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No. of Big Boxes R – R Interval Rate Cal. Rate

One 0.2 sec 60 ÷ 0.2 300

Two 0.4 sec 60 ÷ 0.4 150

Three 0.6 sec 60 ÷ 0.6 100

Four 0.8 sec 60 ÷ 0.8 75

Five 1.0 sec 60 ÷ 1.0 60

Six 1.2 sec 60 ÷ 1.2 50

Seven 1.4 sec 60 ÷ 1.4 43

Eight 1.6 sec 60 ÷ 1.6 37

Rate Determination
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 Limb movements cause baseline fluctuations

 Tense muscles cause tremor of baseline

 Hairy chest interferes with proper contact of chest 
leads – better to shave the area if needed.

 Reassurance, starting recording a few minutes after 
the leads are placed – reduce muscle tension

Muscle Tremor



Normal 
ECG

• Standardization – 10 mm (2 boxes) = 1 mV

• Double and half standardization if required

• Sinus Rhythm – Each P followed by QRS, R-R constant 

• P waves – always examine for in L2, V1, L1

• QRS positive in L1, L2, L3, aVF and aVL. – Neg in aVR

• QRS is < 0.08 narrow, Q in V5, V6 < 0.04, < 3 mm

• R wave progression from V1 to V6, QT interval < 0.4 

• Axis normal – L1, L3, and aVF all will be positive

• ST Isoelectric, T waves ↑, Normal T↓ in aVR,V1, V2



Pediatric ECG

• This is the ECG of a 6 year old child

• Heart rate is 100 – Normal for the age

• See V1 + V5 R >> 35 – Not LVH – Normal

• T↓ in V1, V2, V3 – Normal in child

• Base line disturbances in V5, V6 –due to 
movement by child 
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Pediatric 
ECG



Persistent Juvenile Pattern



Normal Variations 
in ECG

•May have slight left axis due to rotation of 
heart

•May have high voltage QRS – simulating LVH

•Mild slurring of QRS but duration < 0.09

•J point depression, early repolarization

•T inversions in V2, V3 and V4 – Juvenile T ↓

•Similarly in women also T↓ 

•Low voltages in obese women and men

•Non cardiac causes of ECG changes may 
occur



Pseudo Normalization

























• The normal Q wave in lead I is due to septal

depolarization

• It is small in amplitude – less than 25% of the 

succeeding R wave, or less than 3 mm

• Its duration is < 0.04 sec or one small box

• It is seen in L1 and some times in V5, V6

Normal Q Waves



• The pathological Q wave of infarction in 

the respective leads is due to dead muscle 

• It is deep in amplitude – more than 25% 

of the succeeding R wave, or more than 4 

mm

• Its duration is > 0.04 sec or > 1 small box

• It is seen in Leads facing the infarcted 

muscle mass 

Pathological Q wave

































Axis LI LIII or  aVF TIP

Normal Positive Positive Both Up

Right Negative Positive Meet

Left Positive Negative Leave

Indeterminate Negative Positive Meet

Axis Determination



Atrial Waves



• Note the premature (ectopic) beats 
marked as

• APC (Atrial Premature Contractions)

• These occurred before the next expected 
QRS complex (premature)

• Each APC has a P wave preceding the QRS 
of that beat – So impulse has originated 
in the atria

• The QRS duration is normal < 0.08, not 
wide

Atrial Ectopics

















Pericarditis







Differenitation Between Pericarditis
& Early Repolarization

!The vertical height of the ST segment
elevation (from the end of the PR segment to 
the J point) is measured and compared to the 
amplitude of the T wave in V6.
➢ A ratio of > 0.25 suggests pericarditis
➢ A ratio of < 0.25 suggests BER



ST segment height = 1 mm
T wave height = 6 mm
ST / T wave ratio = 0.16
The ST / T wave ratio < 0.25 is consistent 
with BER.



ST segment height = 2 mm
T wave height = 4 mm
ST / T wave ratio = 0.5
The ST / T wave ratio > 0.25 is consistent with
pericarditis.

























































Subendocardial VS Transmural





Serial ECG changes of MI





ST Segment Depressions
• I. Myocardial ischemia or

• infarction

• A. Acute subendocardial

• ischemia

• B. B. Reciprocal change with

• acute transmural ischemia

• II. Abnormal noncoronary

• patterns

• A. LVH or RVH: “strain”

• pattern)

• B. Secondary ST-T changes

• 1. LBBB or RBBB

• 2. WPW

• C. Drugs (e.g., digitalis)

• D. Metabolic conditions (e.g.,

• hypokalemia)

• E. Miscellaneous

• (e.g.,cardiomyopathy)

• III. Physiologic and normal

• variants*



•Symmetrical & at least 2mm

•Ischemia: T Wave inversion



• Chronic Stable Angina – Dynamic occlusion + 
Micro vascular dysfunction – Progressive

• Micro vascular Angina – No flow limiting stenosis 
– Angio normal – less severe IHD

• Unstable Angina – Dynamic occlusion + Micro 
vascular dysfunction + Active Thromb

• Prinzemetal Angina – Occlusive spasm, No Micro 
vascular dys, No thrombus – ST ↑

Types of Angina



• Normal Coronary blood flow by angiogram

• No significant CAD in epicardial blood vessels

• Cardiac micro circulation is at fault

• Poor collateral connections – younger age

• More common in women – Syndrome X

• ECG or TMT show ST - T changes repeatedly

• Patient will be symptomatic for IHD

Micro Vascular Angina



• Presence of one or more of the three features,

• Crescendo Angina- more severe, prolonged,       

or frequent. Decrease in exercise capacity

• New onset (1 month) & brought on by minimal 

exertion. Not relieved by Nitrates

• Angina at rest as well as with minimal exertion. 

There are 3 classes – 1 to 3

• This may progress to NSTEMI or STEMI

Unstable Angina



• Transient ST-segment elevation during chest pain   

due to coronary vasospasm – variant angina

• ECG with ST ↑. Becomes normal soon, No Q 

wave 

• Intermittent chest pain

– often repetitive, usually at rest, early morning

• Other vasospasms - syncope, Raynaud’s, migraine

• βblockers contraindicated. CCB, α blockers Rx.

Prinzemetal Angina





IHD type Drug Rx. Hep. /LMH ICU Care Lytic Rx P PTCA

Stable 

Angina
A+B No No No No

Unstable 

Angina
A+B+C Heparin No / Yes No No

NSTEMI A+B+C+G LMH YES No No

STEMI or 

QWMI
A+B+C+G LMH YES YES YES

A = Aspirin, B = Beta-blocker, C = Clopidogrel, G = GPIIb/IIIa Inhibitor

Management of ACS





A – Normal ST segment and T waves

B – ST mild ↑ and prominent T 
waves

C – Marked ST ↑ + merging upright T

D – ST elevation reduced, T↓,Q 
starts

E – Deep Q waves, ST segment 
returning  to baseline, T wave is 
inverted

F – ST became normal, T Upright, 
Only Q+ 

Evolution of Acute MI













Blood Supply of Heart





























Acute True Posterior MI



• Due to occlusion of the distal Left circumflex 

artery or posterior descending or distal right 

coronary artery 

• Mirror image changes or reciprocal changes in 

the anterior precardial leads

• Lead V1 shows unusually tall R wave (it is the 

mirror image of deep Q)

• V1 R/S > 1, Differential Diagnosis  - RVH

Acute True Posterior MI



• V2, V3 show tall R waves, Even V1 shows R

• V2, V3, V1 leads R/s ratio is >> 1

• These R waves are the mirrored MI – Qs

• These leads show deep ST depression

• This ST↓is in fact the mirrored ST↑of MI

• The same leads show sharp T waves

• These are the mirrored T inversions of MI

Acute True Posterior MI



• V1, V2 show tall R waves

• V1, V2 leads R/s ratio is >> 1

• These R waves are the mirrored MI – Qs

• This ST↓ is in fact the mirrored ST ↑ of MI

• The T ↓are the mirrored T inversions of MI

• L2, L3 and aVF show gross ST ↑ - Inferior MI

• V4R, V5R show ST elevations – RV – MI too.

Inferio-Posterior MI
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Atrial 
Flutter

Heart rateRhythm                      P wave                     PR interval     

QRS in sec



 Note the ECG changes

 Bradycardia – HR of 55 per minute

 Low voltages of all complexes

 Less than 5 mm Limb leads

 Less than 8 mm chest leads

 DD of low voltage complexes

 Pericardial effusion, Constrictive pericarditis

 Severe Emphysema

 Pneumothorax or left sided pleural effusion

Myxedema



Myxedema



• Note ECG changes of Atrial Flutter

• The heart rate is regular or variable

• Atrial rate is 300 per minute

• All P waves are not conducted to 
ventricles

• The R-R intervals very depending on 
the AV conduction ratio 

• The QRS is narrow – < 0.12 sec

• The P waves have a ‘saw toothed’ 
appearance called ‘F’ waves



VPC VPC

VPC VPC

Ventricular Ectopics



• Note the premature (ectopic) beats 
marked as VPC (Ventricular Premature 
Contractions)

• These occurred before the next expected 
QRS complex (premature)

• Each VPC has no definite P wave 
preceding the QRS of that beat – So 
impulse has originated in the ventricles

• The QRS complexes are wide with 
abnormal  duration of  > 0.12 and their 
shapes are bizarre



Hyperacute MI



Inferior MI



RV MI



























Prominent T wave inversion
More than 5mm



CVA ( mostly Hemorrhagic )



LV Aneurism











































































































































































































































































Complete RBBB









• Complete LBBB has a QRS duration > 0.12 sec 

• Prominent S waves in lead V1, R in L I, aVL, V6 

• Usually broad, Bizarre R waves are seen, M 
pattern

• Poor R progression from V1 to V3 is common.

• The "normal" ST-T waves in LBBB should be 
oriented opposite to the direction of the QRS

• Incomplete LBBB looks like LBBB but QRS duration  
is 0.10 to 0.12 sec, with less ST-T change. 

• This is often a progression of LVH changes. 

Complete LBBB



Complete LBBB









































 Ventricular Muscle Hypertrophy

 QRS voltages in V1 and V6, L 1        

and aVL

 We may have to record to ½ 

standardization

 T wave changes opposite to QRS 

direction

 Associated Axis shifts

 Associated Atrial hypertrophy

Ventricular Hypertrophy















• High QRS voltages in limb leads

• R in Lead I + S in Lead III > 25 mm

• S in V1 + R in V5 > 35 mm

• R in aVL > 11 mm or S V3 + R aVL > 24 ♂, > 20 ♀

• Deep symmetric T inversion in V4, V5 & V6

• QRS duration > 0.09 sec

• Associated Left Axis Deviation, LAE

• Cornell Voltage criteria, Estes point scoring

Left Ventricular Hypertrophy



Left Ventricular Hypertrophy

































Thank you so  much for 

your attention


