypertrophy) 

 

 Coronary artery disease and diabetic cardiomyopathy. 

 

 Baroflex dysfunction 

      Sinus tachycardia and changes in the heart rate variability.  

 

 

5. Repolarisation abnormalities associated with central nervous 

system dysfunction 

Abnormalities of central nervous system function may be responsible for some of the 

repolarization abnormalities , some of which are enumerated below :  

o Henderson  described the pattern in which T waves were deeply inverted in the left 

precordial leads , the tall and peaked in the right precordial leads.  

o Several publications include examples of deeply inverted , symmetric T waves during 

treatment of diabetes acidosis at a time when the potassium abnormalities were not 

present.  

CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition) 

– Metabolic disturbances , Diabetes Mellitus  , P 291-292  
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6. QT/QTc  Interval 

The association of QT/QTc interval prolongation is noticed to be higher in people with 

diabetes and its complications. Sudden death has been encountered specially in Type I 

diabetic patient affected with autonomic neuropathy. QT prolongation predisposes the 

concerned individuals to cardiac arrhythmias which may end the life suddenly.  

In this context the following facts should be considered : 

1. Female sex with higher value of HbA1c, systolic blood pressure and nephropathy are 

associated with an increased risk of prolonged QTc  whereas physical activity and normal 

body mass index are protective factors.   

2. The QTc interval can be used to diagnose CAN with reasonable    sensitivity , specificity 

and positive predictive value. 

3. There is a Correlation between QTc and the amount of coronary artery calcium (CAC). A 

higher CAC score in diabetes points towards all-cause mortality.  

4.  From QT interval parameters : both the QT dispersion (the main difference between the 

QT maximum  and QT minimum interval in all ECG leads).  

(Reported values of QT dispersion widely , e.g. , normal value from 10 to 71 ms) 

7. ECG measures of Cardiac Autonomic Neuropathy 

Diabetic individuals may have depressed baroreflex sensitivity , the exact mechanism 

involved is unclear. Diabetes mellitus is a common cause of autonomic system dysfunction 

and it is well known fact that impaired BRS points towards autonomic dysfunction , resulting 

from damage to the autonomic nerve fibers innervating the heart and blood vessels. This is 

further to say that arterial baroreceptors are stretch sensitive in nature ,  located in the 

arterial walls , mainly in the carotid sinus of carotid arteries and in the walls of aortic 

arch. The afferent fibers from these baroreceptors travel via the glossopharyngal (Nerve IX) 

and the vagus nerve (Nerve X) into the nucleus tractus solitarius located within the medulla 

of the brain stem. The efferent fibers make it roots through the parasympathetic and 

sympathetic system of the autonomic nervous system to its destination to the heart and blood 

vessels. The balance in between these two components of autonomic nervous system 

(parasympathetic and sympathetic ) , which one is to be operated depends upon a negative 

feedback mechanism being sensed by the arterial blood pressure.  

In diabetes individuals Baroreflex dysfunction is characterized by the diminished dominance 

of parasympathetic system. Atherosclerosis also contributes to BRS dysfunction at the 

baroreceptor level of the circuit. Diabetes is a  well-known risk factor for atherosclerosis and 

it is said that carotid atherosclerosis is linked to impaired baroreceptor function.  
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Cardiac autonomic neuropathy associated with diabetes mellitus may be revealed clinically 

by the following findings : 

 Alteration in heart rate  

o High resting heart rate and low heart rate variability is measured by poincare 

plot analysis (The Poincare plot analysis is a geometrical and non-linear 

manoeuvre to detect the dynamics of heart rate variability with the aid of a 

diagram wherein each R-R is plotted as a function of the previous R-R interval 

indicating the values of each pair of successive R-R interval defining a point 

in the plot). 

o Reduced night time vagal modulation of the heart rate. 

o Reduced heart rate response through deep breathing , valsalva manoeuvre and 

postural changes.   

 QTc interval can be used to diagnose CAN (Cardiac Autonomic Neuropathy) with 

reasonable sensitivity , specificity and positive predictive value. 

 The neuropad test is a modern indicator based on the measurement of the sweat 

production after explosure to dermal footpad 

 

Carotid Sinus 

Receptors 

Aortic Arch 

Receptors 

The afferent fibers from baroreceptors via The 

glosoopharyngal (Nerve IX) and  the vagus nerve (Nerve 

X)  Nucleus tractus solitarius located within the 

medulla  the efferent fibers via the parasympathetic and 

sympathetic ANS  feedback mechanism to the heart 

and blood vessels. 

 Fig. 1.3 
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8. Prognostic ECG parameters in diabetes  

ECG might reveal certain prognostic parameters in diabetes : 

 QT / QT dispersion 

 

o With tachycardia (hazard ratio 1.3 fold increased risk per 10 beats/min) 

o LVH is significantly associated with prolongation of QTc 

o Cardiac autonomic neuropathy with prolonged variability in QT/ QTc has high 

incidence of sudden death.  

o Spatial > QRS-T angle : a marker of arrhythmia vulnerability.  

 

 Asymptomatic episodes of atrial fibrillation with silent arrhythmia progression may be 

seen subsequently with higher risk of death.  

 

9. Detection of silent ischemia in diabetic patient 

Silent myocardial ischemia is noticed in diabetic population as one in five asymptomatic 

patients. Cardiac autonomic neuropathy might be a strong predictor of ischemia. 

Asymptomatic cases might be overlooked in clinical practice and it is detected frequently in 

advanced state when it becomes clinically manifested. In symptomatic diabetes morbidity and 

mortality both are significantly high signifying its worse nature compared to patient without 

diabetes.  

It is a well documented fact that the presence of residual silent ischemia documented during 

daily life activities also constitutes an independent predictor of cardiac death in diabetic 

patient.   

ECG manifestations of silent ischemia usually gets reflected in the form of horizontal or 

downsloping ST segment depression during the different maneuver adopted to record ECG 

changes. Silent ST segment elevation might occur but having lower incidence. The detection 

of silent ischemia on ECG leads to a more effective therapy and the decrease of 

cardiovascicular morbidity and mortality. Current guidelines recommend screening for silent 

myocardial ischemia in asymptomatic patient selected for high cardiovascicular risk (i.e. with 

two or more other cardiovascicular risk factors, or peripheral or carotic arterial disease or the 

presence of proteinuria). 

The following test are documented to reveal silent ischemia in a diabetic patient. 

 Resting ECG (ambulatory ECG might also be suggested) 

 Stress testing – Exercise testing ; thallium scintigraphy with dipyridamole is 

performed if exercise testing is not possible or inconclusive. 

 Coronary angiogram should be performed in case of positive stress test in consultation 

with a cardiologist.  

The use of exercise related screening before an exercise training programme for patient with 

asymptomatic type 2 diabetes mellitus might be justifiable but remains unproven.  
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10. ECG changes in Diabetes :  Some interesting Illustrations  

ECG 1 

A male aged 76 years with a long history of diabetes mellitus  

 

 

 

 

 

 

 

 

 

 

 

Complete RBBB + left anterior fascicular block = Bifascicular block  

There are a few non-randomized studies reporting increased prevalence of cardiac conduction 

abnormalities such as RBBB , bifascicular block and high degree AV block but not left 

bundle branch block.  

ECG 2 

38 year old, man know DM 4 yrs on OHA, Not a hypertensive , no other  specific complaints, 

Routine investigations today.  

  

 

 

 

 

 

 

 

 

Sample A = White opaque. 

milky, serum in gross elevation 

of TGL. (serum triglycerides) = 

1356 mg/dl) 

Sample  B  = Normal serum for 

comparison 

ECG : Bifasicular block  ( 

complete RBBB + Left anterior 

fasicular block)  

 

Source  : Dr. R. Rajasekar  

Eminant Diabetologist and Senior Consultant in 

Medicine , Kumbakonam  

Global Heart Rhythm Forum ,   

Dated – 17.05.2019   
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ECG 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG 4 

 

 

 

 

A long standing diabetic , aged 65 years  

ECG : Sinus tachycardia persistant (as the history reveals)  with intermittent atrial  

          extrasystoles  QTc = 44.6 

Trifascicular block = (1st degree AV block + complete RBBB + LAFB)   

(Cardiac echo suggestive of cardiomyopathy) 

 

 

Baroflex dysfunction  

• Persistent Sinus 

tachycardia  

• QTc >  

• First degree AV 

block  

 

Elderly Diabetic presenting with fits 

Standard Masquerading BBB and Border line prolongation of PR interval (0.22) 

 

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

Chairman  AIMS, Gaya. 
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RBBB +High anterior LFB with absent S wave in 

lead I and aVL (simulating LBBB pattern ) 

STANDARD MASQUERADING BBB 



 
 

ECG 5 

 

 

ECG 6 

Elderly Diabetic  male presenting with giddiness since 3 hours  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Elderly diabetic male presenting with severe chest pain since 8 hours 

Acute inferior and old anterior MI , atrial flutter with 2:1 AV conduction   

 

1st ECG* 

Rhythm  Bigemini pattern 

with Sinus beat having 

inconspicuous P with 

junctional ectopic with 

following incomplete pause 

( might be due to transient 

suppressive effect of 

hyperkalemia on SA node).                          

Old Anterior MI  

 

2nd EGG* 

 Bigemini pattern is not 

seen - normal Rhythm now 

after the correction of 

borderline high Serum 

potassium / Old Anterior 

MI  

 

Serum K=5.5  

 

Serum K=4.5  
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Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Prinicipal 

ANMMCH , Gaya Bihar ; Chairman  AIMS, Gaya. 

 

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

; Chairman  AIMS, Gaya. 

 



 
 

ECG 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG 8 

 

 

 

 

 

 

 

 

 

 

 

 

One should suspect hyperkalemia in the presence of bradyarrhythmia 
mimicking nodal rhythm associated with tall and peaked T wave  
 

Diabetic middle aged male with chest pain since 3 hours 

ECG showing ACS with hyperkalemia ( tall peaked T wave  and absence of 

P wave with wide QRS and bradycardia mimicking nodal rhythm). There is one capture P where seen 

following 1st QRS complex in leads II and III   

Trop I positive, Serum K 6.5, Serum Creatinine 3.5mg  

 

One should suspect hyperkalemia in the presence of conduction pathway 
abnormalities e.g. CHB associated with tall and peaked T wave  
 

Middle aged Diabetic male with severe chest pain since 3 hours 

Inferior Infarction with CHB. Tall T wave in precordial leads is due to Hyperkalemia. (It is unlikely de winter 

pattern of Hyperacute MI, since AV Block is uncommon with Hyperacute MI). 

Blood sugar 200mg,  Serum K 5.7, Serum Creatinine  1.5 , Trop I positive  
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Source : Prof. Dr. A.N. Rai , Former Prof. & Head of 

Medicine and Prinicipal ANMMCH , Gaya Bihar ; 

Chairman  AIMS, Gaya. 

 

Source : Prof. Dr. A.N. Rai , Former Prof. & Head of 

Medicine and Prinicipal ANMMCH , Gaya Bihar ; 

Chairman  AIMS, Gaya. 

 



 
 

ECG 9 

72 years male , DM with documented hypoglycemia 4 days back ,  felt better after glucose  

 

 

 

 

 

 

 

 

 

 

 

 

11. Concluding remark 

Diabetes mellitus has been known to be associated with poor cardiovascular outcome 

morbidity and mortality both. Due to the associated neuropathy the coronary artery disease in 

diabetic population remains mostly asymptomatic. 12-lead rest ECG might be within normal 

limit even in the presence of coronary artery disease but the subtle changes in ECG as 

described earlier might be detected even on rest ECG. The ECG monitoring in a diabetic 

patient might reveal so many changes , alerting the physicians about the implication of earlier 

theurapatic approach to combat this state.  
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‘PARACHUTE MECHANISM’ AND ECG CHANGES  

(A NEW CONCEPT FOR THOUGHT) 

ECG 

OUTLINE 
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The concept of ‘parachute mechanism’ in MVP    
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Dysfunctioning of the mitral valve apparatus and recording of resultant 

changes as per lead-system on ECG 
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Associated ECG changes : based upon the concept of ventricular action 

potential 
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 ECG No 1 : 58 years old lady C/O palpitation , chest pain , no 

history of Diabetes mellitus and Hypertension.  

 ECG No 2 : Marfan syndrome with respiratory system involvement.  

 ECG No 3 : MVP with SVT 
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O Parachute - thou are the companion of a man descending from sky to the earth, so 

overcoming the battle of death during the journey. Always be ours protector.  

The mitral valve apparatus is anchored below to the wall of left ventricle, preventing the 

parachuting of its leaflets into the left atrium during the systole – not free to move as the 

parachute in the sky. However , if its constituents don’t hold their perfect shape and size , 

mitral valve may get prolapsed into the left atrium. Its brightness of action is fumed with 

smoke – the heroic power of protection is lost.     

1.  Introduction 

Normally mitral valve leaflets are kept in completely closed apposition in systole by the 

anatomical integrity of “Chordae tendinae-papillary muscle” appratus which anchors the 

valve to the left ventricular wall , preventing the mitral wall being prolapsed into the left 

atrium. 

Mitral valve prolapse is defined as bulging backwards with parachuting of its leaflets into the 

left atrium , either singly or both together , more than 2 mm into the left atrium during the 

systole. MVP is the most common primary valvular abnormality in the young population with 

prevalence rate 1%-2.5%. This may remain silent or associated with palpitation , dizziness , 

chest pain and abnormal ECG findings. Echocardiography is the golden assist-methodology 

to diagnose this condition. An ECG is an easy available tool and can be easily used and the 

interpretation of its findings lies on the shoulders of the general practitioners who handle the 

cases initially. To have the proper concept of MVP and its associated ECG findings , the 

concept of ‘parachute mechanism’ illuminating the entire understanding is being discussed in 

this article.  

 

2. The concept of ‘parachute mechanism’ in MVP 

In  order to have the concept of MVP and associated ECG finding this becomes essential to 

have an understanding of normal anatomical constituents of the mitral valve apparatus , as 

illustrated below by the following sketch :  
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Mitral Valve Prolapse (MVP):  ‘Parachute mechanism’                                     

and ECG changes ( A new concept for thought) 
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Mitral Valve Appratus  Fig. 1.1 



 
 

The following abnormalities (one or more) may be associated with primary mitral valve 

prolapse. 

 One or both valve leaflets are too large and thick.  

 The leaflets surfaces are scarred.  

 The Chodae tendinae are thinner and/or longer than they should be.  

In other words , thickening of either one or both valves may result in fibrosis (scarring) of its 

surfaces associated with thinning and lengthening of the accompanying chodae tendinae. 

The above mentioned anatomical-cum-pathological defects cause the leaflets to bulge 

backwards with parachute like ballooning into the left atrium during the systole , which may 

result in mitral valve prolapse. Different pathological entities may be responsible for such 

events of prolapse , eg. acute rheumatic carditis with dysfunction of the AV annulus , 

coronary artery disease with papillary muscle dysfunction , valvular endocarditis, connective 

tissue disorders (Marfan syndrome , Ehler-Danlos syndrome , Osteogenesis imperfecta and 

Pseudo xanthoma elasticum). Primary MVP is most often an isolated disease with autosomal 

inheritance or at times non-familial in nature. This may be associated with degenerative 

changes in the Chordae tendinae as well.  

Let us have a comparative look over parachute with a man descending from sky to the earth 

(A) and mitral valve apparatus behaving as a parachute but being anchored to the wall of left 

ventricle (B).   

    

 

 

 

 

 

  

 

 

 

 

 

 

The following factors due to parachuting of the mitral valve leaflets are considered to be 

responsible for ECG changes related to MVP: 

o Above is the mitral valve leaflets bulging into the left atrium → mitral valve 

regurgitation (MR).  

o Below is the papillary muscle traction induced by the prolapsing mitral leaflets which 

leads to mechanical endocardial stimulation +  endocardial traction lesions in the wall 

of left ventricle.  
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A man descending with a normal 

parachute (freely moving in the air) 

LV wall  

MVP into the 
left atrium  

Chordae tendinae – 
papillary muscle appratus 

Mitral valve leaflets bulge backwards with 

parachute-ballooning into the left atrium during 

systole due to the compromised mitral valve 

apparatus , but still anchored to left ventricle wall 

(A)  
(B) 

 Fig. 1.2 



 
 

 

 

3. Dysfunctioning of the mitral valve apparatus and recording of 

resultant changes as per lead-system on ECG  
 

The dysfunctioning of the mitral valve apparatus is mainly responsible for the phenomenon 

of mitral valve prolapse, again to repeat the factors responsible for associated ECG changes 

with MVP :  

o Mitral regurgitation (MR) due to the parachuting of mitral valve leaflets into the left 

atrium.  

o Papillary muscle traction by the prolapsing leaflets leading to mechanical endocardial 

stimulation + endocardial traction lesions in the wall of left ventricle.  

 

Since the papillary muscles are mainly anchored to the inferior surface of L.ventricular wall , 

embracing also the adjoining lateral and medial left ventricular walls as well , ECG tracing in 

such a case are recorded as per leads orientation to the concerned sites providing the useful 

information to the clinicians.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Abnormal ECG findings are often observed in mitral valve prolapse in relation with leads – 

II, III , aVF and I, aVL ,V5-6. The incidence of abnormal ECG findings are significantly 

higher in severe MVP compared to mild MVP. The sites of all the changes recorded on 12-

lead ECG are almost in left ventricle. This seems essential to discuss ECG changes as per 

evolution of left ventricular action potential to be observed in mitral valve prolapse. This 

would picturise the entire incidence step by step , as being dealt with in the subsequent pages. 

aVL 

II aVF 
III 

I 

V1 V2 

V3 

V4 V5 V6 

The inferoapical LV segment is the structure hallmark to be studied in Mitral Valve 

Prolapse. In this context inferior leads – II, III and aVF  and apicolateral leads – I, aVL , 

V5 ,V6 are mainly studied but the 12-suface ECG as a whole imparts more information.  
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 Fig. 1.3 



 
 

4.  Associated ECG changes : based upon the concept of ventricular 

action potential  
  

 

 

 

 

 

 

 

A mechanical traction on papillary muscles in systole and mitral valve leaflets dumping in 

diastole are the main factors responsible for observed ECG abnormalities in MVP.   

 Phase 0 : commonly no ECG abnormality detected.  

(except dilated Left ventricle in severe MVP , in some cases (prevalance rate of 6%) 

incomplete RBBB in the absence of ASD as a conduction delay defect) 

 

 Phase 1: Due to mechanical traction on papillary muscle in systole , there is   

               prominent outward movement of K+ ions for a transient period                  

               which results in a notch over the descending arm of QRS /or ST   

               segment or J point elevation : more frequent in young patients with  

               MVP.  

       This is seen in 74% of patients (51% in inferior leads and 23% in I  

                        and aVL leads) -  designated as Reverse Δ-wave as a possible sign    

                                           in electrocardiography to diagnose mitral valve prolapse.   

 

 Phase 2 :  
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Intracellular 

This phase actually corresponds to the ventricular contraction.  

 Horizontal ST segment with a sharp-angled ST –T junction is 

observed in J-point elevation repolarization abnormalities. 

 

 A mechanical traction on papillary muscle in systole with mitral 

valve leaflets dumping in diastole seems to be main factors for  

ST depression.  

There exists double routes for LV volume ejection –leaked mitral 

valve and normal aortic valve outflow tract. Most probably this 

may the reason for the short lasting ST depression in MVP. 

NB : Patients with normal autonomic drive with high level of 

catecholamines have demonstrated ST-segment depression after 

hyperventilation as well as after exercise. Patients who display ST 

segment depression at rest or increased ST segment depression 

after hyperventilation and in whom the depression tends to 

normalize after a lag period of rest, do not have apicardial CAD 

(Normal coronary angio).  

ST depression 

(A sincere effort has been made to explain ECG changes in MVP on the basis 

of ventricular action potential). 

 Fig. 1.4 

 Fig. 1.5 

 Fig. 1.6 

 Fig. 1.7 



 
 

 

 Phase 3 : 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 Phase 4 :  
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This phase correspond to repolarization being reflected on ECG in 

the form of T wave. 

 

 T wave may be upright indicating recovery from the mechanical 

strain on papillary muscle - somewhat relaxed mitral valve 

leaflets due to dumping in diastole. 

  

 T-wave inversion may reflect ischemia over the inferior wall as 

a result of traction on the papillary muscle by the prolapsing 

mitral leaflets.  

 Inverted T waves in inferior leads with a wide frontal plane 

QRS-T angle (the involvement of inferior leads tends to 

deviate the T wave axis beyond -300 while QRS axis remains 

almost within the normal range , usually 800-1000). .  

 T wave inversion in the precordial leads : usually limited to 

the right , the mid or the left precordial leads. This is to be 

noticed that the T wave inversion may be present throughout 

in all the leads but this is an uncommon finding.  

 The isolated T wave inversion in the mid precordial leads 

(V3 and V4) sparing the rest precordial leads with upright T 

wave.  

T wave changes may normalize spontaneously , unrelated to 

physical effort , emotional upset or alteration in heart rate.  

  

This phase is the resting phase on ECG being reflected by TP 

segment – an isolectric line.  

 

Sometimes patient with native mitral valve infective endocarditis 

with concomitant acute pericarditis may have downward sloping of 

TP segment – known as ‘Spodick sign’.During phase 4 , due to 

epicardial injury as occurring in acute pericarditis , the vector is 

directed from epicardium to endocardium resulting in downward 

sloping of the TP segment. One should also look for the other 

evidences of acute pericarditis.  

II 

Spodick Sign 

T 
P 

 Fig. 1.8 

 Fig. 1.9 



 
 

 Prolongation of QT interval  

This may prove itself to be arrhythmogenic in nature. 

Sometimes ventricular dispersion during repolarization is associated with MVP even 

without the prolongation of QTc interval.  

 

 Cardiac arrhythmias  

Premature ventricular contractions account for the majority of the cardiac 

arrhythmias.The following factors might be responsible for  ventricular arrhythmias 

arrhythmias : 

 Traction on papillary muscles in systole and valve leaflet dumping in diastole 

may serve as a mechanical trigger for ventricular arrhythmias. 

 Endocardial friction lesions in the left ventricle may also serve as a focus of 

arrhythmias as well. 

 LV remodelling associated with a dilated LV has been correlated with the 

manifestation of ventricular arrhythmias.  

 Increased dispersion of refractoriness in the absence of QT prolongation.  

 Some pathological studies have indicated that a cardiomyopathic process 

accompanying MVP or the autonomic nervous system dysfunction may play a 

role. 

Atrial and ventricular arrhythmias  

o Premature ventricular contractions – 58%-89% 

o Complex ventricular ectopy – 43%-89% 

o Premature atrial contraction – 35%-90% 

o Paroxysmal atrial tachycardia – 3%-32% 

Delayed afterdepolarization – induced triggered activity is the mechanism , with stretch and 

fibrosis of the papillary muscle contributing to the genesis of such vent.arrhythmias.  

Premature ventricular beats may have a short coupling interval , initiating R on T phenomenon.  

 

 The presence of a dilated left ventricle in severe MR may imply a period of LV 

remodelling – such remodelling can allow MR to be tolerated with no significant 

symptomatology by increasing the stroke volume. 

 

 Left atrial enlargement due to mitral reagitation  

 

 Malignant subset of MVP 

This electrocardiographic abnormality is found to be associated with increased risk of 

sudden cardiac death. This entity is characterized by its onset in young females with 

prolapse of both the leaflets resulting in biphasic or inverted T waves in the inferior leads 

with the occurrence of frequent complex ventricular ectopies with documented evidence 

of bigemini or ventricular tachycardia.  
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 Sudden cardiac death 

Impaired autonomic function is claimed to be responsible for postural hemodynamic 

changes , cardiac arrhythmias and even syncope in patient with MVP syndrome but it 

would be very difficult to say which mechanism – either arrhythmogenic , neurohumoral 

or hemodynamic is the causative factor for sudden death in these patients.  

5. Some ECG illustrations in MVP  

 
ECG No. 1 

 

 

 

 

 

 

 

 

 

 

History : 

58 years old lady C/O palpitation , chest pain , no history of Diabetes mellitus and 

Hypertension.  

Findings on ECG : 

 Sinus tachycardia  

 Reverse  sign over inferior leads II, III , aVF ; I and aVL (obvious on zooming ECG 

tracings). 

 ST segment depression with T inversion over the inferior leads. T axis at -450 and 

QRS axis at +900 (QRS-T angle = 1350). 

 Incomplete right bundle branch block (lead V1) 

Discussion : 

 The above mentioned ECG findings in the presence of reverse  sign point towards 

the possibility of mitral valve prolapse.  

 Variable degrees of intraventricular conduction delay including incomplete RBBB in 

the absence of atrial septal defects has also been reported.  

 Cardiac echo shows mitral valve prolapse (AML) with mild trivial mitral 

regurgitation with normal dimension of LV (EF = 64%). 
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Source : Dr. R. Rajasekar , Senior Consultant Diabetologist and Physician , Kumbakonam  



 
 

 

ECG No. 2 

 

 

 

 

 

 

 

 

 

 

History : 

17 years old boy got admitted with wheezing and cough with haemoptysis since 5 days. He 

has a  similar history since 5 years 

Findings on ECG : 

 Heart rate = 94 bpm  

 A reverse  sign present either over the descending QRS limbs or appearing just 

immediately after the QRS transforming the ST segment with somewhat dipped 

appearance ( please  see in inferior leads II, III and aVF) 

 T wave mostly upright except in aVL , V1-2 but within normal limits.  

 R in V5 more than 26 mm with q over V5-6 with up T = left ventricular hypertrophy 

with diastolic overload.  

 P terminale in V2 with negative component > 0.04 sec = ? left atrial enlargement.  

 Spodick sign + nt throughout (obvious on zooming the tracing) – there is also mild PR 

depression most obviously over anterolateral leads and inferior leads plus PR 

elevation in aVR compared to ST segment in the same lead. This points towards 

concomitant acute pericarditis.  

 

Discussion : 

 The presence of LVH with LAE associated with reverse  sign and Spodick sign 

might indicate MVP associated with concomitant ? acute pericarditis.  

 

 

 

 

Source : Dr. SS  Lakshmanan , Senior Consultant Physician at Chennai (CME INDIA  , 22.04.2022) 
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Cardiac Echo 

 Mitral valve prolapse seen with trivial MR  

 Mild TR with mild PAH/EPAP : 39mmhg  

 No rmwa, N Systolic and diastolic function LVEF 62%, No clot /PE , Intact septal 

Impression : Mitral valve prolapse with pulmonary hypertension 

 HRCT of both the lungs  

 Diffuse emphymateous  and bronchiectatic changes might be responsible for 

pulmonary hypertension observed under cardiac echo. 

Other characteristics associated with this patient : 

Height 168 cm. 

Arm span 174 cm. 
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The “wrist sign” is positive when the 

thumb overlaps the fifth finger when 

grasping the contralateral wrist. 

Please also see the long slender fingers 

of the outstretched hands.   

There is a presence of clubbing of the 

fingers as well most possibly due to 

associated bronchiectasis (please see 

HRCT reports of both the lungs)   

The “thumb sign” is positive when the thumb 

extends well beyond the ulnar border of the hand 

when overlapped by the fingers.  

Pectus excarvatum (caused by excessive 

longitudinal growth of the ribs)  

Impression : Marfan syndrome with respiratory system involvement    

 Fig. 2.0 

 Fig. 2.1 

 Fig. 2.2  Fig. 2.3 



 
 

 

 

ECG No. 3 

 

 

 

 

 

 

 

History : 

A 26 years lady with recurrent palpitation  

Findings on ECG : 

 Heart rate = 200 bpm (SVT) 

 QRS axis + 700 and T axis – 1300 (prolongation of QRS-T angle) 

 PR interval is shortened 

 ST depression with T inversion over leads II, III , aVF , I , V6 , ST depression also 

over V5-6. 

 R wave in V6 > R in V5 = Left ventricular hypertrophy 

 Reverse  sign is obvious over V6 (not detected in other limb leads) 

 

 

 

 

 

 

Cardiac Echo : 

 Shows MVP with moderate to severe MR  

Discussion : 

 Supraventricular tachycardia in the mitral valve prolapse is usually related to high 

frequency of accessory tracts. Rest ECG is not available and so further comment is 

not possible. Electrophysiological studies are usually required to diagnose these 

accessory pathways.  

 

 

Source : Dr. Varun , Senior Consultant Cardiologist at Orchid , Ranchi (CME INDIA, Feb 06 , 2022 ) 

Reverse  sign 
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6. Concluding remark 

This would be easier to grasp ECG changes associated with MVP in the light of the 

‘Parachute mechanism’ involved with the dysfunctioning of the mitral valve apparatus, as 

mentioned below : 

o Mitral regurgitation (MR) due to the parachuting of mitral valve leaflets into the left 

atrium.  

o Papillary muscle traction by the prolapsing leaflets leading to mechanical endocardial 

stimulation + endocardial traction lesions in the wall of left ventricle.  

Abnormal ECG findings are often observed in mitral valve prolapse in relation with leads – 

II, III , aVF and I ,aVL ,  V5-6 . The incidence of abnormal ECG findings are significantly 

higher in severe MVP compared to mild MVP. The sites of all the changes recorded on               

12-lead ECG are almost limited to the left ventricle. 
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A destructive ‘Fire for the Heart’ is standing in front but in disguise – tossing the mind how 

to bend the crisis. This is the emergency to recognize this wavy tide , otherwise the battle of 

life would be lost.   

Clinicians with scholarly laborious endeavour always try their best to recognize the different 

facies of such alarming situations – say , with ongoing chest pain they seek the ECG pattern 

whether this belongs to malevolent anterior STEMI equivalent , missing this entity means 

impending death. 

O UNIVERSAL SEER – impart us the knowledge to conquer the battle of life in the interest 

of humanity.      

1.  Introduction 

This ECG pattern was first reported in 2008 in a case series elaborated by a group of Dutch 

cardiologists Robbert Jan de Winter , Verouden NJ, Wellens HJJ et al. They recognized this 

entity as an anterior STEMI equivalent – representing LAD coronary artery occlusion 

without meeting the traditional criteria of ST elevation. The 12-lead ECG revealed the 

following mass of information as observed by this group of researchers. 

 

 

 

 

 

 

These findings as a group are nomenclatured as ‘de Winter pattern ECG’. This pattern is a 

marker of acute occlusion of left anterior descending (LAD) coronary artery , and this proves 

to be a very helpful in diagnosing this condition. This group of researchers observed this 

ECG pattern in 30/1532 patients with acute LAD occlusion pointing to its prevalence to be 

2% of acute LAD occlusion , but a recent study suggests a higher prevalence.   

The history was repeated in 2009 when Verounden et al also reported the same findings in 

their new case series study. They observed this de Winter ECG pattern in 35/1890 patients 

requiring revascularization by PCI to the culprit LAD coronary artery. They also reported its 

prevalence to be 2% with such cases. The patients with their group were younger, more often 
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ST 

T 
ECG diagnostic criteria 

 Tall, prominent, symmetrical T waves in the precordial leads 

 Upsloping ST segment depression > 1mm at the J point in 

the precordial leads 

 Absence of ST elevation in the precordial leads 

 Reciprocal ST segment elevation (0.5mm – 1mm) in aVR 

 Fig 1.1 

https://litfl.com/hein-wellens/
https://litfl.com/j-point-ecg-library/


 
 

to be male and with a higher incidence of hypercholesterolemia , compared with a classic 

STEMI pattern.  

Unfamiliarity with this atypical high risk ECG pattern with the clinicians may land the patient 

with negative effects on morbidity and mortality. Immediate reperfusion therapy by PCI or 

thrombolyis if PCI facility is not available within the range , is the need of this emergency 

hour. Therefore, a prompt recognition of such ECG pattern is critical to ensure the timely 

application of reperfusion therapy. This must be recognized that this pattern is associated 

with a mortality of approximately 27% with the first week.  

2. Pathological basis of ‘de Winter pattern ECG’ 

The basic lesion is subtotal occlusion of proximal LAD (mostly tight) resulting in 

subendocardial ischaemic insult. 

There are two important points to be discussed here : 

 The pattern of subendocardial ischaemic insult.  

 The role of ischaemia induced hypoxia with the activation of sarcolemmal KATP . 

 

The pattern of subendocardial ischaemic insult.  

The pathophysiological changes observed in this condition are supported by CE-CMR 

(Contrast-enhanced cardiovascular magnetic resonance). 

Transmural myocardial oedema with full thickenss of the involved myocardium but non-

transmural late-enhancement (not reaching to the epicardium),  pointing towards that the outer 

subepicardial layers is preserved from dying. This means there is considerable subendocardial 

necrosis with a preservation of a peripheral rim of subpericardial tissue.  

The presence of collateral circulation associated with this condition might have provided 

subsidiary coronary circulation with saving the subepicardial myocardium from necrosis.  

 

The role of ischaemia induced hypoxia with the activation of sarcolemmal KATP  

 Under normal metabolic conditions , cardiac sarcolemmal KATP channels keep 

themselves closed. However , these channels can be opened when being exposed to a 

severe metabolic stress such as ischaemia induced hypoxia.  

 KATP activation during ischaemia causes hyperpolarization of the cardiac membrane 

with a downregulation of Ca2+ - dependent excitation-contraction coupling and thus , 

preserving ATP level as cardiac energy with a temporary protection of a small number 

of cardiac myocytes or region of the heart. That’s why , the KATP activation during 

ischaemia is likely to be cardioprotective in nature. The entire concept of 

cardioprotection is illustrated by the  following sketch : 
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KATP belongs to inward 

rectifier channel pushing the 

K+ inside the cardiac cells 

resulting in hyperpolarization 

of the cardiac membrane 

towards negativity, action 

potential ceases transiently 

during this period.  Fig 1.2 



 
 

 

These two impacts resulting from subtotal occlusion of proximal LAD keeps subendocardial 

region in the state of ischaemic insult with sparing of the subepicardial region from its 

catastrophic effect.  

It should be noted here that the activation of sarcolemmal-sensitive potassium (KATP) channel 

– an important cardioprotective mechanism is presumed to be operated due to a mutation in 

Kir 6.2 gene.   

3. The interpretation of de Winter wave on the basis of Ventricular 

Action Potential 

 

 

 

 

 

 

The most probable pathophysiologic background in de Winter pattern :  

o A regional subendocardial ischaemia with myocardial protection  through collateral 

circulation with preservation of a small rim of subepicardial tissue.  

o Hypoxic-driven opening of the ATP-dependent Potassium channels limits 

subendocardial injury through cardioprotective mechanism , with simultaneous 

preservation of subepicardium from dying.  

NB : Voltage is the measure of energy available to transport electrons. This requires a 

gradient (more energy on one side than the other) – the flow continues until the  circuit 

reaches a common potential (equal charge) with no longer flow of current.  

 

 Phase 0 : The QRS waves are usually normal but occassionally some losss of R wave or 

poor R wave progression in the precordial leads may be observed.   

 

 Phase 1: This phase corresponds to the outward movement of K+ channels for a transient 

period – inscribed by a J notch on the descending limb of the QRS complex.  

J-point moves rapidly to the negative ST segment due to negative voltage gradient between  

endo-epicardium.   

 

 

                                 

ST 

T 

Intracellular 
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Fig 1.3 



 
 

 Phase 2 (plateau phase) :  Normally during this phase , there is a mutual exchange of 

Ca2+ and K+ ions across the cardiac membrane travelling across a homogenous ventricular 

myocytes with no current of injury resulting in isoelectric segment on ECG                               

(Corresponding to ventricular contraction). This is inscribed as isoelectric ST segment on 

ECG.  

 

In de Winter wave there is upsloping ST segment depression > 1mm at the J-point 

in the precordial leads , as depicted with the preceding illustration : 

Reasoning :  

 Subendocardial ischaemic insult with preservation of somewhat peripheral 

subepicardium from dying out       Negative voltage gradient between endo-

epicardium. 

 Upsloping of ST segment depression is possibly due to the rapid return of the 

negative voltage gradient towards the positive T wave.  

 

 Phase 3 : This phase corresponds to repolarization being reflected on ECG in the form of 

T wave (Normally T wave amplitude is <10 mm in precordial leads). 

 

Reasoning :  

 Peaked tall T wave is the expression of the shorter time duration between 

subendocardial and subpericardial repolarization (a shorter distance in 

between) with positive voltage gradient between endo-epicardium.  

 

 

 Phase 4 : This phase is the resting phase on ECG being reflected by TP segment – an 

isolectric line.  
No abnormality detected during this phase. 

 

 

 

4. Evolution of dWp to STEMI – a real catastrophe  

dWp was considered as a static ECG pattern in previous observations but a recent 

retrospective study seems to demonstrate that it is a transient ECG phenomenon.  

As the ischemic insult continues , the epicardial zone may be completely lost leading to 

enhancement denoted by transmural extension (i.e. endo-epicardial) , with the flow of current 

from endo-to-epicardium giving rise to ST segment elevation , manifested as evolving 

STEMI. The de Winter ECG pattern is transient and to be always dynamic. Patients with this 

ECG pattern can evolve to be presented as ST-segment elevation MI in precordial leads and 

vice versa, possibly due to ongoing thrombus formation and autolysis. 
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dWp STEMI 

Fig 1.4 



 
 

 

There would be no surprise at all if the clinician concerned observes the different facies of 

such evolution on ECG  with the ensuing hours of follow up , highlighting the variable nature 

of  this occlusive dWp.  

The clinical presentation of such de Winter pattern may lead to left ventricular dysfunction in 

course of time and possibly explains the frequent recurrences of chronic heart failure in such 

patients whose ECG has not reported significant decreased LVEF at the initial presentation.  

5. The reasoning behind recording ECG changes in precordial leads in 

dWp 

Proximal occlusion of LAD means occlusion before the origin of its diagonal branch – thus 

facilitating the ECG recording through V1-V6 (mainly V1-3). The entire scheme is illustrated 

by the following sketch : 

 

 

 

  

 

 

 

 

 

 

 

Leads V1-3 (V4-6) are the reflecting mirror for de Winter pattern to be recorded. This is also 

to be mentioned here that there is a reciprocal ST segment elevation in aVR i.e. the reversed 

mirror reflection of the precordial leads. Therefore , if the clinician finds tall , prominent , 

symmetrical T wave in the precordial leads, he should extend his vision of observation 

towards the other subsets of ECG findings in favour of de Winter pattern ECG. This would 

be very much helpful in diagnosing this condition if the patient complains of ongoing chest 

pain. Some clinicians regard leads V1-6 as the eyes through which dWp can be visualized 

easily.  
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6. ECGs illustration :  de Winter T wave 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG of a middle aged man presenting as severe chest pain since 3 hours. 

 

Comments :  

 Tall , prominent , symmetrical T waves in the precordial leads 

 Up sloping ST segment depression > 1mm at the J point leads , most marked in V2  

 Absence of ST elevation in the precordial leads  

 Reciprocal ST segment elevation (0.5mm) in aVR 

 

De winter Pattern has a high positive predictive value (95.2%-100%) suggestive of acute 

occlusion of proximal LAD coronary artery.   

 

De winter T wave  

 First reported by De winter in 2008 – ECG pattern is an anterior STEMI equivalent  

 Key diagnostic points = peaked T waves and sloping ST depression in precordial leads 

 

 

Management  : Thrombolysis (PCI facility was not available within the time range) 

Post Thrombolysis ECG (persisting Q wave from V1-V5 with the normalization of tall T 

waves) 

 

 

 

 

 

 

 

 

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

The portrait of ECG discussed so far points towards a particular pattern associated with de 

Winter entity which keeps it as a separate STEMI equivalent but in disguise. Its diagnosis is 

usually missed in clinical practice with subsequent catastrophe. An intelligible approach 

towards this pattern may be correctly understood once a clue has been found ; a diction that 

holds true for any secrecy to be revealed. 

In patients presenting with anginal syndrome and upsloping ST-segment depression with 

peaked tall T wave , combined with the absence of classic ST elevation in precordial leads on 

12-lead ECG would be suffice to signify occlusion in the proximal LAD coronary artery. The       

de Winter pattern has a high positive predictive value (95.2% -100%) suggestive of acute 

occlusion of CAD. It would be correct to say that its identification by ECG pattern opens the 

door of timely investigation and revascularisation of the concerned coronary artery and the 

life of the patient would be saved.  
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Two phenomena – protection and destruction have been chasing each other since time 

immemorial. Protection keeps us alive and luminous in life– upholding the Bio-tissues  to run 

smoothly with hero-force. On the contrary , the destruction does the reverse and the hour of 

adversity sets in life. These are the two sides of the same coin.  

O heart thou is protected from the throatling hands of thrombosis in coronary circulation by 

the process of auto-thrombolysis with reperfusion – but might be ruined again by the gloomy 

blow with the resetting of thrombosis.  

The phenomenon of cardio-protection kneels down and is squeezed by the brutal force of 

destruction. Protection is the comedy and destruction is the tragedy.                                                                                                                                         

So is the basis of Wellens’ syndrome – protection is chased by destruction. Pre-infarction 

state is turned to infarction state.        

1.  Introduction 

Wellens’ syndrome denotes an abnormal electrocardiography (ECG) pattern ,  deeply 

inverted or biphasic T-waves mainly on leads V2 and V3 , subsequently to critical proximal 

LAD occlusion in patients with unstable angina , who have passed through auto-thrombolysis 

of the clot before complete myocardial infarction sets in.   

This is also known as anterior descending T-wave syndrome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

Wellens’ syndrome on ECG : a pre-infarction state  

evolving to infarction state  

| 46 

Biphasic T-wave (the initial 

positivity and terminal 

negativity) 

Deeply inverted and              

symmetrical T-wave 

Type I Wellens’ 

Syndrome 
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Syndrome 

 Fig. 1.1 



 
 

This is worthwhile to mention here that the patients with this syndrome comes to the 

clinicians in a pain-free state and with normal or  slightly elevated cardiac markers with the 

recent history of preceding anginal pain in the background.  

This syndrome results from  temporary obstruction of  LAD coronary artery , usually 

caused by the rupture of an atherosclerotic plaque leading to LAD occlusion with 

subsequent auto-thrombolysis of the clot before complete myocardial infarction sets in.  

THIS IS CARDIO-PROTECTIVE PHENOMENON. 

 

This is also to be noted here that 75% of the patients with such ECG findings would 

lapse into acute anterior wall myocardial infarction usually within a week.  

THIS IS THE CARDIO-DESTRUCTIVE PHENOMENON.  

Protection is the comedy and destruction is the tragedy. To prevent such a tragedy,  

intervention by urgent PCI (percutaneous corornay intervention) is needed.  

2. Historical background   with Red Tails story  

A step towards the understanding of the history behind the evolution of Wellens’ syndrome 

might enable us to deal more efficiently with the present problem.  

Deep in evolution there are so many gallops of discoveries – red tails events in the history 

bringing a renewed knowledge over the surface which paves the pathway towards a better 

understanding of this syndrome.  

Dr. Zwaan , Wellens et al (1982) , a group of cardiologists from Netherlands reported some 

notable findings , while observing their  patients admitted for unstable angina.  

Their findings are summarized as below : 

 They described a subgroup of patients with an unstable angina (26/145 = 18%)  

having typical T-wave changes in precordial leads with negative cardiac enzymes but 

with poor outcome. 

 All patients received relief of chest pain on conservative management but 8 of the first 

9 patients developed anterior mycoardial infarction and three died – a poor prognostic 

outcome (The average time for infarction following such ECG changes was ranging 

from Day 1 to 23 ; with the average of 8.5 days). 

 Some patients who underwent cardiac catheterization with coronary angiography 

were found to have greater than 90% stenosis in the proximal LAD.  

 

In a second prospective study initiated by de Zwaan et al , 180 out of 1260 (14%) patients for 

unstable angina were detected to have typical T changes on ECG. All 180 patients underwent 

catheterization and all were found to have at least 50% blockade of LAD.  

In nutshell as per their observation , there exists a subgroup of unstable anginal patients 

showing typical T-wave changes on ECG with poor outcome - such patients are usually 

turned to anterior myocardial infarction within a few days. That’s why , this ECG pattern 

with typical T changes are in particularly high risk of developing an extensive myocardial 

infarction representing as Red Tails story.   
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3. A diagnostic approach to Wellens’ syndrome 

It is obvious by the foregoing discussion that Wellens’ syndrome represents the 

reperfusion state of thrombolysed LAD circulation without having the impact of 

myonecrosis. Therefore , the definition of this syndrome must include the evidence of 

reperfusion-injury on ECG as T-wave changes without the evidence of myonecrosis. 

 

Diagnostic criteria for Wellens’ syndrome include : 

 

 Reperfusion injury-related repolarization 

Deeply inverted T-waves or biphasic T-waves (with initial positivity and termianal 

negativity) is commonly seen on leads V2 and V3. However , if the lesion is more 

proximal in the LAD , the T-wave changes would be more widely spread along the 

precordial leads.  

These T changes on ECG are present with a pain free state. 

PLUS 

 Without the evidence of acute anterior wall myocardial infarction  

such as  

o ECG without Q wave with isoelectric or minimally elevated ST segment - 

<1mm and with the absence of precordial poor R wave progression.   

o Normal or slightly elevated cardiac marker (in one prospective study, only 

12% of such patients had elevated cardiac enzymes, and these elevations were 

less than twice the upper limit of normal). 

 Recent history of unstable angina coinciding with the previous temporary LAD 

occlusion.  

 

It is to be noted that there is a lack of universal definition for a preserved precordial R-

wave progression but common criteria include :  

 

 

 

 

There are two patterns of T-wave in Wellens’ syndrome : namely Type 1 biphasic T-wave 

with initial positivity and terminal negativity (approximately in 25% of cases) and Type 2 

with deeply and symmetrically inverted T-wave (approximately in 75% of cases). Type           

T-waves are usually evolved into Type 2 T-waves. These T-wave abnormalities may be 

persisting for hours to week.  

 

Wellen’s syndrome is not always an acute process – can develop over days to weeks. Already 

mentioned that these ECG pattern develop when the  patient is not experiencing the chest 

pain. The recurrence of chest pain indicates the onset of impending acute anterior wall 

myocardial infarction.  
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 R-wave > 2-4 mm in V3 or V4 

 R-wave in V4>V3 or V3>V2 

 R-wave in V3 > 3mm 



 
 

4.  Pathophysiology 

The pathophysiology of Wellens’ syndrome can be summarized as follows : 

o Wellens’ syndrome follows a temporary  obstruction of the LAD coronary artery 

which is commonly caused by the rupture of an atherosclerotic plaque , with 

subsequent thromobolysis before complete myocardial infarct has set in.  

o The exact mechanism of the ECG changes in Wellens’ syndrome is still unknown but 

this is postulated that it is caused by transmural ischemia-reperfusion mechanism 

leading to myocardial edema.  

o There is a red alert because 75% of such cases may turn into acute left anterior wall 

myocardial infarction due to reocclusion of proximal LAD coronary territory.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Evolution of ECG changes in the light of pathological scenario  

The following sequence of events is thought to occuring in Wellens’ syndrome : 

Pathological changes ECG changes  

 Temporary obstruction 

in proximal LAD 

coronary artery  

This phase may cause + anginal chest pain. This stage may 

not be successfully captured on ECG – it may show mild ST 

elevation or depression, or terminal negative deflection of the 

T-wave in V1 and V2. 

 

 Reperfusion +  

pre-hospital aspirin.  

 

There is resolution of the chest pain - ST elevation improves 

with typical biphasic or inverted T-waves (If the artery 

remains  open the biphasic T-wave would evolve to deeply 

inverted T-wave).  

 LAD can reocclude at 

any time 

With the recurrence of anginal chest pain , the ST segment 

and T-wave pattern appear to normalize into hyperacute        

T-wave. So called “Pseudo normalization”. This is a sign of 

hyperacute STEMI. If the artery remains occluded , the 

patient can develop an evolving anterior STEMI with its 

characteristic features on ECG.  

  

 “Stuttering pattern” with 

intermittent reperfusion 

and reocclusion  

As alternating ECGs patterns – Wellens’ and Pseudo 

normalization / STEMI.  
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Ongoing pathological changes in LAD coronary circulation 

A temporary obstruction in proximal LAD coronary artery  

Transmural ischemia - reperfusion injury with myocardial  oedema 

Reocclusion of LAD circulation leading to STEMI 

Thrombolysis  

Unstability 

 Fig. 1.2 



 
 

NB : These sequence of events as discussed in the previous page are not limited to the 

anterior chest leads only – similar changes may also be seen in the inferior or lateral leads 

according to the occlusion of RCA or LCx in addition.  

 

Pseudo-Wellens’ syndrome 

Coronary artery spasm in LAD may also be responsible for the genesis of Wellens’ syndrome 

, defined as Pseudo-Wellens’ syndrome – rarely reported in the literature , after the resolution 

of the spasm, coronary flow is restored leading to reperfusion injury-related repolarization 

abnormalities depicted on ECG in precordial leads with typical inverted or biphasic T-waves, 

as described before. 

The causative factor for ‘Pseudo-Wellens’ syndrome’ may include the use of Cocaine / 

Marijuana and another rare cause is myocardial bridging in which the coronary artery tunnels 

under a bridge of myocardium resulting in LAD coronary artery stenosis. Additionally, the 

Wellens pattern can be seen in Takotsubo cardiomyopathy, which is thought be the result of 

myocardial edema.  

5. Understanding Wellens’ syndrome on the basis of ventricular action 

potential  

 

 

 

 

 

 

 

The pathophysiologic background in Wellens’ syndrome : 

o A temporary obstruction of the LAD coronary artery , commonly caused by the 

rupture of an atherosclerosis plaque , the subsequent thrombolysis before complete 

myocardial infarct sets in.  

o The next is transmural ischemia – reperfusion injury leading to myocardial oedema.  

 

NB : The description as noted below is in context with Wellens’ syndrome (pain-free period). 

 

 Phase 0 : This phase corresponds to depolarization reflected on ECG as QRS wave.           

Since there is reperfusion in the initial stage without myocardial infarction , the changes 

recorded are absence of Q wave with intact R wave progression.  

 

 Phase 1: No abnormality detected. 
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Intracellular 

 Fig. 1.3 



 
 

                                 

 Phase 2 (plateau phase) :  Normally during this phase , there is a mutual exchange of 

Ca2+ and K+ ions across the cardiac membrane travelling across a homogenous ventricular 

myocytes with no current of injury resulting in isoelectric segment on ECG                               

(Corresponding to ventricular contraction). This is inscribed as isoelectric ST segment on 

ECG.  

 

Isoelectric or minimally elevated ST segment < 1mm 

Reasoning :  

 Isoelectric ST segment is inscribed due to the preservation of myocardium 

without myonecrosis.  

 Minimally elevated ST segment (<1mm) might represent the very minimal 

residual impact by the temporary occlusion of LAD artery.  

 

 Phase 3 : This phase corresponds to repolarization being reflected on ECG in the form of 

T-wave. 

 

 

 

Biphasic T-wave (with initial postivity and terminal negativity) is followed by 

deeply inverted T-wave.  

Reasoning :  

 Myocardial ischemia – reperfusion injury results in local myocardial oedema 

which can change the direction of ongoing repolarization process. Due to the 

delay in passing the current through this oedematous myocardium – the 

current flows uniformly through the opposite direction i.e. from the 

subendocardium to the subepicardium. This produces symmetrical deep              

T-wave inversion.  

 In the initial stage of partial oedematous myocardium the first half of the wave 

with initial positivity and the terminal part with negativity.  

 

 Phase 4 : This phase is the resting phase brought about by ‘Na+K+ -ATP’ mechanism.  

No abnormality detected during this phase. 

 

 

 

6. The reasoning behind recording ECG changes in precordial leads in 

Wellens’ syndrome 

The diagnostic leads for T-waves of Wellens’ syndrome are V2 and V3 , corresponding with 

a lesion in between the first (S1) and second (S2) septal branches of the LAD. However , if 

the lesion is more proximal in the LAD , the T-wave changes will be more widely spread 

along the precordial leads ranging from V1 to V6. 

The sequence of events related to Wellens’ syndrome is not related to anterior chest leads 

entirely – similar changes may be observed also in the inferior or lateral leads according to 

the occlusion of RCA or LCx in addition.  
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The entire concept is depicted with the following sketch : 

 

 

  

 

 

 

 

 

 

7. Differential diagnosis with the inverted T-wave in the adult patient 

Wellens’ syndrome has a typical appearance on ECG. But at times it may be confused with 

other ECG entities , some of them are discussed below (a thorough history is a must to reveal 

the true pathological nature). 

 Primary T-wave inversion  

T-wave inversion , without concurrent changing in the orderly sequence of activation – 

as a result of global or segmental pathological processes that affect ventricular 

repolarization.  Here  T-waves are symmetrically inverted.   

 Persistent Juvenile T-wave pattern : Normal variant , more commonly in young 

women , especially African , American women – inverted T-waves  (biphasic           

T-waves in some cases) appear in leads V1-V3. The inverted T-waves are 

symmetric less than 3 mm deep. This pattern continues into young adulthood , 

and therefore , the name Persistent Juvenile pattern.  

 ‘Normal Variant’ STE with biphasic T-wave : Always seen in young male 

population , particularly African, American males , with very high QRS voltage 

with notching at J-point (fishook) with ST segment being concave upwards 

followed by deep downward T-wave. QT interval tends to be short.   

 Pulmonary embolism : Inverted symmetrical T-waves in right-sided chest leads 

with other signs of right heart strain , such as right axis deviation , RBBB or the 

‘S1Q3T3’ pattern and associated sinus tachycardia.  

 CNS injury (stroke , subarachnoid hemorrhage or intracereberal hemorrhage) 

T-wave inversion very similar to those seen in Wellens’ syndrome but here 

usually occurring ST segment depression , QTc prolongation with associated U 

waves. 
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Anterior / 
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V3 
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 Fig. 1.3 
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 Acute coronary insufficiency  : Sometimes presented as deep symmetrical       

T-wave inversion with an isoelectric ST segment that is usually bowed upward 

(i.e , concave), history is important in this context.  

 Digitalis effect : T-wave abnormality is biphasic T-waves with initial negative 

deflection and positive terminal deflection (reverse the pattern seen in Wellens’), 

usually seen in leads with prominent R wave (V4-V6). Most commonly 

associated abnormality is a downsloping ST-segment with a characteristic 

scooped appearance.  

 Hypokalemia : Biphasic T-wave initially negative with terminal positivity due to 

the merging of inverted T-wave with the positive U-wave.  

 Secondary T-wave inversion  

T-wave changes result from aberrant ventricular activation in context with normal action 

potential. Here T-wave inversion is asymmetrical in nature (with a gradual initial 

downslope and abrupt return to the baseline). 

Examples include bundle branch block (eg. right in this context) , ventricular                         

pre-excitation (WPW syndrome), uneven ventricular hypertrophy etc. 

 

8. Illustration of Wellens’ syndrome by ECGs 

 

ECG 1 

 

 

 

 

 

 

 

 

 

 

A middle aged smoker male presented with preceding chest pain (since 8 hours) with Trop I 

negative.  

Findings :  

 Biphasic T-wave with initial positivity and terminal negativity in leads V1-V3. 

 Absence of precordial poor R wave progression.  

 Somewhat deeply inverted T-wave in leads V4-V5 , also in lead aVL.  

 

Discussion :  

 These T-wave changes are more widely  spread along the precordial leads and lead aVL 

as well. Therefore , the lesion is more proximal in the LAD. The lesion is also 

extending to aVL – pointing the involvement of LCX in addition. 

 Since the lesion is admixture of both biphasic and negative T-wave in precordial leads,  

this indicates the lesion is towards the progression of the next phase Type II.  

Basically it is Type I Wellens’ syndrome.  
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This ECG shows : 

 Deeply inverted T-waves in leads V1-V6 with minimally elevated ST segment less than 

1 mm. 

 The absence of precordial poor R wave progression  

 Troponin 1 : normal  

Discussion :  

 The findings are consistent with Type II Wellens’ syndrome.  

 

9. Concluding remark 

The ECG findings as discussed with the context of Wellens’ syndrome are to be diagnosed 

properly , keeping in mind that acute myocardial infarction may set in endangering the life. 

The definite treatment remains only cardiac catheterization with percutaneous coronary 

intervention (PCI) directed to the concerned site.  

It would be worthwhile to mention here that a stress test should be avoidened as this can 

precipitate an acute myocardial infarction and sudden death.  
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(STEMI EQUIVALENT) 



 
 

 

% 

  

DR. D.P. KHAITAN 

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

 

OCCLUSION MI (OMI) IN DISGUISE- ‘ PATTERNS TO BE AWARE OF’                                     

(STEMI EQUIVALENT) 

ECG 

OUTLINE 

Introduction  

Occlusion myocardial infarction (OMI) is a new emerging concept of ACS 

representing a near or total occlusion with insufficient coronary circulation 

resulting in active myocardial infarction - to be diagnosed in the  absence of 

traditional ST elevation on ECG remains a ‘Herculean task’ 

References 

Concluding remark 

A Spy key to open the door of ‘occlusion myocardial infarction’ –           

a pertinent electrophysiological consideration  

 (Evolution of ECG changes in the light of pathological scenario) 

A concept of Pseudo-Wellens’ syndrome also included  

A working classification of ‘occlusion MI’ based on ECG changes  
 Alteration in T-wave 

o Hyperacute T-wave (HATW) 
o Peaked tall T-wave (de Winter pattern) 
o T-wave morphology in Wellens’ syndrome  

 Alteration in ST segment  
o ST elevation in aVR with consistent diffuse ST depression  
o ST depression in aVL 
o Posterior MI (reciprocal changes in anterior leads V1-V3) 

 As Bundle Branch Block pattern  
o New bifascicular block  
o OMI in the presence of LBBB 
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A culprit – if does the offence in disguise , it would be a ‘Herculean task’ to get him 

identified . One has to adopt the policy of identifying such situation as the police does in 

searching out the thief by his footprint impressions on the soil – even the smell of his clothes 

is utilized for the purpose. There are so other means , as well.  

This is so true also with STEMI equivalent ECGs – being manifested without ST elevation 

pattern and might be so ignored as Non-STEMI. These are actually ‘occlusion MI’ in 

disguise. Missing of such alarming pathophysiological entities means depriving the patient 

from the life saving procedure like PCI.  

Clinicians have been trying their best to search out ECGs imprints of such occlusion MIs 

like a spy. Knowledge works up for the knowledge – paving the diagnostic approach to 

the situation.  

 

1. Introduction 

Electrocardiogram (ECG) is considered as one of the most useful diagnostic aids for the 

identification of ST-segment elevation myocardial infarction. STEMI is diagnosed as a group 

of  symptoms consistent with acute coronary syndrome in the presence of new ST-segment 

elevation at J-point in at least two anatomical continuous leads of > 2 mm in  a male or > 1.5 

mm in a female over leads V2-V3 and/or at least 1 mm in other continuous leads or limb 

leads , in the absence of bundle branch block , LVH , or other non acute MI ST-segment 

elevation situations. There exist some STEMI equivalent patterns but in disguise on ECG, 

being the resultant of occlusion of the coronary arteries – a significant part of the left 

ventricle is thus jeopardized with a poor outcome. 

There are certain occlusion myocardial infarction patterns which don’t show this classical 

pattern of STEMI , as discussed above and therefore , keeping STEMI equivalent concept in 

mind one may be misguided in arriving to the diagnosis of acute coronary artery occlusion. 

STEMI equivalents on ECG represent coronary occlusion in the absence of the traditional 

STE criteria but presenting itself in disguise forms. The absence of ST elevation is not a 

reassuring sign that there is no major coronary event by occlusion. It becomes very essential 

to recognise this pattern within the time schedule to treat this condition by reperfusion 

therapy like PCI . ACCF (American College of Cardiology Foundation) / AHA (American 

Heart Association) guidelines recommend first medical contact to PCI device time (door to 

balloon time) of less than 90 minutes.   

 

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

Occlusion MI (OMI) in disguise – ‘patterns to be aware of ‘  

(STEMI equivalent) 
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 In 2018 , Meyers , Weingart and Smith put a new concept of ‘occlusion myocardial 

infarction’ (OMI) in the place of STEMI equivalent – a more reliable paradigm for detecting 

acute coronary occlusion. The following pitfalls have been observed by using the term 

STEMI equivalent.  

o The chance of missing the diagnosis of acute coronary occlusion remains upto 30% . 

o Accordingly , there is a lapse of time in salvaging the involved injured tissue by 

reperfusion therapy  and so making this situation further grave by increased morbidity 

and mortality.  

o Sometimes benign ST elevation on ECG is wrongly diagnosed as STEMI with 

unwarranted catheterization , exposing the concerned patients to the associated risks 

of coronary dissection + perforation , arterial punctures with bleeding and contrast 

associated nephropathy. 

Occlusion myocardial infarction (OMI) is a new emerging concept of ACS representing a 

near or total occlusion with insufficient coronary circulation resulting in active myocardial 

infarction - to be diagnosed in the  absence of traditional ST elevation on ECG remains a 

‘Herculean task’. 

2. A Spy key to open the door of ‘occlusion myocardial infarction’ –       

a pertinent electrophysiological consideration  

The following points are to be considered in this context  : 

 The current of injury met with myocardial ischemia/infarction is defined as 

jeopardized myocardial tissue with the loss of the power of transferring the ions 

across the membrane during repolarization. This injured zone is considered to be on 

the minus side of the voltage , compared to the healthy myocardium in vicinity. The 

current of injury is reflected on ECG either by ST segment elevation or depression 

depending upon the site of injury. 

 

 Voltage is the measure of energy available to transport electron. This requires a 

gradient (more energy on one side than the other) – the flow continues until the circuit 

reaches a common potential (equal charge) with no longer flow of current.  

 

 The direction of the flow of current would depend upon the site of tissue with 

current of injury, which permits the flow of current from higher voltage (+) of the 

healthy tissue towards the injured tissue having the lower voltage (-). 

It is the site of current of injury (subepicardial , subendocardial or transmural) which 

dictates the direction of the flow of current. 

NB : 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 effect on the TP segment created by 

the existing potential difference in between injured negative zone and healthy positive 

zone. Therefore , the ST segment only remains either to be elevated or depressed per 

se the site of injured area. 
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The current of injury associated with subendocardial myocardium has been illustrated as 

below : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Alteration in T’ wave.  

Normally , there is a outflow of K+ ions from intracellular compartment to 

extracellular compartment during the phase 3 , interrupting the isoelectric ST segment 

due to the newly created potential difference in between intracellular and extracellular 

compartment – the resultant situation is the genesis of positive T wave.  

  

 

 

 

 

 

 

 

o Hyperacute T-wave (HATW) : This is postulated that there is hyperpermeability 

related  K+ ions transfer from intracellular compartment to extracellular 

compartment over the infarct area resulting in hyperacute T wave. Hyperacute T-

 The current of injury is having a potential gradient at the ‘electrical border’ in 

between the ischemic and normal myocardium. 

 The current of injury will travel from normal myocardium having higher voltage 

(+) towards the lower voltage (-) of ischemic /necrosed myocardium. 

 Thus , the zone of subendocardial injury is accompanied by ST segment 

depression. 
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wave with > in two contiguous leads may be first sign of a developing infarct 

often preceding any STE. Hyperacute T-waves appear broad-based , often 

generally more symmetrical than the normal T-wave.   

 

 

 

 

 

There is no universal accepted definition of HATW , however it is accepted that 

the ratio of T-wave amplitude to the preceding QRS complex is of more 

significance than overall T-wave size. Dr Stephen W. Smith suggests that if any 

single T wave:QRS complex ratio in V1-4 is greater than 0.36, it represents acute 

MI, not subacute or old. 

A new upright T-wave in V1>V6 is considered as loss of precordial T-wave 

balance especially in favour of ischemia.  

o Peaked tall T-wave in ‘de Winter pattern’ (tWp)  

A regional subendocardial ischemia with preservation of a small ring of 

subepicardial tissue with alteration in T-wave morphology. 

Peaked tall T-wave is the expression of the shorter time duration between 

subendocardial and subpericardial repolarization. There is a shorter distance in 

between the subendcoardial zone of ischemia and preserved peripheral rim of 

subpericardial healthy tissue with a positive voltage gradient between endo-

epicardium.  

 

 

 

 

o Transmural ischemia-reperfusion injury with change in T-morphology in 

Wellens’ syndrome.  

 

o A temporary obstruction of the LAD coronary artery , commonly 

caused by the rupture of an atherosclerosis plaque with the subsequent 

thrombolysis before complete myocardial infarct sets in.  

o The next phase is transmural ischemia-reperfusion injury leading to 

myocardial oedema.  
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Fig 1.4 

https://hqmeded-ecg.blogspot.com/2020/


 
 

Biphasic T-wave (with initial postivity and terminal negativity) is followed by deeply 

inverted T-wave.  

Reasoning :  

 Myocardial ischemia – reperfusion injury results in local myocardial oedema which can change 

the direction of ongoing repolarization process. Due to the delay in passing the current through 

this oedematous myocardium – the current flows uniformly through the opposite direction i.e. 

from the subendocardium to the subepicardium. This produces symmetrical deep T-wave 

inversion.  

 In the initial stage of partial oedematous myocardium the first half of the wave with initial 

positivity and the terminal part with negativity.  

 

 

 

 

 

 

 

 To look at aVR lead  

 Lead aVR was previously supposed to have little diagnostic significance – since its 

vector is directed away from left ventricular depolarization. ST elevation > 1mm in 

lead aVR has been shown to be 80% sensitive and 93% specific for left main or triple 

vessel disease in patients with Non-STE acute coronary syndrome.  

.  

This aVR lead imparts a useful information viewing the right 

upper side of the heart such as outflow tract of the right 

ventricle and the basal part of the septum. This lead also gives 

reciprocal information from the lateral side of the left 

ventricular wall.  

 

 The Stipulated mechanism of STE in aVR has been proposed as the reciprocal 

changes to lateral left ventricular wall , or more specifically at the basal portion of 

interventricular septum  , or that of the outer flow tract of the right ventricle (RVOT). 

It is always rewarding to look at aVR in every case of occlusion myocardial infarction 

to be on safer side.  

 

 

Biphasic  T-wave (the 

initial positive and 

terminal negativity) 

Deeply inverted 

and symmetrical 

T-wave 

Type I Wellens’ 

Syndrome 

Type II Wellens’ 

Syndrome 
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Fig 1.5 

Fig 1.6 



 
 

 To look at aVL lead  

aVL is the only lead truly reciprocal to the inferior wall , since it is the only lead 

facing the superior part of the left ventricle.  

Coexisting presence of ST depression in aVL has been found to be highly sensitive 

for inferior STEMI. This has been described as reciprocal changes in aVL occurring 

in most patients with inferior wall MI  , and it may be the only early pointer of an 

impending MI.  

 

 

 

 

 

 

 

 

 

 Conduction defect associated with OMI 

o New RBBB and left LAFB  

It had been demonstrated that the proximal LAD septal perforators (S1,S2,S3)  

perfuse the right bundle block and anterior fascicle of the left bundle branch in the 

majority of the cases. This new bifascicular block may be the only pointer for 

OMI. 
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Vertical and horizontal planes are almost placed at 

right angle to each other.  

 

Lead aVL and inferior leads (II , III and aVF) are 

placed at more than 900 to each other.  
V1 

V2 
V3 
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LCx 

L Marginal A 
(Branch of LCx) Diagonal Br 

S1 

S2 

S3 

 

V4-6 

Anterior / 
Lateral wall (LV) 

Septal            
Branch 

LAD 

Fig 1.8 

Fig 1.7 



 
 

  New LBBB  with occlusion myocardial infarction  

Careful workup for the symptomatic patients of ACS with new LBBB is the need of 

the hour.  

o The concept of LBBB 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

Sequence:  Left ventricular activation through both the routes :  septal 

depolarization from right to the left ventricle (1) and myocardial connecting link in 

between right ventricle and left ventricle (2) leading to slurred / bifid R. 

(The left ventricle is still electrically predominant with LBBB       and therefore , 

produces grater voltages than the right ventricles) 

 

o STEMI manifestation in the presence of LBBB 

 

 

 

 

 

 

 

Changes during 

repolarization  

Illustration by concerned sketches  

1. Concordant ST 

elevation >1mm in 

leads with a positive 

QRS complex  

Sgarbossa criteria 
Score 5.  

 

 

 

 

 

 

SVT 

X 
1 

2 
3 

V1 

V6 
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R 

No q 

rS (or QS pattern) 

With the morphology of LBBB , the entire process of ventricular activation is 

oriented towards the left chest leads – the upper part of the left interventricular 

septum gets depolarized in the reverse manner from right to left , and the consequent 

stimulation of  the left ventricle keeps this as electrically predominant ventricle.  

R 

Concordant ST elevation  

ST elevation MI if superimposed upon the pattern of left bundle branch block (LBBB) 

brings about some fundamental changes in the morphology of repolarization pattern. 

Thus, new pattern of repolarization sets in with the elevation of ST segment with 

somewhat altered amplitude and even with ST depression, as depicted in the 

following table.   

Fig 1.9 

Fig  2.0 



 
 

2. Concortant ST 

depression >1 mm in V1-
V3 

Sgarbossa criteria 
Score 3. 

 

 

 

 

 

 

3. Sgarbossa criteria  

     Excessively discordant 

ST elevation>5mm 
     (Score 2)   OR 

 Smith-Modified 

Sgarbossa criteria  

Proportionally excessive 
discordant STE in > 1 

lead anywhere as  defined 

by > 25% of the depth of 
the preceding S-wave. 

 

 

 

 

 

 

 

 

NB : This criteria are specific, but not sensitive (36%) for myocardial infarction. A total score of >3 is 

reported to have a specificity of 90% to diagnose a case of myocardial infarction. 

 The Smith-Modified Sgarbossa criteria does not include the scoring system but includes either        

1 or 2 criteria as mentioned in the respective columns or modified criteria itself as mentioned in 

the last column as the positive evidence of MI in the presence of LBBB.  

 

3. A working classification of ‘occlusion MI’ based on ECG changes  

 Alteration in T-wave 
o Hyperacute T-wave (HATW) 

 

 

 

 
 

o Peaked tall T-wave (de Winter pattern)  

 

 

 

 

o T-wave morphology in Wellens’ syndrome 
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Concordant ST depression  

ST elevation  

Hyperacute T-wave is out of the proportion of preceding R-wave , with > 

two contiguous leads may be the first sign of developing infarct often 

preceding STE- these are broad based often generally more symmetrical than 

the normal T-wave.  

 Tall, prominent, symmetrical T waves in the precordial leads 

 Upsloping ST segment depression > 1mm at the J point in the 

precordial leads 

 Absence of ST elevation in the precordial leads 

 Reciprocal ST segment elevation (0.5mm – 1mm) in aVR 

 

 

Biphasic  T-wave (the initial 

positive and terminal 

negativity) 

Type 2 Wellens’ 

syndrome 

Deeply inverted and 

symmetrical T-wave 

Type 1 Wellens’ 

syndrome 

Fig  2.1 

Fig  2.2 

https://litfl.com/j-point-ecg-library/


 
 

 Alteration in ST segment  
o ST elevation in aVR with consistent diffuse ST depression  

 

 

 

o ST depression in aVL  

 

 

o Posterior MI (reciprocal changes in anterior leads V1-V3)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 As Bundle Branch Block pattern  
o New bifascicular block 

 

 

 

o OMI in the presence of LBBB 

 

 

More recent publications perceive this ECG pattern as consistent with left 

coronary main artery subtotal occlusion or complete conclusion with well-

developed collateral circulation , Triple vessel disease or LAD occlusion. 
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Any amount of ST depression in aVL with elevation of any degree with two 

contiguous inferior leads is highly sensitive for inferior OMI.   

aVL 

Typical ECG changes - reciprocal ST depression , tall R-

waves (reciprocal Q-waves) and prominent  positive T-waves 

(reciprocal terminal T-waves inversion) should be considered 

a posterior OMI until proven otherwise , even in the absence 

of ST elevation in V7-9). 

Posterior MI is a result of a reduction in blood flow to a 

dorsal, infra-atrial portion of the left ventricle , which is 

supplied by the posterior descending artery (PDA), a 

branch of the RCA in 70% of the population, the LCx in 

10%, or of both in the remaining 20%. Isolated posterior 

MI is most commonly observed due to acute occlusion of 

the LCx. 

(R=S in V1 also means as dominant R in V1) 

 

. 

 

V1 V2 V3 

The precordial leads V1-3 

oriented to the anterior wall , 

reflecting the inverse - mirror 

image changes of MI of the 

posterior wall 

New RBBB with LAFB is highly suggestive of proximal LAD occlusion. One 

should raise  the suspicion for OMI, and carefully look for subtle ST changes 

which may be more difficult to recognize.   

 

ST elevation MI if superimposed upon the pattern of left bundle branch block 

(LBBB) brings about some fundamental changes in the morphology of 

repolarization pattern. Thus, new pattern of repolarization sets in with the 

elevation of ST segment with somewhat altered amplitude and even with ST 

depression. 

Fig  2.3 



 
 

4. Concluding remark 

OMI should be suspected strongly in the presence of the clinical picture suggestive of ACS if 

associated with alteration in T-wave , ST-segment or bundle branch block pattern as 

discussed in the preceding pages. There may be difficulties in diagnosing OMI in patient with 

LBBB. The diagnosis can be facilitated by utilizing Sgarbosa criteria / Smith-Modified 

Sgarbosa criteria  

These occlusion myocardial infarction patterns can occur in patients with active, intermittent, 

or no chest pain at all. Observation of these patients may reveal the pattern consistent with 

OMI with the aid of 12-lead ECG. 

Symptoms likes unexplained breathlessness , weakness, nausea/vomiting or indigestion can 

be enough for the clinicians to peep through more in depth by obtaining ECG tracings.  
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DILATED CARDIOMYOPATHY (DCMP) : 

FROM PATHOPHYSIOLOGY TO ECG MANIFESTATION  

ECG 

OUTLINE 

Introduction  

References 

Concluding remark 

Pathophysiological approach to DCMP 

Basic Histopathology : myofibrillatory loss accompanied with interstitial 

fibrosis and T-cell infiltrates.  

Compensatory mechanism in response to continuous decline in ejection 

fraction. 

 Neurohormonal feedback, via activation of the sympathetic nervous 

system and the renin-angiotensin system. 

 Frank-Starling law.  

ECG manifestation (the reflection of histopathological changes) 

 ECG traid – heart failure syndrome 

 Assocaited fibrosis with conduction system defects  

 ST segment depression and T-wave inversion  

 Arrhythmias  

 ‘Lone’ findings  

 fragmented QRS (fQRS) 

 Sudden cardiac death   

Illustration by ECGs 

 ECG No 1 (with typical findings) 

 ECG No 2 ( with fragmented QRS) 
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We embrace ‘Life in felicity’ pouring on us its high-blazing mightiness with joy through the 

integrated network of  Bio-tissues. The greatest glory in life lies not in never falling , but in 

rising again with a richness of smile and strength.  

O Heart , we worship thou as a source of spreading energy everywhere in psyche and soma. 

Thou are absolutely unique – the glory of life is dependent upon thou existence. On the 

pathway being cursed as pumping failure thou still try the best to compensate the loss by 

responding to this ‘Bio-physiological adaptation’ -   

 Neurohormonal feedback, via activation of the sympathetic nervous system and the  

renin-angiotensin system. 

 Frank-Starling law 

This is rightly said that Life is either a daring adventure or nothing at all.  

 

1. Introduction 

Dilated cardiomyopathy (DCMP) is considered as a symmetrical dilated left ventricle (LV) 

endowed with poor systolic contractile function ; right ventricle (RV) may also be involved 

as a companion. This pathophysiological entity suggests underlying heart failure syndrome 

with low ventricular ejection fraction. 

This clinical pathophysiological entity is said to occur without coronary artery disease , 

hypertension , any significant valvular lesion or congenital heart disease. Such cases 

occurring de novo are designated as ‘Dilated cardiomyopathy’. One-third of the cases are 

familial in origin , others are associated with chronic excessive alcohol intake or late 

autoimmune reaction to viral myocarditis. Some anti-neoplastic agents (doxorubicin , 

trastuzumab , imatinib) and multiple other risk etiologies like connective tissue disorders , 

heamochromatosis , sarcoidosis , muscular dystrophies , etc. should also be taken into 

consideration. Most cases of DCMP are idiopathic in nature.  

In North-America and Europe , the incidence of symptomatic dilated cardiomyopathy is 

20/100000 with a prevalence of 38/100000. Males are affected more compared to females 

almost with a ratio of 2:1. Such cases are also encountered not uncommonly in India.  

ECG is a commonly used diagnostic tool in cardiology which can also be applied to detect 

such cases with a specific set of findings with a moderate specificity but low sensitivity.  

This becomes essential to detect such cases on the earliest opportunity because early 

treatment can slow the pathophysiological process and prevent heart failure symptoms, 

hopefully with increased life expectancy.  

A Narrative Review                                                                                                             DR. D.P. KHAITAN 

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

 

 

Dilated cardiomyopathy (DCMP) : 

 From Pathophysiology to ECG manifestaion  
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2. Pathophysiological approach to DCMP 

This would be easier to grasp the electrocardiographic pattern in DCMP by exploring the 

associated pathophysiological process. 

The basic histopathological changes show myofibrillatory loss accompanied with interstitial 

fibrosis and T-cell infiltrates. This is a slowly creeping pathological entity associated with left 

ventricular remodelling. There is a gradual increase in left ventricular end-diastolic and end-

systolic volumes with consequent ventricular dilatation with its wall thinning resulting in an 

alteration in the contour of the heart , being more spherical - rather less elongated one. The 

continuous gradual decline in ejection fraction has been observed in DCMP.  

Compensatory mechanism 

With the progress of DCMP , two compensatory mechanisms are activated in response to  

continuous decline in ejection fraction. 

 Neurohormonal feedback, via activation of the sympathetic nervous system and the  

renin-angiotensin system. 

 Frank-Starling law 

 

In the beginning this compensatory mechanism tends to compensate the decline in ejection 

fraction by increasing cardiac output and DCMP may remain asymptomatic but ultimately 

this is overwhelmed by the reduced response to this protective mechanism i.e. it then 

becomes detrimental with intravascular volume expansion which usually leads to progressive 

dilatation of the ventricular system with the symptoms of heart failure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

| 71 

Compensatory mechanism 

 Neurohormonal feedback, via activation of the sympathetic nervous system and the  

renin-angiotensin system → An increase in systemic vascular resistance , with an 

increase in venous pressure → an increase in the volume of the blood to the ventricles 

→ increased stretching of the ventricular wall.  

 Frank-Starling law  

The stroke volume of the heart increases in response to this new equation by stretching  

the ventricular wall in response to an increased blood volumes to the ventricles → this 

initiates compensatory increase in cardiac output.   
 

Cardiac output 

Heart failure 

St
ro

ke
 v

o
lu

m
e 

Ventricular end-diastolic volume 

Compensatory  
mechanism 

(DCMP) 

 Frank-Starling law 
 Fig. 1.1 
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3. ECG manifestation  
ECG changes in DCMP might be said to be the reflection of its histopathological 

changes -  a loss of functional muscle mass with fibrosis resulting in generalized low 

voltage in limb leads with poor R wave progression in chest leads. Due to the continuous 

operation of compensatory mechanism there might be relatively prominent QRS voltages 

in the chest leads.  

  

 

 

 

 

 

 

 

 

 

 

This sketch illustrates how the underlying heart failure in DCMP with associated 

compensatory mechanism imparts its stamp on ECG changes. This ECG triad, as 

mentioned below has moderate specificity but low sensitivity. This pattern does not 

indicate whether heart failure syndrome is due to ischemic or non-ischemic insult.  

The entire facts are put below to be reviewed at a glance : 

ECG triad - heart failure syndrome  

1. Relatively low voltage in the limb leads – QRS in each of the six limb leads 8 mm or 

less in amplitude.  

2. Poor R wave progression defined by QS / rS-type complex in lead V1-V4. 

3. Relatively prominent QRS voltage in the chest leads measured as SV1 or SV2 + RV5 

or RV6 >35 mm. 

  

The quantum of these changes would depend upon the balance in between heart failure 

and compensatory mechanism operating upon.   
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voltage in the chest leads   
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DCMP – a loss of functional muscle mass → horizontal leads in V1 through V4 → poor R wave 

progression 

 Fig. 1.2 

 Fig. 1.3 



 
 

Associated fibrosis with the conduction system defects  

AV nodal and interventricular conduction disturbances are usually present in most 

patients with advanced DCMP due to the associated fibrosis. They are manifested as : 

o First degree AV block  

o Left anterior fascicular block  

o Complete heart block is rare 

o LBBB pattern usually indicates diffuse myocardial disease with fibrosis 

A patient showing cardiomegaly of unknown cause  with the presence of LBBB points 

towards the diagnosis of primary myocardial disease (the presence of RBBB is less 

common).  

The development of a new LBBB during follow-up is a strong independent prognostic 

predictor of all cause mortality.  

 

 

 

 

 

 

o Diffuse non-specific QRS widening (>120 ms) – higher the QRS duration in  patients 

with DCMP  , higher is the morbidity and mortality.  

o Abnormal Q wave mimicking anterior or inferior MI may be observed as a result of 

myocardial fibrosis (inert myocardial zone). 
 

ST segment depression and T-wave inversion in left precordial and inferiorly oriented 

leads may point towards primary myocardial involvement , hence , indicate an important 

diagnostic criteria in a patient with clinically diagnosed DCMP.  
 

Arrhythmias 

A high incidence of supraventricular and ventricular arrhythmia has been reported in 

most of the cases in DCMP. Ventricular arrhythmias have been observed terminally. 

Supraventricular tachycardia occurs occasionally. Atrial fibrillation tends to develop late 

and it is a sign of structural disease progression (it can lead to sudden decompensation of 

the heart failure). 

It has been documented that QRS duration > 120 ms is a significant predictor of 

ventricular arrhythmias.  
 

‘Lone’ findings  

A few cases may show left atrial enlargement pattern alone , diffuse T-wave 

abnormalites or only sinus tachycardia without other ECG abnormalites. 
 

At times fragmented QRS as a result of fibrosis may be observed on ECG. 
  

Sudden cardiac death in DCMP can be caused by electromechanical dissociation 

(pulseless electrical activity) or ventricular arrhytmias. In electromechanical dissociation 

the person is unconsious having no palpable pulse or BP despite the presence of 

electrical waves on ECG. The patient has cardiac electrical activity but insufficient 

mechanical cardiac force to pump blood effectively. 
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Creeping interstitial fibrosis involving the left side of 
interventricular septum with impinging over the left 

bundle branch resulting in LBBB. 

 

LV 

 Fig. 1.4 



 
 

4. Illustration by ECGs : ECG No. 1 (Middle aged lady presenting with Breathlessness) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECG findings : 

 Low voltage QRS in limb leads 

 Poor R-wave progression in chest leads. 

 Atrial fibrillation with fast ventricular rate (250 bpm) (please see the rhythm lead II : 

rhythm is irregularly irregular) 

 North-west axis + 1700 (negative polarity in limb leads II and aVF with +ve polarity in aVR) 

 Occasionally fluctuating electrical alternans (please see lead V6) 

Discussion  : 

 The presence of low voltage in limb leads with poor R progression in chest leads are 

suggestive of DCMP.  

 The presence of atrial fibrillation indicates this case to be long standing since this 

finding tends to develop late. It is also a sign of structural disease progression.  

 Chamber enlargement alone is not sufficient to shift the axis to North-west direction. 

There must be anatomical distortion of His bundle and its branches to shift the axis 

dramatically towards this zone.  

 Occasionally fluctuating electrical alternans is indicative of left ventricular 

dysfunction. 

Final impression  : DCMP with atrial fibrillation (mild pericardial effusion also 

demonstrated by cardiac echo in addition) 

Source :  Prof. Dr. A.N. Rai , Former Prof. & Head Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman AIMS, Gaya   
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Chest X-ray PA view of the same patient : 

 Spherical heart with cardiomegaly  

 Lifting of the cardiac apex from the base is 

suggestive of the involvement of right ventricle as 

well.  

 Upper pulmonary zone is having prominent 

pulmonary veins compared to the basal zone – 

suggestive of pulmonary  vascular redistribution. 

 



 
 

 

ECG No. 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

History : 

62 years male , with breathlessness on effort ( non-diabetic). LVEF was around 35%.  

ECG findings : 

 fragmented QRS : diffusely seen in both limb and chest leads having two notches in 

each  R and S wave both, the distance in between notches being > 40 ms. 

 Sinus tachycardia (112 bpm) with first degree AV block (P is seen superimposed upon 

the top of T , most obvious in precordial leads).  

 Left anterior fascicular block (Frontal QRS axis = -500) 

 Presence of q over inferior leads  II, III and aVF 

 It would be difficult to comment about existent LBBB if any within the network of 

fragmented QRS.  

 Poor R wave progression (R wave in V3 is not greater than R in V2 and R wave in V4  

is not greater than R in V3) 

 

It is to be noted that there is a lack of universal definition for a preserved precordial R-wave 

progression but common criteria include :  

 

Source : CME INDIA on 25th May , 2022 by Dr. Sushil  Kr. Goenka , Medical officer 

inchare , PHC ,  Birpur , Begusarai  (Bihar) 
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 R-wave > 2-4 mm in V3 or V4 

 R-wave in V4>V3 or V3>V2 

 R-wave in V3 > 3mm 

In conclusion : Most likely DCMP but need differentiation from ischemic one.                

(On personal request )                  

Gross cardiomegaly with 

haziness in both lung fields 



 
 

 

5. Concluding remark 

Dilated cardiomyopathy (DCMP) is considered as a symmetrical dilated left ventricle (LV) 

endowed with poor systolic contractile function ; right ventricle may also be involved as a 

companion. This clinical pathophysiological entity is said to occur in the absence of coronary 

artery disease , hypertension , significant valvular lesion or congenital heart disease. Most 

cases of DCMP are idiopathic in nature.   

The following strategies should be adopted with DCMP : 

  Earlier detection of the cases can slow the pathophysiological process and prevent 

heart failure syndrome , hopefully with increased life expectancy with a properly 

directed therapy.  

 For preliminary diagnostic purposes it should be kept in mind that the pattern of 

distribution of interstitial fibrosis is variable in nature and so the findings are also 

variable on ECG depending upon the loss of functional muscle mass with fibrosis.  

Any combination of the following findings might be seen on ECG. 

+ Generalized low voltage in limb leads with poor R progression in chest leads + 

relatively prominently QRS voltage in the chest leads + AV nodal / interventricular 

conduction defects  + ST segment depression and T-wave inversion + arrhythmias.  

‘Lone’ findings with left atrial enlargement alone , diffuse T’ abnormalities or only 

sinus tachycardia without other ECG abnormalities might also be observed.  

At times the pattern of fragmented QRS might be seen on ECG as an indicator of 

interstitial fibrosis.  

 Worsening of the left ventricular function or increased incidence of ventricular 

arrhythmias burden can also be caused by associated development of new                    

co-pathologies. Therefore, the associated presence of heart diseases like coronary artery 

disease , hypertensive heart disease , structural valvular disease or even acute 

myocarditis should be periodically ruled out during the follow-up. Even atrial 

fibrillation may deteriorate the functioning of the heart with further aggravation of the 

existing cardiac failure.  

 The periodical recording of ECGs in such cases might be  helpful in predicting long-

term prognosis but with limited ability.  

The echocardiography and cardiac MRI would be more useful in exploring the details 

in DCMP. 
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