
STAT 12 Lead  ECG Workshop: 

Basics  &  ACS 

 WAYNE  W  RUPPERT,  CVT, CCCC, NREMT-P 

Cardiovascular  Coordinator 
Chest Pain Center & Heart Failure Programs 
Bayfront Health Seven Rivers 
Crystal River, Florida   
 
Interventional Cardiovascular  
& Electrophysiology  
Technologist 

Copyright 2010, 2011, 2015, 2019  Wayne W Ruppert 



Welcome ! 



WORKSHOP Description 
This is a FOCUSED, CRASH COURSE that TEACHES 
YOU to interpret 12 Lead ECGs to identify 
INDICATORS of Acute Coronary Syndrome (ACS).  
  

WORKSHOP = you will have to do some WORK. 

FOCUSED = ǊƛƎƘǘ ǘƻ ǘƘŜ ǇƻƛƴǘΣ ƴƻ άŜȄǘǊŀ ŦƭǳŦŦΦέ 

CRASH COURSE = fast paced 

TEACHES YOU = you will LEARN and NOT FORGET. 

ÅYou will do EXERCISES throughout course. 

   

 

 



Source of Curriculum:  

ÅCase Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 ς Present 



Approximately 13,000 Cases between 1996 - Today 

Wayne Ruppert and Dr. James Irwin, St Josephôs Hospital, Tampa,  7/29/2004   



Cardiac Cath Lab Advantage: 

Allows us to 
CORRELATE 
ECG leads 
with 
SPECIFIC 
cardiac 
anatomic 
structures. 



Electrophysiology Lab 

EP Catheters within the heart used for 
obtaining the Electrogram όǘƘŜ άƛƴǘŜǊƴŀƭ 
9/Dέύ ¢ǊŀŎƛƴƎ ŀƴŘ ŦƻǊ tŀŎŜ-mapping, an 
integral component of an EP study 

Author Wayne Ruppert conducting Pace-
ƳŀǇǇƛƴƎ ŘǳǊƛƴƎ 9t ǎǘǳŘȅ ŀǘ ǘƘŜ {ǘ WƻǎŜǇƘΩǎ 
Hospital  Heart  Institute, Pediatric 
Electrophysiology Program, Tampa, FL in 
2004 





Source of Curriculum:  

ÅCase Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 ς Present 

ÅCurrent Evidence-based Research 

ïJournal of the American College of Cardiology (JACC) 

ïAmerican Heart Association (AHA) Circulation 

ïACC/AHA Guidelines 

ïNew England Journal of Medicine 

 



Source of Curriculum:  

ÅCase Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 ς Present 

ÅCurrent Evidence-based Research 

ïJournal of the American College of Cardiology (JACC) 

ïAmerican Heart Association (AHA) Circulation 

ïACC/AHA Guidelines 

ïNew England Journal of Medicine 

ÅTwo peer reviewed, published textbooks 

 



www.TriGenPress.com 
www.ECGtraining.org 
 

BarnesandNoble.com 
Amazon.com 
 

http://www.trigenpress.com/
http://www.ecgtraining.org/
http://www.trigenpress.com/


ά12 Lead ECG in ACSέ 9ŘƛǘƻǊƛŀƭ 
Board: 
 
Joseph P Ornato, MD, FACC, FACEP,  Professor and Chairman of Emergency 
Medicine, Medical College of Virginia 
 

I. Charles Sand, MD, FACEP, Assistant Director, Department of Emergency Medicine, 
{ǘ WƻǎŜǇƘΩǎ IƻǎǇƛǘŀƭΣ ¢ŀƳǇŀΣ C[ Τ  tŀǎǘ /ƘŀƛǊƳŀƴΣ !I! CƭƻǊƛŘŀ ŀƴŘ tǳŜǊǘƻ wƛŎƻ 
 

Humberto Coto, MD, FACEP tŀǎǘ /ƘƛŜŦ ƻŦ /ŀǊŘƛƻƭƻƎȅΣ {ǘΦ WƻǎŜǇƘΩǎ IƻǎǇƛǘŀƭΣ ¢ŀƳǇŀΣ 
FL 
 

Mike Taigman,  EMS Industry Author, Conference Speaker, Journalist;  Author, 
ά¢ŀƛƎƳŀƴΩǎ Advanced Cardiology in Plain Englishέ    
 
 
Printed and Marketed Worldwide by The Ingram Book Company 
 2010 - Current 
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άSTEMI Assistantέ Editorial Board: 
 

Barbra Backus, MD, PhD  LƴǾŜƴǘƻǊ ƻŦ ά¢ƘŜ I9!w¢ {ŎƻǊŜΣέ  ¦ƴƛǾŜǊǎƛǘȅ aŜŘƛŎŀƭ 
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Michael R. Gunderson, National Director, Clinical and Health IT, American Heart 
Association 
 

Anna Ek, AACC, BSN, RN  Accreditation Review Specialist, The American College of 
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William Parker, PharmD, CGP,  Director of Pharmacy, Bayfront Dade City 
 
 
Printed and Marketed Worldwide by The Ingram Book Company 
 2015 - Current 



STEMI Assistant:   an Emergency Crash 

Cart Interactive Reference Manual  -  free Download 

STEMI Assistant ï Information Video 

http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs


www.practicalclinicalskills.com 

www.skillstat.com/tools/ecg-simulator 

www.ECGtraining.org 

 
 

http://www.practicalclinicalskills.com/
http://www.skillstat.com/tools/ecg-simulator
http://www.skillstat.com/tools/ecg-simulator
http://www.skillstat.com/tools/ecg-simulator
http://www.ecgtraining.org/




©   2010, 2011, 2015, 2019 
All cardiovascular subject-related images, graphics 
and diagrams were created by the author, Wayne 
Ruppert, and have been taken from his two 
ǇǳōƭƛǎƘŜŘ ǘŜȄǘōƻƻƪǎΣ άSTEMI Assistantέ ŀƴŘ ά12 Lead 
ECG Interpretation in ACS with Case Studies from the 
Cardiac Cath Lab,έ ŀǊŜ /ƻǇȅǊƛƎƘǘ ǇǊƻǘŜŎǘŜŘΣ ŀƴŘ Ƴŀȅ 
not be removed from this PowerPoint presentation.  
This presentation may not be used as part of a profit-
generating program without prior written consent 
from the author.   

wayneruppert@aol.com     

https://www.amazon.com/STEMI-Assistant-Wayne-W-Ruppert/dp/0982917260
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
mailto:wayneruppert@aol.com
mailto:wayneruppert@aol.com


¢ƻŘŀȅΩǎ !ƎŜƴŘŀΥ 

ÅFirst half of class (Part 1): 

ï12 Lead ECG Basic Fundamentals 

ÅElectrophysiology (Depolarization & Repolarization)  
ïWaveforms and Intervals Relevant to ACS 

ÅCardiac Anatomical Correlations with 12 Lead ECG  

ÅSecond half of class (Part 2): 

ïECG indicators of ACS 

ïDiagnosis of STEMI 

ÅWith Wide QRS  vs.  Normal width QRS 

ÅClinical Relevance: predicting specific complication 
based on region of infarction.  



Hospital 12 Lead EKG 

 



A FEW CRITICAL POINTS ABOUT THE 
Hospital (or Freestanding ED)  EKG: 

ÅIf EKG order is put in Cerner FIRST you can find 
ǘƘŜ ǇŀǘƛŜƴǘ ƻƴ ǘƘŜ 9YD ƳŀŎƘƛƴŜ ά²ƻǊƪƭƛǎǘέ 

ÅMay take few minutes to transfer from Cerner 
to Cardioserver (EKG maching software). 

Å²ƘŜƴ ǇŀǘƛŜƴǘ ǎŜƭŜŎǘŜŘ ŦǊƻƳ άǿƻǊƪƭƛǎǘέ ƛǘ ǇǊŜ-
populates all pertinent information into the 
EKG machine.  GREATLY reduces errors!!! 



 



Dƻ ǘƻ ά²ƻǊƪƭƛǎǘέ ¢ŀōΣ  

 



Select your patient . . .  

 



 



If patient is NOT on worklist, such as 
άSTAT ECGέ ŦƻǊ ŎƘŜǎǘ Ǉŀƛƴ Φ Φ Φ Φ  

You must MANUALLY enter:  

ÅPatient ID  =  MRN Number  

ÅLast Name 

ÅDate of Birth (  mm/dd/yyyy ) 

ÅGender 

ÅYour ID  ( first initial, last name )  
 



If patient is NOT on worklist, such as 
άSTAT ECGέ ŦƻǊ ŎƘŜǎǘ Ǉŀƛƴ Φ Φ Φ Φ  

You must MANUALLY enter:  

ÅPatient ID  =  MRN Number  

ÅLast Name 

ÅDate of Birth (  mm/dd/yyyy ) 

ÅGender 

ÅYour ID  ( first initial, last name )  
 

Then an ORDER must be generated in CERNER !! 



 



 



 



 



LŦ ȅƻǳ [LY9 ǘƘŜ 9/DΣ ŦƛǊǎǘΣ άPRINTέ ƛǘΧ 

 



!ƴŘ ǘƘŜƴ  άTRANSFERέ ƛǘΧΧΦ 

 



!! CRITICAL !! 
Once the EKG Order has been put in Cerner  

!ƴŘ ǘƘŜ 9YD Ƙŀǎ ōŜŜƴ ƻōǘŀƛƴŜŘΧΧΦ 
 

¸h¦ !.{h[¦¢9[¸ a¦{¢ ά/I9/Y L¢ hCCέ ƻŦ 

Your Task List (Worklist).   

   

FAILURE TO DO SO ς THE EKG WILL NOT ATTACH 
¢h ¢I9 t!¢L9b¢Ω{ /9wb9w /I!w¢ ŀƴŘ ²hbΩ¢ 

BE AVAILABLE TO DOCTORS OUTSIDE THE ED !!! 



Before we go  
any farther,  
you should  
know . . .  



Sometimes,  
ECGs 

LIE to us !  



ECGs and USED CAR SALESMEN 
often have MUCH in common ! 



 



NORMAL  
 ECG. 

But . . . . . 

LETHAL 

TRIPLE  

VESSEL 

DISEASE 

PROBLEMS   WITH 
SENSITIVITY . . .  



PROBLEMS  WITH  SPECIFICITY  .  .  .  



PROBLEMS  WITH  SPECIFICITY  .  .  .  





Patient: 
 
ÅAsymptomatic 
ÅTroponin normal 
ÅCardiac Cath 

angiography = 
άƴƻ ƻōǎǘǊǳŎǘƛǾŜ 
/!5Φέ   

ÅDischarge 
diagnosis:  

EARLY REPOLARIZATION.  This degree of ST Elevation in 
early repolarization is VERY RARE:  The only such ECG I 
have seen in approximately 13,000 cardiac 
catheterizations.     







5ŜǎǇƛǘŜ ǘƘŜ 9/DΩǎ ǇǊƻōƭŜƳŀǘƛŎ  
issues with 

Lack of Sensitivity 
&  

Lack of Specificity,   
The 12 Lead ECG remains  

one of our QUICKEST, most cost-
efficient front-line Triage Tools 

that we have today.    



So how do we know when the ECG is 
telling us the truth ???  



 
 
 
 
 



ÅWe utilize ACS Risk 
Stratification  to 
compensate for the 
9/DΩǎ ƭŀŎƪ ƻŦ 
sensitivity and 
specificity, to aid us 
in clinical decision-
making and to 
improve our 
diagnostic 
accuracy. 

59 





Myocardial Electrophysiology 

 



P  WAVE =  
ATRIAL  DEPOLARIZATION 

 

 

 

QRS  COMPLEX = 
VENTRICULAR 

DEPOLARIZATION 

(contracting)   

 

 

T  WAVE  = 
VENTRICULAR  

REPOLARIZATION 

(recharging)  

REVIEW of NORMAL ECG Waveforms: 



The J Point 

ÅThe J Point is 
where the 
QRS ends and 
the ST 
Segment 
Begins.   



The __?__ 

ÅThe ______is 
where the 
QRS ends and 
the ST 
Segment 
Begins.   

















Normal Variants: 
T Wave Inversion 





The T Wave SHOULD NOT be: 

ÅInverted in TWO or more CONTIGUOUS 
LEADS 

ÅHyperacute όάtƻƛƴǘȅέ ǘƛǇǇŜŘύ 

ÅBiPhasic (half above and half below 
isoelectric line)    

 



The T Wave SHOULD NOT be: 

ÅInverted in ___________CONTIGUOUS 
LEADS 

Å__________ όάtƻƛƴǘȅέ ǘƛǇǇŜŘύ 

Å________ (half above and half below 
isoelectric line)    

 



The next slide shows an ECG 
waveform with normal  J Points, ST 
{ŜƎƳŜƴǘǎ ŀƴŘ ¢ ǿŀǾŜǎΧΧ 

¢ILbY hC ¢IL{ !{ ¸h¦w άa9!{¦wLbD 
{¢L/Yέ ƻŦ ǿƘŀǘ ŀ bhwa![ 9/D ǎƘƻǳƭŘ 
look like !!! 



The NORMAL ECG 

 



Patients with normal QRS duration 
( QRS < 120 ms ) : 

 



ECG Indicators of NORMAL 
myocardial perfusion include: 

ÅJ Point isoelectric, or within 1mm of the 
ISOELECTRIC LINE 

ÅST Segment has a slight positive inclination 
where ST Segment and T Wave merge, the 
shape is CONCAVE (bowed downward). 

ÅThe T Wave is UPRIGHT (in all leads except for 
AVR), is not taller than the QRS, and is gently 
rounded όbh¢ άǇƻƛƴǘȅέύΦ  

 



ECG Indicators of NORMAL 
myocardial perfusion include: 

ÅJ Point isoelectric, or within_____of the 
ISOELECTRIC LINE 

ÅST Segment has a slight_______ inclination 
where ST Segment and T Wave merge, the 
shape is ________ (bowed downward). 

ÅThe T Wave is ________ (in all leads except 
for AVR), is not taller than ______, and is 
_____________όbh¢ άǇƻƛƴǘȅέύΦ  

 



Q:  If the previous slide showed 
what normal  J Points, ST 
Segments and T waves look 
like, what is ABNORMAL ? 



Q:  If the previous slide showed 
what normal  J Points, ST 
Segments and T waves look 
like, what is ABNORMAL ? 

A:  EVERYTHING ELSE !!! 
(we get into many abnormal examples in 

Part 2, after lunch!)  



Digging a Little Deeper . . .  

ÅThe cellular level:  Ventricular Myocardial Cells 



89 
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Depolarization on the ECG: 

ÅIs represented by the QRS Complex    



 



94 



Repolarization on the ECG: 

ÅIs represented by the: 

ïJ Point 

ïST Segment 

ïT Wave    



 



 

From the QRS to the end of the T Wave = QT Interval !  



ECG Intervals: 

 



P-R Interval 

ÅThe P-R Interval 
should be 
between 120-
200ms,  (which is 
3 ς 5 little 
squares). 



P-R Interval 

ÅThe P-R Interval 
should be 
between ___-
___ms,  (which is 
3 ς 5 little 
squares). 



QRS Duration (width): 

ÅThe Normal QRS 
should be NO 
WIDER than 
120ms  (3 little 
squares). 



QRS Duration (width): 

ÅThe Normal QRS 
should be NO 
WIDER than 
___ms  (3 little 
squares). 



QRS Duration (width): 

ÅIf the QRS is WIDER than 120ms, it indicates 
the VENTRICLES are DEPOLARIZING 
ABNORMALLY.    

ÅIf the Ventricles are DEPOLARIZING 
ABNORMALLY, it causes them to 
REPOLARIZE ABNORMALLY.     



QRS Duration (width): 

ÅIf the QRS is WIDER than 120ms, it indicates 
the VENTRICLES are ____________ 
__________.    

ÅIf the Ventricles are DEPOLARIZING 
ABNORMALLY, it causes them to 
_____________________.     



QRS Duration (width): 

ÅWhen the VENTRICLES REPOLARIZE 
ABNORMALLY due to the QRS being TOO 
WIDE, it often causes CHANGES to the: 

ïJ Point 

ïST Segment 

ïT Wave  

ÅThese changes are known as Secondary 
Repolarization Abnormalities.   

 



QRS Duration (width): 

ÅWhen the VENTRICLES REPOLARIZE 
ABNORMALLY due to the QRS being TOO 
WIDE, it often causes CHANGES to the: 

ï______ 

ï_________ 

ï______  

ÅThese changes are known as Secondary 
Repolarization Abnormalities.   

 



Lƴ ƻǘƘŜǊ ǿƻǊŘǎΧΧ 

An abnormally wide QRS  (greater that 3mm) 
ƳŜŀƴǎ ƛǘ  ![¢9w{ ǘƘŜ ǇŀǘƛŜƴǘΩǎ W tƻƛƴǘΣ {¢ 
Segment and T wave ς IT CAN MIMIC ischemia 
and STEMI.   Therefore when the QRS is TOO 
WIDE (>120ms) we have some EXTRA RULES 
that must be applied when reading an EKG for 
Ischemia or MI.      MORE ON THIS in SESSION 
TWO.   



The J Point 

The J Point should be  

WITHIN  1mm  

of the ISOELECTRIC 
LINE (in most, but 
not all  Leads).  


