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A couple comradeship is seen while taking upward steps on a stair – keeping one step 

downward and the other step upward.  

Acute pericarditis is also having the same pattern of downward and upward pacing ,  altering 

the isoelectric lines on ECG - a reaction to acute inflammation. 
 

 Acute pericarditis usually involves the entire pericardium surrounding the heart – 

the main burnt is over the visceral pericardium with its underneath thin layer of 

myocardium. 

 The resultant global subepicardial current of injury causes the PR and ST segments 

typically pointing in opposite direction (PR-ST segment discordance sign) – 

combined PR depression and ST elevation in all the leads except in aVR ( +V1 ) 

with the reverse pattern of PR segment elevation and ST segment depression.  

Such staircase discordant pattern with PR-ST segments on ECG is the cardinal sign in 

catching the diagnostic ball of acute pericarditis.  

 
 

1. Introduction – Keynotes  
 

o Acute pericarditis is the  most common form of pericardial disease all over the globe 

and is usually encountered in young and middle aged population.  

o Although acute pericarditis involves both the layers of pericardium (parietal and 

visceral) , the main burnt is over the innermost layer of visceral pericardium which is 

also anchored to the underneath myocardium , thus, involving visceral-cum-

myocardial tissue together by acute inflammation. This is responsible for global 

subepicardial current of injury (the fibrous pericardium by itself is electrically inert).   

o There are so many potential causes of acute pericarditis – with both infectious and non-

infectious etiology  but the most common being the idiopathic , viral or tuberculosis. 

o The sufferers with acute pericarditis must have 2 of the following 4 clinical criteria for 

catching the diagnosis : Typical pericardial chest pain (sharp central chest pain being 

worsens  with supine posture and is relieved by leaning forward) , pericardial friction 

rub , widespread discordant PR-ST segments on ECG and new or worsening pericardial 

effusion on echocardiography.  

o Plasma troponins are elevated in 35% to 50% of patients  with pericarditis , caused by 

epicardial inflammation rather than myocardial necrosis. The ST elevation with high 

plasma troponin concentration makes this essential to be differentiated from STEMI, 

the missing of which makes the situation grave and the patient may meet even with 

death. On the other hand , the clinicians may be confused - acute pericarditis may 

mimic with that of Early Repolarization syndrome (ERS) as well. Under these 

circumstances it becomes essential to study ECG changes in acute pericarditis.  
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o Electrocardiogram (ECG) is very useful in the diagnosis of acute pericarditis , with 

abnormalities being found in maximum number of such cases. Typical ECG findings 

include diffuse discordant PR-ST segment changes. 

ECG is recommended in all patients having suspicion of acute pericarditis (whenever a 

patient presents with chest pain with generalized ST segment elevation , the clinician 

must always suspect acute pericarditis). 

o ECG in pericarditis may have complete recovery over the course of several days to 

weeks  

 

2. Pathological basis of ECG changes in acute pericarditis  
 

The pericardial sac is made up of fibrous tissue containing two pericardial layers – the outer 

parietal layer and the inner visceral layer , containing a thin layer of fluid in between. This 

sac being fibrous in nature is electrically inert , not capable of producing current of 

injury unless and until there is simultaneous involvement of myocardium underneath the 

visceral layer by inflammatory flame of acute pericarditis. Histological studies demonstrate 

that the damage is also extended to the underneath surrounding thin subepicardial layer of 

myocardium. 

In other words , it is acute pericarditis usually with the involvement of a thin layer of 

myocardial tissue which is the pathological basis of ECG changes. It has been also observed 

that in uremic pericarditis , there is no inflammation of the epicardium , only fibrin deposition 

being present , therefore , ECG does not show any change herein. 

The involvement of even a thin layer of epicardial myocardium is essential for ECG changes 

to occur in acute  pericarditis. The entire concept has been illustrated with the following 

sketch : 
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The involvement of a thin  layer of myocardium by acute inflammation beneath 

the visceral pericardium is responsible for epicardial current of injury  

 

Fig. 1.1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In nutshell , the resultant global subepicardial current of injury causes the PR and ST 

segments typically pointing in opposite direction (PR-ST segment discordance sign) – 

combined PR depression and ST elevation in all the leads except aVR ( +V1 ) with the 

reverse pattern of PR segment elevation and ST segment depression.  

 

NB : Here to mention that the vector of epicardial current of injury (ventricular) in acute 

pericarditis is directed towards the apical surface of the heart. 

 

Rule of electrical vector (on hexagonal lead system) : Any exploring lead placed within a 

range of 900 in respect to epicardial current of injury records positive current , at 900 

equiphasic deflection or no deflection and beyond 900 negative deflection.  
 

 

 

 

PR – ST segment discordance sign  , as explained below :  

RA Though acute pericarditis involves the entire pericardium surrounding the 

heart , but the  basic lesion is over the subepicardial myocardial tissue just 

beneath the visceral pericardium , which is responsible for the current of 

injury – it can be divided into two types of current of injury for the purpose 

of understanding ECG changes in acute pericarditis : 

 

1. Atrial repolarization current of injury :  

Normally there is no distinctly visible wave representing atrial 

repolarization in the ECG because it merges with the next incoming 

QRS wave.  

Atrial repolarization injury makes Ta wave (atrial repolarization 

wave) visible , which is in the opposite direction of the P wave. 

Therefore, it is recorded as PR segment elevation in leads aVR , 

(+V1). The accompanying ST segment depression is recorded as 

such due to the ventricular epicardial vector being over the opposite 

side , away from the right atrium. 
 

2. Ventricular repolarization current of injury : 

The ventricular repolarization current of injury causes ST segment 

elevation in all the leads except aVR (+V1). The preceding PR 

segment depression is due to the atrial repolarization vector being 

over the opposite side , away from the ventricles.     

 aVR 
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Vector of epicardial current of injury 

PR 

ST 

PR 

ST 

Hexagonal lead system 

Vector of epicardial current of injury 

Lead aVR 

Lead II 

Fig. 1.2 

Fig. 1.3 



3. Other associated pathological changes 

1. Epicardial coronary arteritis : As the network of coronary arteries lies within the 

epicardium , this may have injurious impact by the surrounding collar of acute 

inflammation resulting in ischemia. This causes ST-T changes as seen in coronary 

artery disease.  

2. Associated haemorrhagic effusion may cause higher potassium concentration in 

pericardial fluid (due to haemolysis of RBC) exceeding that of blood , which may 

lead to slightly tall T wave.   

3. Associated myocarditis : Acute inflammatory changes may  further be extended 

towards the remaining zone of myocardium with the following changes on ECG :  

 Pericarditis like myocarditis : Sinus tachycardia associated with non-

specific T waves inversions in the presence of some imprints of PR-ST 

segment discordance sign : + PR segment depression , + ST segment 

elevation or PR segment elevation in aVR lead - this pattern is usually 

suggestive of acute myocarditis.  

 STEMI like myocarditis : Abnormal Q waves with widening of the 

QRS complex (the early disappearance of Q waves suggests a reversible 

myocarditis with the resolution of the inflammatory process). 

 Intraventricular conduction delay / BBB – A damage to the electrical 

conduction system may occur while passing through the inflamed 

myocardiocytes (High degree AV block may also occur) 

 Frontal QRS-T angle > 1000, Prolonged QT interval , + ventricular 

tachyarrhythmias  

4. ECG changes in acute pericarditis  
 

    Main electrocardiographic events 
 

PR-ST segment discordance sign (cardinal feature) 

Knucle sign 

Spodick’s sign  

T-wave changes  

No change in QT interval (the injury is non-transmural) 

No Arrhythmias unless and until pre-existing cardiac disease  

 

NB : There is no change on ECG during depolarization in the absence of underlying 

cardiac disorder – the P and QRS complexes remain normal. 

  

 

Combined PR depression and ST elevation (usually with upward concavity) in all 

the limb and chest leads except in aVR (+V1) with the reverse pattern of PR 

segment elevation and ST segment depression 

(ST and PR segment changes are evaluated relative to the baseline formed by TP 

segment).  
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PR-ST segment discordance sign (Cardinal feature) 



 

 

 

 

 

 

 

NB : Due to the orientation of the ST vector near to lead II , ST elevation in lead II is 

typically greater than that of in lead III.  

 

   

 

The elevation of the PR segment in lead aVR resembles a bent index finger – this sign 

has been known as Knuckle sign , as illustrated below : 

 

 

 

 

 

 

 

 

  

 

This sign signifies the downsloping TP segment in a patient with acute pericarditis. 

This sign was detected in 1974  by Dr. David H Spodick , Professor of Medicine 

Emeritus at the university of Massachusetts Medical School (died at the age of 90 on 

May 19 , 2019). This sign is being considered to be present upto 30% of the cases – 

often best seen in lead II and lateral chest leads.  

 

 

 

 

Direction of epicardial current of injury (vector) towards the apex  
(the lead aVR is in the opposite direction) 

RA 

 aVR 
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 V5 

 V6 

 II 

Bent index finger 
(illustrating PR segment  

  elevation in lead aVR) 

Spodick’s Sign 

Knucle sign 

Spodick’s sign 

These abnormalities are more prominent in lead II , V5 and V6 

(but with reverse polarity in aVR and + V1) due to the orientation 

of epicardial current of injury towards the cardiac apex, as 

illustrated  here : 

Fig. 1.4 

Fig. 1.5 

Fig. 1.6 



This sign remained relatively unevaluated until a recent retrospective analysis was 

done by Witting et al. in 2020. He considered an ECG to be positive with Spodick 

sign where at least two leads had TP downsloping of at least 1 mm.  

 

Its clinical Significance  

The presence of Spodick sign with PR-ST segment discordance adds to the diagnostic 

value of acute pericarditis (the presence of PR depression with Spodick sign signifies 

a gateway to the diagnosis) 

 

 

 

 

 

 

 

 

 

 

  

 

In the very early stage of acute pericarditis , T wave appears to be taller , peaked and 

somewhat symmetrical. This is considered to be the earliest sign of acute pericarditis 

, possibly due to the leakage of K+ in vicinity by the inflamed myocardiocytes. This 

earlier T wave abnormality is usually associated with ST segment abnormalities.  

 

  

 

No change in QT interval is conceived in acute pericarditis since the injury is not 

transmural. 
 

  

 

Acute pericaridits without pre-existing cardiac disease does not show any significant 

rhythm abnormality. This is almost invariably associated with sinus tachycardia , 

usually due to associated pain or + pericardial effusion. The associated autonomic 

dysfunction might be accountable for the slower heart rate , at times seen with acute 

pericarditis.   

5.  Evolutionary electrocardiographic changes in acute pericarditis  
 

Spodick described the classical four stages based on the evolutionary changes on ECG in 

acute pericarditis. This is to be mentioned here that acute pericarditis develops quickly but 

with a gradual tendency to recovery. Less than 50% of patients usually progress through all 

these four classical stages.  

ECG findings are variable according to the presentation of the case as per stage of of acute 

pericarditis in evolution.  
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Potential usefulness distinguishing ECG features between acute pericarditis and 

STEMI  

Witting observed that Spodick’s sign is associated with 29% of patients with pericarditis 

and 5% of patients with STEMI. 

PR depression as such may be a false pointing as it is also seen in 12% of patient with 

STEMI. The presence of Spodick’s sign associated with PR-ST segment discordance is 

rather suggestive of acute pericarditis.  

T-wave changes 

QT interval 

Arrhythmias 



Classical four stages of acute pericarditis on ECG 

 

Stage ECG Characteristic 

Stage I 

 

 

 

 

 

 

 

 

 PR-ST segment discordance sign (diffuse  

ST elevation and PR depression with 

reciprocal changes in lead aVR , +V1). 

(PR segment depression is a transient 

phenomenon lasting only for hours or so).  

 T-waves are upright with somewhat taller 

appearance. 

 Duration : First two weeks  

 

Stage II 

 

 

 

 

 

 

 

 Elevated ST segments return to baseline 

with generalized T-wave flattening.  

 A flat T wave represents a T-wave in 

transition to be inverted in the next stage. 

Flat T <1 mm 

 Duration 1 to 3 weeks  

 

Stage III 

 

 

 

 

 

 

 

 

 Diffuse T-waves inversion 

(pericardium more adherent to the 

myocardium , more prominent is the T 

inversion) 

(T-waves inversions occur due to delay in 

repolarization and change in the sequence 

of repolarization – i.e. from epicardium 

towards endcoardium). 

 Duration 3 to several weeks. 

Stage IV 

 

 

 

 

 

 

 

 With gradual resolution of T-wave 

inversion ECG returns to normal. 

 Duration several weeks to onward  
(usually upto 3 months) 

 

 

NB :  

 Less than 50 percent of patients progress through all these four classical stages.  

 Evolution of ECG changes may not follow this typical stage-wise pattern. Even the 

duration of each stage is also variable. Practically stage I is the only diagnostic phase , 

stage II looks to be normal and stage III mimics ischemia.  
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PR 

ST 



 

 Rapid resolution of ECG changes  

ECG changes may not proceed beyond stage I due to the rapid ST segment 

normalization with T waves remaining upright. Therefore, no abnormality detected on 

ECG in such a situation.  

 Delay or absence of resolution of ECG changes.  

Stage III with T wave inversion may remain persistent with +  progression towards 

chronic pericarditis or to constrictive pericarditis.  

6. A diagnostic dilema : differential diagnosis on ECG 
 

Due to the presence of ST elevation with acute pericarditis this is required to be differentiated 

from Early Repolarization Syndrome (ERS) and ST elevation MI (STEMI). 

The ECG characteristics with acute pericarditis have already been discussed in the 

preceding pages. Some extra points are to be considered in this conntext , such as the ratio of 

ST segment / T-wave is more than 0.25 and the concerned dynamic ECG changes usually 

evolve slowly over time (ratio of less than 0.25 suggest ERS). 

Acute pericarditis can be sometimes difficult to be differenciated from Early 

Repolarization Syndrome (ERS) as both conditions are associated with concave ST 

elevation.   
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Early Replolarization Syndrome 

 
 ERS is characterized by J-point elevation (>1 mm) being 

revealed either as terminal QRS slurring or notching as a 

positive deflection with concave ST elevation and prominent T-

waves (slightly asymmetrical) at least in two contiguous leads.  
 

 Basis : The changes in certain group of ion channels cause loss 

of action potential dome being replaced with accentuation of J-

point notch on ECG with concave ST segment elevation.  
 

 Commonly seen in young, healthy patients less than 50 years of 

age  
 

 Concave ST elevations are more commonly seen in precordial 

leads. 

The height of T-wave is more than that of the accompanying ST 

segment elevation 

(ST/T ratio = <0.25) , best seen in V6. 
 

 A notched or irregular J-point – so called ‘Fish hook’ pattern – 

often best seen lead V4.  
 

 Absence of PR depression 
 

 No reciprocal ST depression to suggest STEMI 
 

 The ECG pattern is usually static over time. 
 

 

 
 

Fig. 1.7 



The association of ST elevation with high plasma troponin concentration in acute 

pericarditis makes this condition essential to be differentiated from STEMI , the 

missing of which may convert the situation rather to be grave.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ST Elevation MI (STEMI) 

 
 Evolution of STEMI begins with hyperacute T-waves and next is usually convex 

ST segment elevation ; pathological Q waves can appear early and / or late.  With 

further evolution the ST segment elevation diminishes and T-wave begins to be 

inverted.   
 

 Basis : Transmural myocardial necrosis associated with surrounding rim of 

myocardial injury and myocaridal ischemia in vicinity  , as illustrated below : 
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 Myocardial injury causes the flow of the 

current of injury towards the site of exploring 

lead placement, ST segment is elevated – 

coved / convexed.   

 Myocardial necrosis creates a sort of dead 

window of electrically silent zone and thereby 

is being reflected on ECG as Q wave.  

 Myocardial ischemia still going on the 

periphery , is being reflected as a deep , 

symmetric and pointed inversion of T wave , 

due to the reversal of the direction of 

repolarization – now from epicardium to 

endocardium.  

 

 These changes occur on ECG as per zonal involvement of the concerned 

coronary artery. 
 

 QRS complex widening with initial QTc shortening in leads facing ST 

segment elevation , followed by QTc prolongation in the same leads in 1-2 

days after the onset of infarction (but not in acute pericarditis). 
 

 Reciprocal ST segment depression accompanies such changes. 
 

 

 ST elevation greater in lead III than lead II strongly suggests STEMI 
 

 MI can also cause PR segment depression due to atrial infarction  

(D/D : In acute pericarditis leads aVR , + V1 show the elevation of PR 

segment with depression of ST segment).  

 
 

Fig. 1.8 



 

7. Concluding remark 
 

Acute pericarditis is the most common form of pericardial disease all over the globe. It is 

rather acute myocarditis usually with the involvement of a thin layer of myocaridal tissue 

which is the pathological basis of ECG changes (the fibrous pericardium is electrically inert). 

At times acute pericarditis presents as a challenging diagnosis to the clinicians - this may 

mimic Early Repolarization syndrome (ERS) and ST elevation MI (STEMI). Therefore, it 

become essential to differentiate these conditions from acute pericarditis.  

 

8. Illustration by ECGs 

 

 

 

 

 

 

 

 

 

Source : CME INDIA on 25.12.2020 by Dr. Ashutosh , Consultant Physician , Renukut  

History  

16 years old boy with chest pain on 23rd November ; Trop T Positive and raised CKMB. 

Findings 

PR and ST segments typically points in opposite directions (PR-ST segment discordance 

sign) in limb leads and chest leads V4-V6. The reverse discordance sign with elevated PR 

and depressed ST segment is seen in aVR and V1. T is mainly positive. The frontal plane ST 

segment axis is directed to +600 axis. Lead II shows a slightly TP segment downsloping – 

Spodick’s sign being positive.  

Impression 

Acute pericarditis 

 

 

 

 ECG 1 
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Source : CME INDIA on 25.12.2020 by Dr. Satish Sir/BGH/Sail , DM (Card) 

Associated tachycardia might had obscured Spodick’s Sign to appear. 

 

 

 

 

 

 

 

Source : CME INDIA on 13.12.2020  by Dr. Mritunjay Kumar Singh,  Consultant Physician and Nephrologist , 

AIMS, Gaya  

History  

18 year old with recurrent chest pain since 3 days with strongly elevated Trop. I  

Findings 

 Heart rate 80 bpm  

 Low voltage on limb leads  

 Frontal QRS-T = 1400 (>1000) 

 Mild PR segment elevation with ST segment depression in leads aVR and V1 

 Pericarditis like ST segment elevation with associated T-wave inversions in leads I , II , aVL  

and V4-6. 

(leads III and aVL are having just mild ST elevation without T-wave inversion) 

 

 ECG 3 

 ECG 2 
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Continue on the next page… 



Discussion 

In the  presence of prolonged frontal QRS-T angle (>1000) with associated ST and T changes as 

described on the preceding page is strongly suggestive of acute myopericarditis. The absence of sinus 

tachycardia here is possibly due to the use of analgesic in the hospital. The patient responded with the 

treatment of acute myopericarditis.  

Coronary angiogram done did not show any coronary artery occlusion.   

 

The second ECG done on  the next day 

 

 

 

 

 

 

 

 
 

The same findings are present on the second ECG also.But taller T-waves appeared in leads V2 and 

V3 with somewhat deeper T-waves inversion in lead V5 and V6. These T changes might indicate 

more deeper penetration of acute inflammatory changes into the myocardium. Taller T waves in leads 

V2 and V3 might indicate localized K+ leakagae from the inflamed cardiomyocytes in vicinity.  

Impression 

Acute myopericarditis 
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