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Cardiac Cath & Electrophysiology Technologist 1996 – Current 

(Approx 13,000 cases) 

Wayne Ruppert and Dr. James Irwin, St Joseph’s Hospital, Tampa,  7/29/2004   



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 





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    
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Cardiac Cath Lab Advantage: 

Allows us to 
CORRELATE 
ECG leads 
with 
SPECIFIC 
cardiac 
anatomic 
structures. 
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STEMI Assistant:   an Emergency Crash 

Cart Interactive Reference Manual  -  free Download 

STEMI Assistant – Information Video 
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Today’s Objectives: 

• Review Citrus County FD Chest Pain and STEMI 
Protocols 
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Today’s Objectives: 

• Review Citrus County FD Chest Pain and STEMI 
Protocols 

• 12 Lead EKG  in ACS 

– Lead Placement 

– Correlation of Leads with Coronary Anatomy  

– Identify EKG Indicators of ACS 

– Bundle Branch Blocks and Identifying  STEMI 

 



Today’s Objectives: 

• Review Citrus County FD Chest Pain and STEMI 
Protocols 

• 12 Lead EKG  in ACS  

• Identify and Manage Patients with STEMI and 
possible Ischemia 

 



Today’s Objectives: 

• Review Citrus County FD Chest Pain and STEMI 
Protocols 

• 12 Lead EKG  in ACS  

• Identify and Manage Patients with STEMI and 
possible Ischemia 

– Using the 12 Lead EKG as a “Crystal Ball” to 
determine what to complications to anticipate 

– STEMI Alert Procedures 

 



Some Basic Vocabulary:  
• Ischemia = Inadequate blood supply to cells, 

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

• Infarction = 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:  

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

– Unstable Angina   

– Non-ST Segment Elevation Myocardial Infarction 
(NSTEMI) 

– ST Segment Elevation Myocardial Infarction 
(STEMI)   

 

• Low 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: 
 
• 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 ???  



 
 
 
 
 



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



• What do you have 
in the field?  
– Symptoms 

– ECG 

– Risk Factors 

 



 





EMS 12 Lead ECG 

 



10 wires . . .  

• 4 limb leads 

• 6 chest (“V”) leads 



 



 



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 
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.  



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.  



 



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



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





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 – 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: 

• 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 



 



 



Initial Assessment: 

• ABCs  (rule out – or treat – cardiac arrest) 

• SHOCK 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: 

• SAO2 less than 90   …. And/ or ….. 

• Signs of Hypoxia (shock) are present. 

 

Some agency protocols are more aggressive 
about when O2 is given 



CHIEF  COMPLAINT 

KEY  WORDS: 
 
“CHEST:   PAIN / HEAVINESS / PRESSURE/ 
FUNNY FEELING IN,”  etc. 
 
SHORTNESS  BREATH  
 
DIZZINESS / LIGHTHEADEDNESS 
 
ETC.  ETC.  ETC. 



“Classic” cardiac chest pain: 

• Location:  Substernal    

• Dull or Pressure-like in nature 

• Does not change with deep inspiration  



“Classic” cardiac chest pain: 

• Location:  _________    

• ___ or __________ in nature 

• Does not change with ______________  







ATYPICAL SYMPTOMS of ACS 

 

  

             ? ? ?  
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Physical Exam – Clues of MI: 

• Skin may be PALE, CLAMMY 

• SWEATING !  (Diaphoresis) 

• Clutching /Rubbing chest 

• BP can be high, normal or low  

• Anxiety / “look of impending doom.”   



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:  

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

– Unstable Angina   

– Non-ST Segment Elevation Myocardial Infarction 
(NSTEMI) 

– ST Segment Elevation Myocardial Infarction 
(STEMI)   

 

• Low 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: 

• ST-T Wave changes in leads that view the 
ischemic region  

– ST Depression 

– T Wave Inversion 

– Other “non-specific” ST-T changes 

• The ECG may be TOTALLY NORMAL.  

• Troponin is NEGATIVE. 



Unstable Angina Findings: 

The 12 Lead ECG may exhibit: 

• ________________ in leads that view the 
ischemic region  

– ST Depression 

– T Wave Inversion 

– Other “non-specific” ST-T changes 

• The ECG may be  _________________.  

• Troponin is ________. 

 





Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

“sub-endocardial MI” . . .  “partial wall thickness” 



NSTEMI Findings: 

The 12 Lead ECG may exhibit: 

• ST-T Wave changes in leads that view the 
ischemic region  

– ST Depression 

– T Wave Inversion 

– Other “non-specific” ST-T changes 

• The ECG may be COMPLETELY NORMAL.  

• Troponin is POSITIVE. 

 



NSTEMI Findings: 

The 12 Lead ECG may exhibit: 

• ________________ in leads that view the 
ischemic region  

– ST Depression 

– T Wave Inversion 

– Other “non-specific” ST-T changes 

• The ECG may be  _________________.  

• Troponin is ________. 

 









Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

“sub-endocardial MI” . . .  “partial wall thickness”  

This is a “Partial Wall Thickness” MI, heart 
cells are dying, and the Troponin becomes 
detectable in the patient’s bloodstream.    
Usually “less severe” than a STEMI, patient 
needs blood thinners and to get to the cath 
lab in 24-48 hours.   



STEMI 

• ST Segment Elevation Myocardial Infarction.  



STEMI  

ST Segment Elevation Myocardial Infarction. 

(“full-wall thickness,” Transmural event) 

This is a life-threatening emergency.  Part of 
the patient’s heart is dying.   Blood flow must 
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: 

• Unstable Angina (ischemia) 

• Non-ST Segment Elevation Myocardial 
Infarction  (NSTEMI)   (infarction) 

• ST 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  
• J Points 
• ST Segments & 
• T Waves  
……………………….. in each lead !  



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. 





. . .the “flat line” between ECG complexes, 
when there is no detectable electrical 

activity . . . 



The Isoelectric Line -  
it’s not always isoelectric ! 

 

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-Segment when “iso-electric line is   

not iso-
electric !” 



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:   



LET’S START HERE . . . . 

















ECG  COMPUTER  DOES  NOT  NOTICE  THE  CONVEX  J-T  APEX  SEGMENTS  !   





ECG Patterns associated with  
“EARLY PHASE MI:”   
 
• J-T  Apex abnormalities  
• Dynamic ST-T Wave 

Changes on Serial ECGs 



3. Dynmamic  ST-T Wave Changes in  

     Serial ECGs.     Recorded at SRRMC 

1st ECG                     2nd ECG              1st ECG                     2nd ECG              



   Acute  In-Stent 

  Thrombus 

  Proximal  LAD 





T waves should not be HYPERACUTE 

 



HYPERACUTE  T  Waves may indicate: 

• Early phase Acute MI 

• Transmural ischemia 
(usually seen in one 
region of the ECG) 

• Hyperkalemia (seen 
globally across ECG) 

• Hypertrophy 

 



HYPERACUTE 
T  WAVES 

ECG waveforms obtained just before (hyperacute) and just after 
(normal) the critical blockage was stented in this patient’s 
Proximal Left Anterior Descending (LAD) artery.   



Helpful Clue: Hyper-Acute T Waves 

• GLOBAL  Hyper-acute T Waves (in leads 
viewing multiple myocardial regions / arterial 
distributions)  favors HYPERKALEMIA 

 



 



Helpful Clue: Hyper-Acute T Waves 

• GLOBAL  Hyper-acute T Waves (in leads 
viewing multiple myocardial regions / arterial 
distributions)  favors HYPERKALEMIA 

 

• Hyper-acute T Wave noted in ONE ARTERIAL 
DISTRIBUTION ( Anterior / Lateral / Inferior ) 
favors TRANSMURAL ISCHEMIA / Early Phase 
Acute MI     









Cath  Lab  findings: 



Dynamic ST-T Wave Changes: 

• Other than HEART RATE related variations 

(which affect intervals),  J Points,  ST-
Segments and T Waves SHOULD NOT 
CHANGE. 



Dynamic ST-T Wave Changes: 

• Other than HEART RATE related variations 

(which affect intervals),  J Points,  ST-
Segments and T Waves SHOULD NOT 
CHANGE. 

• When changes to  J Points, ST-Segments 
and/or T waves are NOTED,  consider 
EVOLVING MYOCARDIAL ISCHEMIA and/or 
EARLY PHASE MI, until proven otherwise.   



46 year old male 

• Exertional dyspnea  X “several weeks” 

• Intermittent chest pressure  X  last 3 hours.  
Currently pain free.    



46 year old male:  ECG 1 

• Chest pressure has returned,  “5” on 1-10 
scale.   2nd ECG obtained due to “change in 
symptoms”:  



 



 



ST-Segment Depression 

7:59 am    8:08 am 



Cath Lab Angiography:  
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