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Download Class Materials: 
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www.ECGtraining.org 
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Cardiac Cath & Electrophysiology Technologist 1996 ï Current  

(Approx 13,000 cases) 

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



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 





Wayne Ruppert  bio: 

ÁCardiovascular Coordinator 2012-present  (coordinated 
5 successful accreditations) 
ÁInterventional Cardiovascular / Electrophysiology 

Technologist, 1995-Present. 
Á!ǳǘƘƻǊ ƻŦΥ  ά12 Lead ECG Interpretation in Acute 

Coronary Syndrome with Case Studies from the Cardiac 
Cath LabΣέ нлмлΣ  TriGen publishing / Ingram Books 
Á!ǳǘƘƻǊ ƻŦΥ άSTEMI AssistantΣέ нлмпΣ  TriGen publishing / 

Ingram Books  
ÁFlorida Nursing CE Provider # 50-12998 
Á12 Lead ECG Instructor, 1994-present (multiple 

hospitals, USF College of Medicine 1994) 
ÁWebsite:   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/


Cardiac Cath Lab Advantage: 

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



www.TriGenPress.com 
www.ECGtraining.org 
 

BarnesandNoble.com 
Amazon.com 
 

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


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


¢ƻŘŀȅΩǎ hōƧŜŎǘƛǾŜǎΥ 

ÅReview Citrus County FD Chest Pain and STEMI 
Protocols 

 



¢ƻŘŀȅΩǎ hōƧŜŎǘƛǾŜǎΥ 

ÅReview Citrus County FD Chest Pain and STEMI 
Protocols 

Å12 Lead EKG  in ACS 

 



¢ƻŘŀȅΩǎ hōƧŜŎǘƛǾŜǎΥ 

ÅReview Citrus County FD Chest Pain and STEMI 
Protocols 

Å12 Lead EKG  in ACS 

ïLead Placement 

ïCorrelation of Leads with Coronary Anatomy  

ïIdentify EKG Indicators of ACS 

ïBundle Branch Blocks and Identifying  STEMI 

 



¢ƻŘŀȅΩǎ hōƧŜŎǘƛǾŜǎΥ 

ÅReview Citrus County FD Chest Pain and STEMI 
Protocols 

Å12 Lead EKG  in ACS  

ÅIdentify and Manage Patients with STEMI and 
possible Ischemia 

 



¢ƻŘŀȅΩǎ hōƧŜŎǘƛǾŜǎΥ 

ÅReview Citrus County FD Chest Pain and STEMI 
Protocols 

Å12 Lead EKG  in ACS  

ÅIdentify and Manage Patients with STEMI and 
possible Ischemia 

ï¦ǎƛƴƎ ǘƘŜ мн [ŜŀŘ 9YD ŀǎ ŀ ά/Ǌȅǎǘŀƭ .ŀƭƭέ ǘƻ 
determine what to complications to anticipate 

ïSTEMI Alert Procedures 

 



Some Basic Vocabulary:  
ÅIschemia = Inadequate blood supply to cells, 

but cells are still getting blood.  Cellular 
Oxygen Demand is HIGHER than the Oxygen 
Supply.   

ÅInfarction = blood supply to cells has been cut 
off.  Cells are no longer receiving oxygen or 
glucose.  Cells survive by consuming available 
glycogen reserves, convert to ANAEROBIC 
metabolism.   Unless blood supply is restored, 
cells die when glycogen reserves are depleted.   



Some Basic Vocabulary:  

ÅAcute Coronary Syndrome (ACS) is made up 
of the following cardiac conditions: 

ïUnstable Angina   

ïNon-ST Segment Elevation Myocardial Infarction 
(NSTEMI) 

ïST Segment Elevation Myocardial Infarction 
(STEMI)   

 

ÅLow Risk Chest Pain 

 



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 ???  



 
 
 
 
 



ÅIn the hospital we 
utilize ACS Risk 
Stratification tools 
ς such as The 
HEART Score.  We 
also have 
Troponins,  Echo, 
CT and Cardiac 
Cath.  In the field, 
you have far fewer 
resources!! 



ÅWhat do you have 
in the field?  
ïSymptoms 

ïECG 

ïRisk Factors 

 



 





EMS 12 Lead ECG 

 



10 wires . . .  

Å4 limb leads 

Åс ŎƘŜǎǘ όά±έύ ƭŜŀŘǎ 



 



 



What part of the HEART 
would each lead SEE ? 



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 . . . . .    



Fill in the 
blanks as 
we 
proceed! 



What each of the 12 
[ŜŀŘǎ άǎŜŜΣέ ƛƴ ƳƻǊŜ 

detail . . . .  



 











Leads V1-V4: 

ÅV1 ς V4 view the ANTERIOR WALL of the Left 
Ventricle. 

ÅV1 and V2 also view the SEPTAL WALL 

ÅV1 ς V3 view the POSTERIOR WALL via 
Reciprocal Changes.    



Leads V1-V4: 

ÅV1 ς V4 view the ______________of the Left 
Ventricle. 

ÅV1 and V2 also view the ___________ 

ÅV1 ς V3 view the ______________via 
Reciprocal Changes.    



 



Leads V5 & V6: 

ÅV5 & V6 view the LATERAL WALL  of the Left 
Ventricle. 



Leads V5 & V6: 

ÅV5 & V6 view the _____________of the Left 
Ventricle. 







Leads I and AVL: 

ÅLeads I and AVL view the PROXIMAL aspect of 
the LATERAL and ANTERIOR WALLS 

ÅI and AVL can be associated with EITHER the 
LATERAL WALL, the ANTERIOR WALL, or 
BOTH.  



Leads I and AVL: 

ÅLeads I and AVL view the PROXIMAL aspect of 
the _______ and ________ WALLS 

ÅI and AVL can be associated with EITHER the 
____________, the _____________, or BOTH.  



 



Leads II, III, and AVF: 

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



Leads II, III, and AVF: 

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







Lead AVR: 

ÅLead AVR views the BASILAR SEPTUM.  

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



Lead AVR: 

ÅLead AVR views the ______________.  

ÅThe ______________is the area where the 
____________ is typically located.      



Lead AVR: 

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

ÅST 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: 

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

ÅST 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 ï after you 

obtain 12 Lead, reposition CHEST LEADS to this 

configuration, then print !  



LEAD PLACEMENT for obtaining 

RIGHT VENTRICULAR ECG: 

V4R ï 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 ï 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 

 





84 



άLb±![¦!.[9 !{{9¢  ŦƻǊ ![[ a95L/![ twhC9{{Lhb![{ ǿƘƻ  
ǇǊƻǾƛŘŜ ŘƛǊŜŎǘ ŎŀǊŜ ǘƻ {¢9aL ǇŀǘƛŜƴǘǎ Ηέ 



The 12 Lead ECG becomes your òcrystal 
ball !!ó 





There are MUTLITPLE anatomic 
variations in Coronary Artery 

Anatomy.  
 

This curriculum reviews the TWO 
most common, which account for 

approximately 90% of the 
population.   



Leads V1 ς V4  are associated with the Left Anterior Descending Artery 89 



 



 



Left Anterior Descending Artery 

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

ÅApproximately 45% of the Left Ventricle 

ÅBundle of His 

ÅBundle Branches 



Left Anterior Descending Artery 

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

ÅApproximately ____of the Left Ventricle 

Å___________ 

Å_____________ 



 



 



 



Circumflex (Cx) Artery 

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

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

ïLateral Wall of Left Ventricle 

ïApprox ½ of Posterior Wall 

ÅOn rare occasion, the SINUS NODE 



Circumflex (Cx) Artery 

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

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

ï__________of Left Ventricle 

ï______________________ 

ÅOn rare occasion, the __________ 



 



 



Right Coronary Artery (RCA) 

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

ÅSinus Node 

ÅRight Ventricle  

ÅAV Node 

ÅApproximately 15-25% of the Left Ventricle 

ïINFERIOR  Wall 

ï½ POSTERIOR WALL 



Right Coronary Artery (RCA) 

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

Å__________ 

Å_____________ 

Å_______ 

ÅApproximately _____%of the Left Ventricle 

ïINFERIOR  Wall 

ï½ POSTERIOR WALL 



 



 



Initial Assessment: 

ÅABCs  (rule out ς or treat ς cardiac arrest) 

ÅSHOCK Assessment  







 FAIL  the  SHOCK  SURVEY ? 
 

 F   RAPIDLY  FIND   AND  TREAT   

  THE  ROOT  CAUSE . . .   WORK  TO  
RAPIDLY  IDENTIFY            THE  CAUSE  
OF  SHOCK. 

 
 



 



 



ACLS criteria for Oxygen: 

Å{!hн ƭŜǎǎ ǘƘŀƴ фл   ΧΦ !ƴŘκ ƻǊ ΧΦΦ 

ÅSigns of Hypoxia (shock) are present. 

 

Some agency protocols are more aggressive 
about when O2 is given 



CHIEF  COMPLAINT 

KEY  WORDS: 
 
ά/I9{¢Υ   t!Lb κ I9!±Lb9{{ κ tw9{{¦w9κ 
C¦bb¸ C99[LbD LbΣέ  ŜǘŎΦ 
 
SHORTNESS  BREATH  
 
DIZZINESS / LIGHTHEADEDNESS 
 
ETC.  ETC.  ETC. 



ά/ƭŀǎǎƛŎέ ŎŀǊŘƛŀŎ ŎƘŜǎǘ ǇŀƛƴΥ 

ÅLocation:  Substernal    

ÅDull or Pressure-like in nature 

ÅDoes not change with deep inspiration  



ά/ƭŀǎǎƛŎέ ŎŀǊŘƛŀŎ ŎƘŜǎǘ ǇŀƛƴΥ 

ÅLocation:  _________    

Å___ or __________ in nature 

ÅDoes not change with ______________  







ATYPICAL SYMPTOMS of ACS  

 

  

             ? ? ?  
 

 

 

 
 



BOOK  PAGE:  70  







Physical Exam ς Clues of MI: 

ÅSkin may be PALE, CLAMMY 

ÅSWEATING !  (Diaphoresis) 

ÅClutching /Rubbing chest 

ÅBP can be high, normal or low  

Å!ƴȄƛŜǘȅ κ άƭƻƻƪ ƻŦ ƛƳǇŜƴŘƛƴƎ ŘƻƻƳΦέ   



All patients with ACS symptoms . . . 

STAT 12 Lead ECG; obtain and have 
read within 10 minutes !!!   

ACC/AHA Guideline! 



All patients with ACS symptoms . . . 

STAT 12 Lead ECG; obtain and have 
read within _________ !!!   

ACC/AHA Guideline! 



The 12 Lead ECG to Rule out ACS:  

ÅAcute Coronary Syndrome (ACS) is made up 
of the following cardiac conditions: 

ïUnstable Angina   

ïNon-ST Segment Elevation Myocardial Infarction 
(NSTEMI) 

ïST Segment Elevation Myocardial Infarction 
(STEMI)   

 

ÅLow Risk Chest Pain 

 



Unstable Angina - ECG: 

The 12 Lead ECG may show: 

The 12 Lead ECG may show: 
- ST Depression 
- Other ST Segment changes 
- Inverted T waves 
- THE ECG MAY BE COMPLETELY NORMAL. 
 



















Unstable Angina Findings: 

The 12 Lead ECG may exhibit: 

ÅST-T Wave changes in leads that view the 
ischemic region  

ïST Depression 

ïT Wave Inversion 

ïhǘƘŜǊ άƴƻƴ-ǎǇŜŎƛŦƛŎέ {¢-T changes 

ÅThe ECG may be TOTALLY NORMAL.  

ÅTroponin is NEGATIVE. 



Unstable Angina Findings: 

The 12 Lead ECG may exhibit: 

Å________________ in leads that view the 
ischemic region  

ïST Depression 

ïT Wave Inversion 

ïhǘƘŜǊ άƴƻƴ-ǎǇŜŎƛŦƛŎέ {¢-T changes 

ÅThe ECG may be  _________________.  

ÅTroponin is ________. 

 





Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

άǎǳō-ŜƴŘƻŎŀǊŘƛŀƭ aLέ Φ Φ Φ  άǇŀǊǘƛŀƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ 



NSTEMI Findings: 

The 12 Lead ECG may exhibit: 

ÅST-T Wave changes in leads that view the 
ischemic region  

ïST Depression 

ïT Wave Inversion 

ïhǘƘŜǊ άƴƻƴ-ǎǇŜŎƛŦƛŎέ {¢-T changes 

ÅThe ECG may be COMPLETELY NORMAL.  

ÅTroponin is POSITIVE. 

 



NSTEMI Findings: 

The 12 Lead ECG may exhibit: 

Å________________ in leads that view the 
ischemic region  

ïST Depression 

ïT Wave Inversion 

ïhǘƘŜǊ άƴƻƴ-ǎǇŜŎƛŦƛŎέ {¢-T changes 

ÅThe ECG may be  _________________.  

ÅTroponin is ________. 

 









Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

άǎǳō-ŜƴŘƻŎŀǊŘƛŀƭ aLέ Φ Φ Φ  άǇŀǊǘƛŀƭ ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ  

¢Ƙƛǎ ƛǎ ŀ άtŀǊǘƛŀƭ ²ŀƭƭ ¢ƘƛŎƪƴŜǎǎέ aLΣ ƘŜŀǊǘ 
cells are dying, and the Troponin becomes 
ŘŜǘŜŎǘŀōƭŜ ƛƴ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōƭƻƻŘǎǘǊŜŀƳΦ    
¦ǎǳŀƭƭȅ άƭŜǎǎ ǎŜǾŜǊŜέ ǘƘŀƴ ŀ {¢9aLΣ ǇŀǘƛŜƴǘ 
needs blood thinners and to get to the cath 
lab in 24-48 hours.   



STEMI 

ÅST Segment Elevation Myocardial Infarction.  



STEMI  

ST Segment Elevation Myocardial Infarction. 

όάŦǳƭƭ-ǿŀƭƭ ǘƘƛŎƪƴŜǎǎΣέ ¢ǊŀƴǎƳǳǊŀƭ ŜǾŜƴǘύ 

This is a life-threatening emergency.  Part of 
ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƘŜŀǊǘ ƛǎ ŘȅƛƴƎΦ   .ƭƻƻŘ Ŧƭƻǿ Ƴǳǎǘ 
be restored within 90 minutes or less in order 
to preserve heart muscle.     Based on the 
region of the heart affected, critical and often 
lethal complications rapidly develop.   



Ischemia and Infarction = Acute 
Coronary Syndrome 

The conditions associated with Acute Coronary 
Syndrome (ACS) include: 

ÅUnstable Angina (ischemia) 

ÅNon-ST Segment Elevation Myocardial 
Infarction  (NSTEMI)   (infarction) 

ÅST Segment Elevation Myocardial Infarction 
(STEMI)  (Infarction)  



Q:    To evaluate the patient for ischemia 
or infarction, what part of the ECG do we 
look at?  



Q:    To evaluate the patient for ischemia 
or infarction, what part of the ECG do we 
look at?  

A:   We evaluate the  
Å J Points 
Å ST Segments & 
Å T Waves  
ΧΧΧΧΧΧΧΧΧΦΦ ƛƴ ŜŀŎƘ ƭŜŀŘ Η  



Evaluating the ECG for ACS: 

 



  Patients with Normal Width QRS  

(QRSd < 120ms)   

Evaluating the ECG for ACS: 



Q: Why is QRS width an issue 
when we look at J Points, ST 

Segments and T Waves?? 



Q: Why is QRS width an issue 
when we look at J Points, ST 

Segments and T Waves?? 

A: When the QRS is abnormally 
wide (> 120ms), it ALTERS the J 

Points, ST Segments and T Waves. 





Φ Φ ΦǘƘŜ άŦƭŀǘ ƭƛƴŜέ ōŜǘǿŜŜƴ 9/D ŎƻƳǇƭŜȄŜǎΣ 
when there is no detectable electrical 

activity . . . 



The Isoelectric Line -  
ƛǘΩǎ ƴƻǘ ŀƭǿŀȅǎ ƛǎƻŜƭŜŎǘǊƛŎ Η 

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt9-zH-bjgAhWwTt8KHXOuAmkQjRx6BAgBEAU&url=https://www.aclsmedicaltraining.com/blog/guide-to-understanding-ecg-artifact/&psig=AOvVaw1J4TUY_QecWnYSb3IFziYR&ust=1550155311675809


 



Use the P-Q junction as a reference 
point for measuring the J Point and 

ST-{ŜƎƳŜƴǘ ǿƘŜƴ άiso-electric line is   

not iso-
ŜƭŜŎǘǊƛŎ Ηέ 



Defining NORMAL:  



ECG Indicators of 
ABNORMAL PERFUSION 

(possible ischemia / infarction) 
in Patients with  

Normal Width  QRS Complexes 
(QRS duration < 120 ms)  

  Normal Width 





 



Some less common, less reliable 
possible indicators of ACS:   


