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• most often used investigation to diagnose or exclude IHD.  

• Should be  interpreted in the light of the clinical history.  

 

• ECG is not sufficiently specific or sensitive to be used without 

a patient's clinical history 

 

• ECG has limitations. A trace can suggest, for example, that a 

patient's heart is entirely normal when in fact he or she has severe 

and widespread coronary artery disease.  

 

• In addition, less than half of patients presenting to hospital 

with an acute myocardial infarction will have the typical and 

diagnostic electrocardiographic changes present on their initial 

trace, and as many as 20% of patients will have a normal or near 

normal electrocardiogram. 

 

ECG  in clinical practice 



• QRS complex 

     Q waves 

     poor R wave progression 

• ST changes – elevation / depression 

• T wave changes 

 

   BBB, Ht blocks, tachyarrythmias can be manifestations of IHD  

ECG  in IHD – stable angina, ACS  



 Diagnosis 

Myocardial infarction (MI) is defined as 

a clinical (or pathologic) event caused 

by myocardial ischemia in which there 

is evidence of myocardial injury or 

necrosis. Criteria are met when there is 

a rise and/or fall of cardiac biomarkers, 

along with supportive evidence in the 

form of typical symptoms, suggestive 

electrocardiographic changes, or 

imaging evidence of new loss of viable 

myocardium or new regional wall 

motion abnormality. 

 

 

STEMI   - symptoms - important 

              - cardiac biomarkers   

              - ECG – the cornerstone   



ECG in STEMI 

To diagnose - to differentiate from pseudoinfarct pattern 

 

To time STEMI – critical for thrombolytic treatment  

 

To localise the infarct  - to identify the culprit artery 

 

To asses success of treatment  - reperfusion 



Causes of ST elevation 





ECG in STEMI – ST elevation 

Sometimes the QRS complex, 

the ST segment, and the T wave 

fuse to form a single 

monophasic deflection, called a 

giant R wave or "tombstone" 



ECG in STEMI 

"High take-off“  / Benign early repolarisation 

 

ST segments, particularly in leads V2 and V3, 

 tend to be upsloping rather than flat. Isolated ST  

segment elevation in these leads should be  

interpreted with caution.  

  

A degree of ST segment elevation is often present in healthy individuals, 

especially in young adults ( 20 -40 yrs male) and in people of African 

descent.  

 

its characteristic ECG features are:  

elevation of the J point above the isoelectric line, with high take-off of the    

                         ST segment;  

a distinct notch at the junction of the R wave and S wave, the J point;  

an upward concavity of the ST segment;  

and symmetrical, upright T waves, often of large amplitude. 



ECG in STEMI 



Acute pericarditis 
 

ST segment elevation in pericarditis is thought to be due to the associated 

subepicardial myocarditis : leads facing the epicardial surface record ST 

segment elevation, whereas those facing the ventricular cavity (leads aVR 

and V1) record ST segment depression.  

 

ST segment elevation  is diffuse rather than localised, often being present 

                      in all leads except aVR and V1 

The absence of widespread reciprocal change,  

the presence of PR segment depression,  

and absence of Q waves 

ECG in STEMI 



ECG in STEMI 



ECG in STEMI 

ST segment elevation in the precordial leads is a feature of left 

ventricular hypertrophy and is due to secondary 

repolarisation abnormalities. 



ECG in STEMI 

Brugada syndrome is diagnosed on the 12-lead ECG by a pattern of 

RBBB and a coved, ST-segment elevation in V1 - V3. 



ECG in STEMI 

ST segment abnormalities are seen in association with intracranial 

(particularly subarachnoid) haemorrhage. ST segment elevation or 

depression may be seen; explanation is that altered autonomic tone 

affects the duration of ventricular repolarisation, producing 

these changes. 

 

Printzmetal's angina (vasospastic angina) is associated with ST segment 

elevation. As the changes are due to coronary artery spasm rather than 

acute infarction, they may be completely reversible if treated promptly.  



ECG in STEMI 

Reciprocal ST segment depression 

 
ST segment depression in leads remote from the site of an acute infarct is 

known as reciprocal change and is a highly sensitive indicator of acute 

myocardial infarction.  

Reciprocal changes are seen in up to 70% of inferior and 30% of 

anterior infarctions. 

Typically, the depressed ST segments tend to be horizontal or 

downsloping.  

The presence of reciprocal change is particularly useful when there is 

doubt about the clinical significance of ST segment elevation. 

Reciprocal change strongly indicates acute infarction, with a sensitivity 

and positive predictive value of over 90%, though its absence does not 

rule out the diagnosis. 

 



Hyperacute T waves  
 

The earliest signs of acute myocardial infarction  

increased T wave amplitude over the affected area.  

T waves become more prominent, symmetrical, and NOT pointed  

are most evident in the anterior chest leads.  

usually present for only five to 30 minutes after the onset of the 

infarction and are followed by ST segment changes. 

ECG in STEMI - TIMING 



ECG in STEMI - timing 



ST segment elevation  

 
usually evident within hours of the onset of symptoms.  

Initially the ST segment  may straighten, with loss of the ST-T wave angle 

Then the T wave becomes broad and the ST segment elevates, losing its 

normal concavity.  

As further elevation occurs, the ST segment tends to become convex upwards. 

The degree of ST segment elevation varies between subtle changes of <1 mm 

to gross elevation of >10 mm.  

ECG in STEMI 



ECG in STEMI 



ECG in STEMI 

Changes to the QRS complex  

 
loss of R wave height and the development of pathological Q waves. 

Both of these changes develop as a result of the loss of viable myocardium 

 

Q waves are the only firm electrocardiographic evidence of 

myocardial necrosis.  

 

Q waves may develop within one to two hours of the onset of symptoms of 

acute myocardial infarction, though often they take 12 hours and 

occasionally up to 24 hours to appear.  

The presence of pathological Q waves, however, does not necessarily 

indicate a completed infarct.  

If ST segment elevation and Q waves are evident on the 

electrocardiogram and the chest pain is of recent onset, the patient 

may still benefit from thrombolysis or direct intervention. 



ECG in STEMI 

Resolution of changes in ST segment and T waves 

  
As the infarct evolves, the ST segment elevation diminishes and the T 

waves begin to invert.  

The ST segment elevation associated with an inferior myocardial infarction 

may take up to two weeks to resolve.  

ST segment elevation associated with anterior myocardial infarction may 

persist for even longer, and if a left ventricular aneurysm develops it may 

persist indefinitely.  

T wave inversion may also persist for many months and occasionally 

remains as permanent sign of infarction. 



Q waves are the only firm electrocardiographic 

evidence of myocardial necrosis.  

  

 

When there is extensive myocardial infarction, Q 

waves act as a permanent marker of necrosis. With 

more localised infarction the scar tissue may contract 

during the healing process, reducing the size of the 

electrically inert area and causing the 

disappearance of the Q waves.  

 

ECG in STEMI – Q waves 



ECG in STEMI 



ECG in STEMI – localising the infarct 

The specificity of the ECG in acute myocardial infarction is limited 

by  
 

large individual variations in coronary anatomy  

the presence of preexisting coronary artery disease, particularly in  

             patients with a previous myocardial infarction, 

collateral circulation, 

previous coronary-artery bypass surgery.  

 

The electrocardiogram is also limited by its inadequate representation of 

the posterior, lateral, and apical walls of the left ventricle. 



ECG in STEMI  - localising the infarct   

Anatomical relationship of leads 

 
Inferior wallLeads     II, III, and aVF 

Anterior wallLeads    V1 to V4 

Lateral wallLeads     I, aVL, V5, and V6 

 

Non-standard leads  

 

Right ventricle Right sided chest leads   V1R to V6R 

Posterior wallLeads                                 V7 to V9 



ECG in STEMI – localising the infarct 



ECG in STEMI – localising the infarct 



 

ECG in STEMI – localising the infarct 
 



ECG in STEMI – localising the infarct 



 

• Simultaneous ST 

elevations in both the 

anterior and inferior leads 

suggests occlusion of an 

LAD that is unusually 

long, wrapping around 

the apex to supply the 

distal inferior wall. This 

variant is referred to as a 

"wrap around" LAD 

ECG in STEMI – localising the infarct 



 

• But usualy the ST elevation of the lateral leads due to 

occlusion of the first diagonal branch will cause 

reciprocal ST depression in the inf leads and this will 

neutralize the ST elevation in the inf leads. 

 

• ST elevation in the inferior leads signifies occlusion of a 

long LAD artery (that wraps the cardiac apex) distal to 

the first diagonal branch 

ECG in STEMI – localising the infarct 



ECG in STEMI – localising the infarct 

Right ventricular myocardial infarction 
 

Right ventricular infarction is associated with 40% of inferior MI.  

On the standard 12 lead ECG, right ventricular infarction is indicated by 

signs of inferior infarction, associated with ST segment elevation in lead 

V1. The most sensitive ECG sign of RV infarction is ST-segment 

elevation of more than 1 mm in lead V4R with an upright T wave 

in that lead.  
This sign is rarely present more than 12 hours after the infarction. 

 

The most useful lead is lead V4R (an electrode is placed over the right 

fifth intercostal space in the mid-clavicular line).  

Lead V4R should be recorded as soon as possible in all patients with 

inferior infarction, as ST segment elevation in right ventricular infarction 

may be short lived. 

Right ventricular myocardial infarction is always associated with 

occlusion of the proximal segment of the right coronary artery.  

 



Rv infarct 

 The diagnosis of right ventricular infarction 

is important as it may be associated with 

hypotension. Treatment with nitrates or 

diuretics may compound the hypotension, 

though the patient may respond to a fluid 

 ST elevation of 1 mm 

or more in one or 

more right precordial 

leads 

 sensitivity 88% 

 specificity 78% 

 acuracy 83%  in 

lead V4R 



ECG in STEMI - localising the infarct   



ECG in STEMI - localising the infarct  

Posterior myocardial infarction  

 

Posterior myocardial infarction refers to infarction of the posterobasal wall 

of the left ventricle.  

The diagnosis is often missed as the standard 12 lead 

electrocardiography does not include posterior leads.  

Early detection is important  as expeditious thrombolytic treatment may 

improve the outcome for patients with posterior infarction 

The use of posterior leads V7 to V9 will show ST segment elevation in 

patients with posterior infarction. 



ECG - localising – LMS stenosis  



ECG in STEMI - BBB 

Biundle branch block 

 
Acute myocardial infarction in the presence of bundle branch block carries a 

much worse prognosis than acute myocardial infarction with normal 

ventricular conduction. This is true both for patients whose bundle branch 

block precedes the infarction and for those in whom bundle branch block 

develops as a result of the acute event. 



ECG in STEMI 

Left bundle branch block  
 

The left bundle branch usually receives blood from the left anterior 

descending branch of the left coronary artery and from the right coronary 

artery. When new left bundle branch block occurs in the context of an 

acute myocardial infarction the infarct is usually anterior and mortality is 

extremely high. 



ECG in STEMI – LBBB 

LBBB can obscure the electrocardiographic diagnosis of acute myocardial 

infarction. In the presence of left bundle-branch block or a right ventricular 

paced rhythm, right ventricular activation precedes left ventricular activation; 

this activation of the infarcted left ventricle occurs later and is obscured 

within the QRS complex.  

Thus, Q waves cannot be used to diagnose infarction. An indicator of 

myocardial infarction in the presence of left bundle-branch block is primary 

ST change — that is, ST deviation in the same (concordant) direction as the 

major QRS vector.  

Concordant ST changes in the presence of left bundle-branch block include 

ST-segment depression of at least 1 mm in lead V 1, V2, or V3 or in lead II, 

III, or aVF and elevation of at least 1 mm in lead V5. Extremely discordant 

ST deviation (>5 mm) is also suggestive of myocardial infarction in the 

presence of left bundle-branch block 



ECG in STEMI – LBBB 



 
1)  Myocardial infarction (ant STEMI) can present as new LBBB 

2)  A patient with a LBBB can develop a STEMI where the interpretation can be 

difficult 

(as LBBB itself can cause ST elevation) 
  

Where a patient with established LBBB presents with a suspected STEMI, Sgarbossa criteria 

can be useful to diagnose STEMI.  

  

Sgarbossa criteria  

The three ECG criteria with an independent value in the diagnosis of acute infarction and the score for 

each were: 

ST segment elevation of 1 mm or more that is in the same direction (concordant) as the QRS 

complex in any lead – score 5. 

ST segment depression of 1 mm or more in any lead from V1 to V3 – score 3. 

ST segment elevation of 5 mm or more that is discordant with the QRS complex (ie, associated with 

a QS or rS complex) – score 2.  

A minimal score of 3 was required for a specificity of 90 percent.  

A Sgarbossa score of ≥3 was highly specific (ie, few false positives) but much less sensitive (36 

percent). The sensitivity may increase if serial or previous ECGs are available.  

 

(However, prominent J point elevations may occur in V1-V2 solely due to left ventricular hypertrophy or 

in other settings. Therefore, the ratio, in any relevant lead, measured by the amplitude of the ST 

elevation to the S wave magnitude of less than 0.25, has been proposed as having greater 

accuracy than the original Sgarbossa criterion. ) 

 

 

 

Myocardial infarction and LBBB 
 



ECG in STEMI - RBBB 



 

 

   SA node — Supplied by RCA in 60 % of patients; by the LCX in 40 %.  

   AV node — Supplied by the RCA in 90 % (AV nodal branch); by the  

                        LCX in 10 % of patients.  

   His bundle — Supplied by the RCA (AV nodal branch) with a minor 
contribution from the septal perforators of the LAD.  

   Main or proximal left bundle branch — The LAD provides most of the 
blood supply for the LBB, particularly for the initial portion. There may be 
some collateral flow from the RCA and LCX .  

   Left posterior fascicle — The proximal part of the left posterior 
fascicle is supplied by the AV nodal artery and, at times, by septal 
branches from the LAD. The distal portion has a dual blood supply 
from both anterior and posterior septal perforating arteries.  

   Left anterior fascicle — The left anterior and mid-septal fascicles are 
supplied by septal perforators of the LAD and, in about one-half of 
subjects, by the AV nodal artery. 

   Right bundle branch — The RBB receives most of its blood supply from 
septal perforators from the LAD, particularly in its initial course. It also 
receives some collateral supply from either the RCA or LCX , depending 
upon the dominance of the coronary system. 

ECG in STEMI – Blood supply to the conducting sys 



Markers of reperfusion  

 
Resolution of ST-segment elevation is believed to be an excellent 

marker of tissue perfusion, and the degree of resolution has proved to be a 

powerful indicator of shortterm (30-day) and long-term (1-year) prognosis. 

 

A reduction in ST-segment elevation by more than 70 percent in the leads 

with maximal elevation at 90 min is associated with the most favorable 

outcomes. 

 

T-wave inversion within four hours after myocardial infarction also indicates 

reperfusion. T-wave inversion that occurs during the first few hours of 

reperfusion therapy is a highly specific sign of reperfusion. 

T-wave inversion that develops more than four hours after the start of 

reperfusion therapy is consistent with the normal electrocardiographic  

Evolution of myocardial infarction and does not indicate that reperfusion 

has occurred. 

 

An accelerated idioventricular rhythm 

ECG in STEMI 



ECG – T wave changes – Biphasic T wave  



ECG – T wave changes – Wellen’s syndrome 



Arrowhead T wave inversion in patient 

with unstable angina  

ECG – T wave changes 



ECG – T wave changes 



• Subtle ST segment change in patient 
with ischaemic chest pain: when no 
pain is present (top) and when in pain 
(bottom) 

 

• Typically, myocardial ischaemia gives 
rise to ST segment depression. The 
normal ST segment usually blends 
with the T wave smoothly, making it 
difficult to determine where the ST 
segment ends and the T wave starts. 

  

ECG – ST changes 

One of the first and most subtle changes in the ST segment is 

flattening of the segment, resulting in a more obvious angle 

between the ST segment and T wave. 



   

 (A) ST changes with ischaemia showing  

                   normal wave form  

 (B) flattening of ST segment 

 (C) making T wave more obvious; horizontal  

                    (planar) ST segment depression  

 (D) and downsloping ST segment  

                     depression (D)  

ECG – ST changes 
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