


ECG and Chest Pain

• A bit of history
• Predict the future
• Some cases



ECG and Chest pain

• The main role of the ECG in a patient with chest pain is to help 
determine who has an AMI that would benefit from emergent 
reperfusion therapy
- lytics (best < 2 hours) or cath lab

• Occasionally, the Hx & ECG’s findings may be consistent with another 
diagnosis such as 
- PE
- pericarditis
- pericardial effusion

• But its all about reperfusion therapy



Once Upon A Time

• There was no treatment for an AMI
- you lived or you died

• For those who lived, the ECG was used to divide them into 
- Q wave infarction
- non- Q wave infarction

Then we entered the re-perfusion era…..



1994 Meta-analysis 

• Who benefits from reperfusion?
• Studies of suspected AMI’s who underwent thrombolysis

- 9 trials totaling over 58000 patients
• For all comers: NNT = 56
• But if look at subgroups according to ECG

- STEMI: NNT = 42
- Normal or ST depression no benefit (some were harmed)



The STEMI Paradigm

• From this developed the theory that a ST elevation identifies an AMI 
due to an acute coronary artery occlusion 

• Thus a STEMI predicts who benefits from emergent re-perfusion 
- thrombolysis
- cath lab





In the STEMI paradigm, all that matters is the 
ST segment



However

• About 25% of “STEMI’s” are false positives
- STEMI mimics: LBBB; LVH; BER and many others

• These patients get no benefit from reperfusion and may (rarely) be 
harmed by the intervention
- bleeding
- false aneurysm
- arterial dissection



Furthermore

• About 25% of NSTEMI’s actually have complete occlusion
• Without reperfusion, these patients have:

- increased mortality (doubled)
- increased complications

• Thus like patients with STEMI’s, some NSTEMI’s also benefit from 
early reperfusion treatment



So…..

• NSTEMI’s that benefit from emergent reperfusion are called
STEMI-equivalents

• The list of STEMI equivalents keeps getting bigger and bigger
- sucks to be you (I’m retired – maybe – it’s complicated)





Your Friendly Neighborhood Cardiologist



Occlusion Myocardial Infarction Paradigm

• The future?
• An OMI is an acute coronary occlusion resulting in an AMI and would 

benefit from immediate reperfusion
- includes STEMI’s and STEMI-mimics

• This involves:
- Hx & Examination
- ECG: look for more than just ST elevation
- Bedside US: wall motion abnormalities
- ?Point of care HS-troponin





Reading an ECG

• Start with the clinical scenario
• You need a system +/- chest sheet

- with practice, you will recognize patterns
• There are lots to choose from
• You can make your own
• But you need a system





The 5 Step ECG





Simplified STEMI Criteria

• Measure ST elevation at the J point vrs the isoelectric line
- PR or TP segment

• Greater than 1 mm in 2 contiguous limb leads
- Limb Leads: I, II, III, aVL, aVF and aVR

• Greater than 2 mm in 2 contiguous chest leads
- Chest Leads: V1 to V6

But the amount of ST elevation may be proportional to the size of the QRS
- A small QRS complex may have < 2mm ST elevation



STEMI Criteria: 2013 ACCF/ AHA Guidelines



STEMI Criteria Don’t Apply

• LBBB
• Paced
• LVH

We can use different criteria but
- complicated
- controversial



Contiguous Lead



Where Is The J Point?





Where Is The J Point?





Case: Find The J Point

• 75 year old man arrested at the shopping center
• In VF when the ambo’s arrive
• Shocked and intubated

• Does his ECG show
1) Hyper-kalaemia
2) VT
3) Some weird tox shit
4) ST elevation
5) No idea





Only Need To Find The J Point In One Lead



Only Need To Find The J Point In One Lead







ST Elevation: Is it a STEMI?

• ST elevation does not always mean it is a STE infarction
• Other ECG findings that favour an AMI

- reciprocal ST depression!! (can occur early)
- shape of the ST segment
- hyper-acute T waves (occurs early and evolve into STE)

• Still not sure?
- serial ECG’s
- get an old ECG for comparison
- phone a friend



Where do I look for ‘Reciprocal’ Changes

• “P.A.I.L.I”
- Posterior: anterior
- Anterior: inferior (about 50%)
- Inferior: lateral (STD in aVL about 95%)
- Lateral: inferior or septal

These changes are not written in stone. You should look in all leads 
for ST depression



The ST Segment Morphology

Draw a line from the J point to the peak of the T wave and look at the 
shape of the ST segment

Convex: ishaemia?
Straight: ischaemia?

Concave: benign?



Hyper-acute T Waves
Not well studied & poorly defined

In an anatomic distribution

Morphology: R wave straight in to T wave
No ST segment

Size: big compared to the size of the QRS
If the entire QRS fits inside the T wave, its 
big and an infarct till proven otherwise



Hyper-acute T Wave: Too Big & Too Straight



Do I Come To You?











Case

62 year old man
Chest pain and diaphoresis





Anterior STEMI





Anterior STEMI





High Lateral STEMI





Inferior STEMI



Case

• 48 year old man complaining of chest pain and SOB that began 
2 hours prior at work and was becoming progressively worse.

• The pain was constant, pressure-like, substernal, without 
radiation, and was 10/10 in intensity.

• He is diaphoretic and vomited once
• BP was 213/128.
• Here was his triage ECG: what is worrying?

what is reassuring?  





BER?

• There are asymmetric T-waves (slower upstroke, faster
downstroke)

• Upward concavity in all of leads V2-V6 (in this case, even in  
V1)

• There is no reciprocal ST depression
• There is no terminal QRS distortion (there are S-waves in both

V2 and V3)
• There are no Q-waves
• LVH by voltage? (complicates things)





Suspicious Findings

• It’s a good history for ischaemia
• There is obvious ST elevation
• There is a big upright T wave in V1 (and its greater than the T

wave in V6) and that favours LAD occlusion
• Flat ST segments in several leads
• Flipped T wave in aVL (can be normal if the QRS is 
predominately negative but I don’t like it)



Plan



Plan

• Based on the history and ECG he was taken to the cath lab
• He had a 100% LAD occlusion



Take Home Points

• You do not have to decide whether or not there is acute AMI on
the basis of a single ECG
- its OK to be unsure

• If in doubt do: serial ECG and look for evolving changes
find an old ECG

• Bedside ECHO can help 
• HS trop (call the lab yell and plead)





Case 

62 year old man

Smoker

Exertional chest pain

Radiating to both arms

Sweating (diaphoresis)





ECG Interpretation: Inferior “STEMI” 

• Regular Sinus Rhythm 
• at a rate of 66 

• Normal Axis
• Subtle ST elevation in inferior leads?
• Reciprocal ST depression in the lateral leads
• Hyperacute T wave sin the inferior leads



What Else could be going on in this ECG?



Inferior STEMI with Likely RV Extension

• Consider RV involvement as well as
- Subtle ST elevation in V1
- ST depression in V2
- ST elevation III > II 



RV Infarct: Do I Care?

• Isolated RV infarct is rare
• But always need to think of RV involvement when you have an 

inferior MI
- higher Mortality
- risk of Heart Blocks

• Right Ventricle is “pre-load dependent” and this changes our 
management
• Give fluids (RV pre-load dependent to maintain blood pressure)
• Careful with nitrates
• Careful with morphine



RV Infarct: ECG Changes

• ST elevation in V1
• ST depression in V2 with either

- ST segment elevation in V1
- ST segment is isoelectric in both V1 and V3

• ST elevation in III > II

If you suspect RV involvement, get a right-sided ECG



Right Sided ECG

• Any ST elevation in right sided 
leads
- RV is small so ST elevation   

can be subtle
- rV4 is the money shot



Normal Lead Position



Right-sided Leads



RV Infarction

• Bit hard to remember the rules
• So consider getting “right sided leads” for all your inferior Acute 

Myocardial Infarctions
- before you give nitrates and morphine
- even a hint of ST elevation is likely a Right Ventricular infarction



Inferior STEMI: Summary

• ST elevation in inferior leads
• ST depression in lateral leads

- especially aVL
• Always consider the possibility of RV or posterior wall of LV 

involvement
- a posterior wall infarction does not effect your management
- get right-sided leads 





Case  

79 year old woman

Chest Pain at rest 

Radiates to left arm and jaw

HTN, high cholesterol & GORD

Similar presentation last week

(Normal troponin and discharged)





The ECG

• Subtle ST depression in V2 – V5
• Subtle ST depression in aVL with T wave inversion

- QRS up and T wave down
• Subtle ST elevation in Lead III?

- probably not if you use the TP segment as your baseline



Now what?



Now What

• Get old ECG
• Repeat ECG every 10 minutes
• Follow chest pain algorithm



Old ECG





The ECG’s

• There are new changes
- The ST depression in aVL is new
- The ST depression in V2 – V4 is more pronounced
- subtle ST elevation in III (maybe)

Due to lead placement or something else?



Serial ECG



The ECG

• Inferior STEMI
• And…………



aVL: Summary

• TWI and / or subtle ST depression in aVL needs to be taken seriously
- can be the first sign of an inferior AMI 

ie reciprocal changes in aVL can precede ST elevation in the inferior 
leads

• Not enough by itself to activate the cardiac catheter lab?
- serial ECG’s (till the nurse yells at you)
- find an old ECG





Case  

62 year old man

Smoker

Exertional chest pain

Radiating to both arms





ECG 

• SR at a rate of 72
• Normal axis
• No ST elevation
• TWI inferior leads
• Prominent / chunky / startling T waves in V2 to V4
• Q’s in inferior leads without STE

- old AMI?



• Up-sloping ST depression
• J point is depressed 
• The ST segment seems to run straight into a large, 

broad based T wave



The ECG

• SR at 72
• No ST elevation 
• Normal axis
• DeWinter's T Waves V2 to V4

- acute LAD occlusion



deWinters T waves

• Dressler 1948 rediscovered by DeWinter et al., 2008
• J point depressed 1 to 3 mm below the isoelectric line
• Up-sloping ST depression
• Merges into a tall, symmetric T wave
• Can evolve into ST elevation in the anterior leads
• Found to be due to acute proximal LAD occlusion



De-Winters T waves

• Rokos et al., 2010 proposed that deWinters T waves were a STEMI 
equivalent and should prompt activation of the cath lab
- controversial

• Call cardiology and let them decide





De-Winter’s T Waves: Summary

• Due to acute occlusion of the proximal LAD
• High risk of evolving into an anterior STEMI
• Not yet in the guidelines as a STEMI equivalent
• But they may be soon 
• You should call cardiology





Case 3  

62 year old man

smoker

Exertional chest pain

Radiating to both arms

Diaphoresis





ECG Interpretation

• SR at a rate of 72
• Normal axis
• No ST elevation
• “Early transition” / tall R waves in V2 to V4
• TWI aVL
• Horizontal ST depression in V1 to V5



ST Depression V1 – V4

• Reciprocal change
• Ischaemia
• Infarction of the posterior all of the LV



Posterior AMI

• Usually associated with an inferior infarct
- not change management
- worse prognosis (it’s a bigger area of infarction)

• But about 4 to 10% of AMI’s are pure posterior AMI’s
• They should got to the cath lab (STEMI-equivalent)
• But only 30% do
• Thus we need to be able to distinguish a posterior MI from anterior 

ischaemia



Posterior AMI

• In a 12 lead ECG, no leads 
“look at” the posterior wall 
of the LV

• However, leads V1 to V2 
provide a mirror image of 
the posterior wall of the LV

• Thus a posterior STEMI is 
the mirror image of a septal
(V1 and V2) STEMI



ECG Changes in V1 and V2



Isolated Infarct of Posterior all of LV



Tall R Wave

• It’s not the absolute size that is important
• Compare the R wave to the S wave
• If they are about the same size, it is considered a tall R wave

If you suspect a posterior AMI, get an ECG with posterior leads.
Whilst waiting, do the mirror test.







Posterior Leads

• The mirror test is quick 
and easy

• Right-sided leads are more 
sensitive

• If you suspect a posterior 
wall AMI, get an ECG with 
posterior leads



Posterior Infarct: Summary

• Early on, tall R-waves may not be present
- may take hours to appear
- analogous to Q-waves

• Thus whenever isolated ST-segment depression in leads V1-V3 is 
found, get an ECG using posterior leads

• If  these leads show ST elevation, the diagnosis is posterior STEMI. 
• If these leads do not show ST elevation, the diagnosis is anterior 

ischemia





Summary

• If, based on the patients history, you suspect an AMI get an ECG and 
look for ST elevation and then for a STEMI-equivalent

• It is OK to not be sure if the patient needs re-perfusion
• Remember: serial ECG’s

get old ECG’s
additional leads in selected cases










