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Pathological changes in DM leading to ECG changes



Metabolic alterations in cardiac myocytes

Electrophysiology based ECG changes in Diabetes
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 Downregulation of potassium repolarising current

Reduced glucose oxidation and increased free fatty acids
oxidation with mitochondrial dysfunctioning ATP

(? Genetic) : QTc , QT dispersion , QRS-T angle > , Non-specific ST
and T changes (duration of epicardial potential > endocardial
potential )

(Normally Epicardial Potenital 
duration is less  than Endocardial 
Potential)



Electrophysiological-cum- Pathological changes in the heart with                          
Diabetes Mellitus

 Subtle ECG alterations
Repolarisation abnormalities
QTc, QT dispersion , QRS-T angle > ,
Non-specific ST and T changes

1

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
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 Baroflex dysfunction
Persistent sinus tachycardia and
changes in the heart rate variability.

Reactive hypertrophy , usually left ventricular
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 Premature atherosclerosis    
(macrovascular dysfunction )

 Structural and functional changes in 
the microcoronary circulation 
(coronary microvascular dysfunction)

Diabetic Cardiomyopathy

Coronary Artery Disease Increased accumulated pericardial
fat attributes to the progression of
coronary atherosclerosis and is an
independent risk factor for
stenotic coronary artery disease.

Heart Failure
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Evaluation of Diabetic Patient by                  
12-Lead ECG

 Rhythm : Sinus tachycardia (persistent), arrhythmia
Rare : Atrial fibrillaiton

 Potassium repolarising 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 , diabetic cardiomyopathy , etc.

 Baroflex dysfunction
Sinus tachycardia and changes in the heart rate variability.
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CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition) – Metabolic
disturbances , Diabetes Mellitus , P 291-292

Abnormalities of central nervous system vs some of the 
repolarisation abnormalities

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

 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.

 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.



 Female sex , higher value of HbA1c , systolic blood pressure and
nephropathy associated with an increased risk of prolong QTc
whereas physical activity and normal body mass index are
protective factors.

QT/QTc Interval 

 The QTc interval can be used to diagnose CAN with reasonable
sensitivity , specificity and positive predictive value.

 Correlation between QTc and the amount of coronary calcium.

 From QT interval parameters : both the QT dispersion (the main
difference between the QT maximum and QT minimum interval
in all ECG leads) and the QT maximum may be determined.

(Reported values of QT dispersion widely – normal value from
10 to 71 ms)



Carotid Sinus 
Receptors

Aortic Arch 
Receptors

Vagus Nerve X

Carotid Sinus Nerve to Nerve IX Baroreflex dysfunction

• High resting heart rate 
and low heart rate 
variability is measured by 
Poincare plot analysis.

• Reduced night time vagal
modulation of the heart 
rate

• Reduced heart rate 
response  through deep 
breathing , Valsalva
maneuver and 
postural changes

 QTc interval can be used to diagnose CAN with reasonable sensitivity ,  specificity 
and positive predictive value. 

 The neuropad test is a modern indicator based on the measurement of sweat 
production after exposure to dermal footpad. 

ECG measures of Cardiac Autonomic Neuropathy 



  QT /QT dispersion  

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

• LVH is significantly associated with prolongation of QTc

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

• Cardiac autonomic neuropathy with prolonged variability in 
QT , QTc or both : high incidence of sudden death 

 Asymptomatic episodes of atrial fibrillation with silent arrhythmia
progression may be subsequently with higher risk of death.

Prognostic ECG Parameters in Diabetes



 Resting ECG
 Stress testing - Exercise testing ; thallium scintigraphy with

dipyridamole is performed if exercise testing is not possible or
inconclusive.

 Perfusion imaging

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.

Detection of silent ischemia in diabetic patient 



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. 



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
Kumbakonam
Global Heart Rhythm Forum ,  Dated – 17.05.2019  



A long standing diabetic , aged 65 years

ECG : Sinus tachycardia persistant with intermittent atrial
extrasystoles QTc = 44.6

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

Baroflex
dysfunction 

First degree 
AV block

X

X
• Persistent Sinus 

tachycardia 
• QTc >

(Cardiac echo suggestive of cardiomyopathy)



Elderly Diabetic presenting with fits
Standard Masquerading BBB and Border line(0.22) prolongation of PR interval
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RBBB + High anterior LFB with absence of S wave
in lead I (Simulating LBBB pattern)

STANDARD MASQUERADING BBB

Source : Prof. Dr. A.N. Rai , AIMS , Gaya 



Elderly diabetic male presenting with severe chest pain since 8 hours
Acute inferior and old anterior MI , atrial flutter with 2:1 AV conduction

Source : Prof. Dr. A.N. Rai , AIMS , Gaya 



Elderly Diabetic  male presenting with giddiness since 3 hours 

1st ECG*
Rhythm  Bigemini
pattern with Sinus 
beat having 
inconspicuous P 
with junctional
ectopic with 
following 
incomplete pause
( might be due 
transient 
suppressive effect 
of hyperkalemia 
on SA node).                          
Old Anterior MI

Serum K=5.5 

Serum K=4.5 

2nd EGG*
Bigemini pattern 
is not seen -
normal Rhythm 
now after the 
correction of 
borderline high 
Serum 
potassium* Old 
Anterior MI

Source : Prof. Dr. A.N. Rai , 
AIMS , Gaya 



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

TropI positive, Serum K 6.5, Serum Creatinine 3.5mg

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

Source : Prof. Dr. A.N. Rai , AIMS , Gaya 



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 1.5Trop I positive

Action potential in Hyperkalemia

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

Source : Prof. Dr. A.N. Rai , AIMS , Gaya 



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

Atrial fibrillation with high left anterior hemiblock with intermittent , 
ventricular extrasystole / ? with aberrant intraventricular conduction –
poor r wave progression , directed with clockwise rotation.   

Source : CME INDIA , 16.12.2020



‘Resting ECG abnormalities are common in all people with type 2
diabetes (29.1%), including those without a history of CVD (24.0%),
and their prevalence is related to traditional cardiovascular risk factors
such as older age, male sex, hypertension, lower HDL cholesterol,
higher BMI, and smoking behaviour. In accordance with the ADA and
ESC/EASD guidelines resting abnormalities might be a useful tool for
CVD screening in people with type 2 diabetes’ .

Prevalence of ECG abnormalities in people with type 2 diabetes : The Hoorn Diabetes 
Care System cohort
Peter P. Harms , Amber A. van der Heijden , Femke Rutters , Hanno L. Tan , Joline W.J. 
Beulens , Giel Nijpels , Petra Elders , for ESCAPE - Net
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