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Part 1:   Basic Fundamentals 



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).  
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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 = right to the point, no “extra fluff.” 

CRASH COURSE = fast paced 

TEACHES YOU = you will LEARN and NOT FORGET. 

• You will do EXERCISES throughout course. 

• There is a TEST.    

 

 



OMG a TEST ?!?!!! 

• YES ! 

• But you get THE ANSWERS . . . in ADVANCE! 

• Everytime you see something that’s important 
(something that you should remember in 
order to be a whiz at reading 12 Lead ECGs), it 
is written in bold, dark red font, and is 
UNDERSCORED.   

• The NEXT SLIDE you see will TEST YOUR 
RETENTION of this material! 



OMG a TEST ?!?!!! 

• YES ! 

• But you get THE ANSWERS . . . In ADVANCE! 

• Everytime you see something that’s important 
(something that you should remember in 
order to be a whiz at reading 12 Lead ECGs), it 
is written in _______________, 
__________________.   

• The NEXT SLIDE you see will _________ 
________ of this material! 



Source of Curriculum:  

• Case Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 – Present 



Approximately 13,000 Cases between 1996 - Today 

Wayne Ruppert and Dr. James Irwin, St Joseph’s 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 (the “internal 
ECG”) Tracing and for Pace-mapping, an 
integral component of an EP study 

Author Wayne Ruppert conducting Pace-
mapping during EP study at the St Joseph’s 
Hospital  Heart  Institute, Pediatric 
Electrophysiology Program, Tampa, FL in 
2004 





Source of Curriculum:  

• Case Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 – Present 

• Current Evidence-based Research 

– Journal of the American College of Cardiology (JACC) 

– American Heart Association (AHA) Circulation 

– ACC/AHA Guidelines 

– New England Journal of Medicine 

 



Source of Curriculum:  

• Case Studies from Cardiac Catheterization and 
Electrophysiology Labs, 1996 – Present 

• Current Evidence-based Research 

– Journal of the American College of Cardiology (JACC) 

– American Heart Association (AHA) Circulation 

– ACC/AHA Guidelines 

– New England Journal of Medicine 

• Two 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/


“12 Lead ECG in ACS” Editorial 
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, 
St Joseph’s Hospital, Tampa, FL ;  Past Chairman, AHA Florida and Puerto Rico 
 

Humberto Coto, MD, FACEP Past Chief of Cardiology, St. Joseph’s Hospital, Tampa, 
FL 
 

Mike Taigman,  EMS Industry Author, Conference Speaker, Journalist;  Author, 
“Taigman’s Advanced Cardiology in Plain English”    
 
 
Printed and Marketed Worldwide by The Ingram Book Company 
 2010 - Current 



www.TriGenPress.com 

www.ECGtraining.org 
BarnesandNoble.com 

Amazon.com 

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


“STEMI Assistant” Editorial Board: 
 

Barbra Backus, MD, PhD  Inventor of “The HEART Score,”  University Medical 

Center, Utrech, Netherlands 
 

Michael R. Gunderson, National Director, Clinical and Health IT, American Heart 
Association 
 

Anna Ek, AACC, BSN, RN  Accreditation Review Specialist, The American College of 
Cardiology 
 

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 – 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


Advanced Telemetry & 12 Lead 
ECG Workshop – Parts 1, 2 & 3 

Observation Medicine Tract 

              American College of Cardiology 
              20th Congress 2017 

 

              Red Rock Resort, Las Vegas 
              October 25 & 26, 2017 

By:  Wayne W Ruppert, CVT, CCCC, NREMT-P 



Wayne Ruppert  bio: 

 Cardiovascular Coordinator 2012-present  (coordinated 
5 successful accreditations) 

 Interventional Cardiovascular / Electrophysiology 
Technologist, 1995-Present. 

 Author of:  “12 Lead ECG Interpretation in Acute 
Coronary Syndrome with Case Studies from the Cardiac 
Cath Lab,” 2010,  TriGen publishing / Ingram Books 

 Author of: “STEMI Assistant,” 2014,  TriGen publishing / 
Ingram Books  

 Florida Nursing CE Provider # 50-12998 
 12 Lead ECG Instructor, 1994-present (multiple 

hospitals, USF College of Medicine 1994) 
 Website:   www.ECGtraining.org    

https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/0982917201
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/0982917201
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/0982917201
https://www.amazon.com/s/ref=nb_sb_noss?url=search-alias%3Dstripbooks&field-keywords=STEMI+Assistant
http://www.ecgtraining.org/


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 
published textbooks, “STEMI Assistant” and “12 Lead 
ECG Interpretation in ACS with Case Studies from the 
Cardiac Cath Lab,” are Copyright protected, and may 
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


Today’s Agenda: 

• First half of class (Part 1): 

– 12 Lead ECG Basic Fundamentals 

• Electrophysiology (Depolarization & Repolarization)  
– Waveforms and Intervals Relevant to ACS 

• Cardiac Anatomical Correlations with 12 Lead ECG  

• Second half of class (Part 2): 

– ECG indicators of ACS 

– Diagnosis of STEMI 

• With Wide QRS  vs.  Normal width QRS 

• Clinical Relevance: predicting specific complication 
based on region of infarction.  



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: 
 
• Asymptomatic 
• Troponin normal 
• Cardiac Cath 

angiography = 
“no obstructive 
CAD.”   

• Discharge 
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.     







Despite the ECG’s problematic  
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 ???  



 
 
 
 
 





• We utilize ACS Risk 
Stratification  to 
compensate for the 
ECG’s lack of 
sensitivity and 
specificity, to aid us 
in clinical decision-
making and to 
improve our 
diagnostic 
accuracy. 

45 
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C-Statistic interpretation: 
 

A score of “1.00” would mean the score predicts 
outcome with 100% perfection.   A score of 0.50 
is the same as a “50/50 coin toss.”    A score of 
LESS THAN 0.50 means that the score predicts 
the opposite  outcome.   

47 



1,070 observation unit patients at 
Wake Forest  

  F  Out performed clinician gestalt  ! 

 
Mahler et. al, Crit Path Cardiol, 2011  
Mahler et. al, Int J Cardiol, 2013 
 

48 



The HEART Score: 

 

49 



Heart Score Reliability 

 

50 



Myocardial Electrophysiology 

 



P  WAVE =  
ATRIAL  DEPOLARIZATION 

 

 

 

QRS  COMPLEX = 
VENTRICULAR 

DEPOLARIZATION 

(contracting)   

 

 

T  WAVE  = 
VENTRICULAR  

REPOLARIZATION 

(recharging)  

REVIEW of NORMAL ECG Waveforms: 



The J Point 

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



The __?__ 

• The ______is 
where the 
QRS ends and 
the ST 
Segment 
Begins.   

















Normal Variants: 
T Wave Inversion 





The T Wave SHOULD NOT be: 

• Inverted in TWO or more CONTIGUOUS 
LEADS 

• Hyperacute (“Pointy” tipped) 

• BiPhasic (half above and half below 
isoelectric line)    

 



The T Wave SHOULD NOT be: 

• Inverted in ___________CONTIGUOUS 
LEADS 

• __________ (“Pointy” tipped) 

• ________ (half above and half below 
isoelectric line)    

 



The next slide shows an ECG 
waveform with normal  J Points, ST 

Segments and T waves…… 

THINK OF THIS AS YOUR “MEASURING 
STICK” of what a NORMAL ECG should 
look like !!! 



The NORMAL ECG 

 



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

 



ECG Indicators of NORMAL 
myocardial perfusion include: 

• J Point isoelectric, or within 1mm of the 
ISOELECTRIC LINE 

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

• The T Wave is UPRIGHT (in all leads except for 
AVR), is not taller than the QRS, and is gently 
rounded (NOT “pointy”).  

 



ECG Indicators of NORMAL 
myocardial perfusion include: 

• J Point isoelectric, or within_____of the 
ISOELECTRIC LINE 

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

• The T Wave is ________ (in all leads except 
for AVR), is not taller than ______, and is 
_____________(NOT “pointy”).  

 



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 . . .  

• The cellular level:  Ventricular Myocardial Cells 
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Depolarization on the ECG: 

• Is represented by the QRS Complex    
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Repolarization on the ECG: 

• Is represented by the: 

– J Point 

–ST Segment 

–T Wave    



 



 

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



83 



ECG Intervals: 

 



P-R Interval 

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



P-R Interval 

• The P-R Interval 
should be 
between ___-
___ms,  (which is 
3 – 5 little 
squares). 



QRS Duration (width): 

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



QRS Duration (width): 

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



QRS Duration (width): 

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

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



QRS Duration (width): 

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

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



QRS Duration (width): 

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

– J Point 

– ST Segment 

– T Wave  

• These changes are known as Secondary 
Repolarization Abnormalities.   

 



QRS Duration (width): 

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

– ______ 

– _________ 

– ______  

• These changes are known as Secondary 
Repolarization Abnormalities.   

 



The J Point 

The J Point should be  

WITHIN  1mm  

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



The J Point 

The J Point should be  

WITHIN ____ 

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



12 Lead ECG:  
Proper Lead Placement 

 



Obtaining the 12 Lead ECG 

 



Obtaining the 12 Lead ECG 

• Limb leads should be on the limbs.   

 



Obtaining the 12 Lead ECG 

• Limb leads should be on the limbs.  

– To minimize muscular artifact, place leads over 
bone (e.g. Tibia) or places with minimal muscle 
(palmar aspect [underside] of wrist)   

 



Obtaining the 12 Lead ECG 

    Recent AHA/ACC/HRS literature indicates 
QRS AMPLITUDE, Q WAVE DURATION, AXIS 
and WAVEFORM DEFLECTION can be altered 
when limb leads are placed on the patient's 
torso (Mason-Likar lead placement).  

 

Therefore every effort should be made to 
place limb leads on the limbs.  



 



 



Obtaining the 12 Lead ECG 

• Limb leads should be placed on the limbs.   

• When emergency circumstances dictate that 
limb leads be placed on patient's torso, the 
words "LIMB LEADS ON PATIENT'S TORSO" 
should be noted on the ECG.     

 



Obtaining the 12 Lead ECG 

• Limb leads should be placed _____________.   

• When emergency circumstances dictate that 
limb leads be placed on patient's torso, the 
words “____________________________“ 
should be noted on the ECG.     

 



CORRECT Lead placement: 

 



INCORRECT Lead placement: 

 



 



CORRECT Lead placement: 

 



Insert NORMAL ECG 

 



INCORRECT Lead placement: 

 



Insert ECG w/ OLD ANT MI 

 



 



Leads V1 & V2 on 12 Lead ECG: 

• Proper lead placement of precordial Leads V1 
and V2 are 4th intercostal space  on opposite 
sides of the sternum.  

• Incorrect placement of Leads V1 and V2 will 
result in the presence of Q Waves (indicator 
of necrosis) leading to misdiagnosis of 
previous anterior / septal infarction.   



Leads V1 & V2 on 12 Lead ECG: 

• Proper lead placement of precordial Leads V1 
and V2 are __________________on opposite 
sides of the sternum.  

• Incorrect placement of Leads V1 and V2 will 
result in the presence of Q Waves (indicator 
of necrosis) leading to misdiagnosis of 
_____________________________.   





The 12 Lead ECG . . . 

 



 



 







Imagine a body made of clear 
glass, with only a HEART 

inside.  We dip this body in 
liquid chocolate, and then 
scratch holes in each spot 

where we normally place the 
ECG leads . . . . .    



What part of the HEART 
would each lead SEE ? 



Fill in the 
blanks as 
we 
proceed! 



What each of the 12 
Leads “see,” in more 

detail . . . .  



 











Leads V1-V4: 

• V1 – V4 view the ANTERIOR WALL of the Left 
Ventricle. 

• V1 and V2 also view the SEPTAL WALL 

• V1 – V3 view the POSTERIOR WALL via 
Reciprocal Changes.    



Leads V1-V4: 

• V1 – V4 view the ______________of the Left 
Ventricle. 

• V1 and V2 also view the ___________ 

• V1 – V3 view the ______________via 
Reciprocal Changes.    



 



Leads V5 & V6: 

• V5 & V6 view the LATERAL WALL  of the Left 
Ventricle. 



Leads V5 & V6: 

• V5 & V6 view the _____________of the Left 
Ventricle. 







Leads I and AVL: 

• Leads I and AVL view the PROXIMAL aspect of 
the LATERAL and ANTERIOR WALLS 

• I and AVL can be associated with EITHER the 
LATERAL WALL, the ANTERIOR WALL, or BOTH 
the LATERAL and ANTERIOR WALLS. 



Leads I and AVL: 

• Leads I and AVL view the PROXIMAL aspect of 
the _______ and ________ WALLS 

• I and AVL can be associated with EITHER the 
____________, the _____________, or BOTH 
the _______ and _____________. 



 



Leads II, III, and AVF: 

• Leads, II, III, and AVF view the INFERIOR WALL 
of the Left Ventricle.    



Leads II, III, and AVF: 

• Leads, II, III, and AVF view the _____________ 
of the Left Ventricle.    







Lead AVR: 

• Lead AVR views the BASILAR SEPTUM.  

• The BASILAR SEPTUM is the area where the 
BUNDLE of HIS is typically located.      



Lead AVR: 

• Lead AVR views the ______________.  

• The ______________is the area where the 
____________ is typically located.      



Lead AVR: 

• ST Elevation in Lead AVR during Acute STEMI 
is associated with LEFT MAIN CORONARY 
ARTERY obstruction, which has a 75% 
mortality Rate. 

• ST Elevation of Lead AVR when STEMI is NOT 
present is often associated with CRITICAL 
TRIPLE VESSEL disease, and/or CRITICAL 
OCCLUSION of the LEFT MAIN CORONARY 
ARTERY: both require Coronary Artery Bypass 
Graft (CABG) Surgery!!  



Lead AVR: 

• ST Elevation in Lead AVR during Acute STEMI 
is associated with ______________________ 
______ obstruction, which has a __% 
mortality Rate. 

• ST Elevation of Lead AVR when STEMI is NOT 
present is often associated with _______ 
____________ disease, and/or CRITICAL 
OCCLUSION of the ___________________ 
______: both require Coronary Artery Bypass 
Graft (CABG) Surgery!!  





 







THE 12  LEAD  ECG HAS  TWO  MAJOR BLIND  SPOTS . .  



The TWO major BLIND SPOTS of 
the 12 Lead ECG are the 

POSTERIOR WALL and the  
RIGHT VENTRICLE.   



The TWO major BLIND SPOTS of 
the 12 Lead ECG are the 
______________and the  

_______________.   



THE  18  LEAD  ECG COVERS   THE ENTIRE  HEART . .  



To do 18 Lead ECG with 12 Lead machine – after you 

obtain 12 Lead, reposition CHEST LEADS to this 

configuration, then print ! 



LEAD PLACEMENT for obtaining 

RIGHT VENTRICULAR ECG: 

V4R – V6R 



The INDICATION for obtaining a 
RIGHT VENTRICULAR ECG is 

INFERIOR WALL STEMI. 



The INDICATION for obtaining a 
RIGHT VENTRICULAR ECG is 

___________________. 



LEAD PLACEMENT for obtaining a 

POSTERIOR ECG. 

Leads 

V7 – V9 



The INDICATION for obtaining a 
POSTERIOR LEAD ECG is  

ST Depression in Leads V1-V4. 



The INDICATION for obtaining a 
POSTERIOR LEAD ECG is  

________________________. 



Coronary Artery Anatomy 

 



163 



There are MUTLITPLE anatomic 
variations in Coronary Artery 

Anatomy.  
 

This curriculum reviews the TWO 
most common, which account for 

approximately 90% of the 
population.   



“INVALUABLE ASSET  for ALL MEDICAL PROFESSIONALS who  
provide direct care to STEMI patients !” 



The 12 Lead ECG becomes your “crystal 
ball !!” 





Leads V1 – V4  are associated with the Left Anterior Descending Artery 168 



 



 



Left Anterior Descending Artery 

The LAD supplies blood to the ANTERIOR and 
SEPTAL walls, and includes the following 
CRITICAL STRUCTURES: 

• Approximately 45% of the Left Ventricle 

• Bundle of His 

• Bundle Branches 



Left Anterior Descending Artery 

The LAD supplies blood to the ANTERIOR and 
SEPTAL walls, and includes the following 
CRITICAL STRUCTURES: 

• Approximately ____of the Left Ventricle 

• ___________ 

• _____________ 



 



 





 



Circumflex (Cx) Artery 

In patients with a Right Dominant coronary 
artery system, the Circumflex supplies blood to: 

• Approximately 20-30% of the Left Ventricle, 
which includes: 

– Lateral Wall of Left Ventricle 

–Approx ½ of Posterior Wall 

• On rare occasion, the SINUS NODE 



Circumflex (Cx) Artery 

In patients with a Right Dominant coronary 
artery system, the Circumflex supplies blood to: 

• Approximately 20-30% of the Left Ventricle, 
which includes: 

–__________of Left Ventricle 

–______________________ 

• On rare occasion, the __________ 



 



 



Right Coronary Artery (RCA) 

In patients with a RIGHT DOMINANT system, 
the RCA supplies blood to the following cardiac 
structures: 

• Sinus Node 

• Right Ventricle  

• AV Node 

• Approximately 15-25% of the Left Ventricle 

– INFERIOR  Wall 

– ½ POSTERIOR WALL 



Right Coronary Artery (RCA) 

In patients with a RIGHT DOMINANT system, 
the RCA supplies blood to the following cardiac 
structures: 

• __________ 

• _____________ 

• _______ 

• Approximately _____%of the Left Ventricle 

– INFERIOR  Wall 

– ½ POSTERIOR WALL 
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