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Wayne Ruppert  -  Bio: 

 Cardiovascular Coordinator 2012-present  (coordinated 
4 successful accreditations) 

 Interventional Cardiovascular / Electrophysiology 
Technologist, 1995-Present.   (Approx 13,000 patients) 

 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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Source of Curriculum:  

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



13,000 – 15,000  EP and Cath Lab cases between 1996 - Today 

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



Cardiac Cath Lab Advantage: 

Correlation 
of ECG leads 
with 
SPECIFIC 
cardiac 
anatomic 
structures. 
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EP Lab  Advantage: 

Correlation 
of ECG 
derived 
diagnosis 
with true 
intra-cardiac 

electrogram 
acquired 
diagnosis.  



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 

 



Amazon.com                              Barnes and Noble 

 

https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
https://www.barnesandnoble.com/w/12-lead-ecg-interpretation-in-acute-coronary-syndrome-with-case-studies-from-the-cardiac-catheterization-lab-wayne-w-ruppert/1101607543
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STEMI  Assistant 

Tutorial Video 

 

Free download – electronic copy (PDF file) 
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https://www.youtube.com/watch?v=aUlQh7lNSBs
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


Copyright 2010, 2015, 2018 

All cardiovascular subject-related images, graphics 
and diagrams in this PowerPoint 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,”  which are Copyright 
protected.  No content may be removed from this 
PowerPoint presentation, nor may this presentation 
or any component thereof be used without written 
consent from the author.   

Wayne.ruppert@bayfronthealth.com           
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https://www.amazon.com/STEMI-Assistant-Wayne-W-Ruppert/dp/0982917260
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COURSE  PRE-REQUISITE: 
You should already have Basic Single-Lead ECG 
Rhythm Strip Interpretation Skills. 
 

THIS COURSE IS NOT A BASIC ECG RHYTHMS 
COURSE.  If you are not already reasonably 
comfortable with interpreting and 
understanding basic ECG dysrhythmias (i.e.:  
heart blocks, A-Fib, V-Tach, etc.) we DO NOT 
recommend that you attend this workshop; 
instead we recommend our “Basic ECG 
Rhythms Workshop.”   
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The Lifesaving 12 Lead ECG Course: 

Is a condensed curriculum focused on acute 
conditions which are associated with a high 
degree of morbidity and mortality: 
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The Lifesaving 12 Lead ECG Course: 

Is a condensed curriculum focused on acute 
conditions which are associated with a high 
degree of morbidity and mortality: 
 

1. Acute Coronary Syndromes 

– STEMI  (pre-infarction, acute & evolving / old MI) 

– NSTEMI 

– Unstable Angina 

– Low Risk Chest Pain  

23 



The Lifesaving 12 Lead ECG Course: 

Is a condensed curriculum focused on acute conditions 
which are associated with a high degree of morbidity 
and mortality: 

2. Sudden Cardiac Death Syndromes 

– Long QT Syndrome (Congenital & Drug Induced) 

– Brugada Syndrome 

– Cardiomyopathy (Hypertrophic and other) 

– Arrhythmogenic Right Ventricular Dysplasia 

– Wolff-Parkinson-White Syndrome 

– Catecholinergic Polymorphic Ventricular Tachy. 

 

 

24 



SUGGESTION  for optimal learning……. 

To get the most from this class: 

• Do not try to write down or memorize every 
point.  
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SUGGESTION  for optimal learning……. 

To get the most from this class: 

• Do not try to write down or memorize every 
point.  

• DOWNLOAD this PowerPoint in its entirety – 
review and study it at you own pace.  
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SUGGESTION  for optimal learning……. 

To get the most from this class: 

• Do not try to write down or memorize every 
point.  

• DOWNLOAD this PowerPoint in its entirety – 
review and study it at you own pace.  

• For now …. Simply LISTEN to everything that is 
said.   If it “makes sense,” then you’re learning. 
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SUGGESTION  for optimal learning……. 

To get the most from this class: 

• Do not try to write down or memorize every 
point.  

• DOWNLOAD this PowerPoint in its entirety – 
review and study it at you own pace.  

• For now …. Simply LISTEN to everything that is 
said.   If it “makes sense,” then you’re learning. 

• In other words, “just go along for the ride.”    
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The Lifesaving 12 Lead ECG Course: 

Session 1 (morning session) Contents: 

• Introduction and The ECG in Perspective 

• Risk Stratification:  The HEART Score 

• Essential Cardiac A & P 

– Cellular  (depolarization / repolarization)  

– Structural  

• Heart Sounds and Valvular Function 
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The Lifesaving 12 Lead ECG Course: 

Session 1 Contents,  continued: 

• Bypass Tract Pathophysiology 

• ECG Principles 

• Coronary Artery Anatomy and Correlation 
with the 12 Lead ECG 

• Waveforms and Intervals 

• Bundle Branch Blocks 

• Axis Deviation and Rotation 
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The Lifesaving 12 Lead ECG Course: 

Session 2 (afternoon session) Contents: 

• Sudden Cardiac Death Syndromes 

– Long QT  

– Hypertrophic Cardiomyopathy  

– Arrythmogenic Right Ventricular Cardiomyopathy 

– Brugada Syndrome 

• Application of The HEART Score 

• Acute Coronary Syndromes 

With Cath Lab Case Studies 
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Helpful Web Resources: 

www.practicalclinicalskills.com 

www.skillstat.com/tools/ecg-simulator 

www.ECGtraining.org 
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Wang K et al. N Engl J Med 2003;349:2128-2135 

ST-Segment Elevation in Normal Circumstances and in Various Conditions 
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“From time to time, 
the EKG – derived  
diagnosis will be  

TOTALLY INCORRECT.”   
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More on  
HEART SCORE 

in our ACS Case Studies  
in Session 2 . . .   
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“Cardiac A & P  101” 

 

 

 

 

65 



“Cardiac A & P  101” 

• Heart Chambers 
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms  
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms 

• Depolarization and Repolarization 
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Ventricular Depolarization: 

• 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 !  
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QT Prolongation 

• Congenital malformation of ion channels 

• Medications or other substances alter Ion 
channel function 



 



 



 



Torsades de Pointes (TdP) 

• Common cause:  QTc > 600 ms 

• Patients typically have little to no cardiac 
output when in this rhythm 

• TdP may self-terminate or deteriorate into 
VENTRICULAR FIBRILLATION    

 



Torsades de Pointes (TdP) 

• Common cause:  QTc > 600 ms 

• Patients typically have little to no cardiac 
output when in this rhythm 

• TdP may self-terminate or deteriorate into 
VENTRICULAR FIBRILLATION    

 



Pacemaker Cells 

• When cardiac cells self-depolarize 
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms 

• Depolarization and Repolarization 

• Normal Pressures within Heart & Lungs 
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms 

• Action Potential 

• Normal Pressures within Heart & Lungs 

• Heart Valves 
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms 

• Depolarization and Repolarization 

• Normal Pressures within Heart & Lungs 

• Heart Valves 

• Heart Sounds Overview 
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A Common Cause of  
ACUTE MITRAL REGURGITATION is: 
 
“Patients who are 7-10  days POST-
EXTENSIVE  MI,” in cases where the 
“zone of infarction” is large (e.g. 
“inferior-posterior-lateral”) and 
there was a delay in PCI resulting in 
large zone of necrosis.    
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Symptoms of Acute Mitral 
Regurgitation 

• SHOCK 

• PROFOUND HYPOTENSION 

• PINK, FROTHY SPUTUM 

• PULMONARY EDEMA 

• SYSTOLIC (S1) MURMUR 

 

“SWOOSH – DUB……..….SWOOSH – 
DUB…………..SWOOSH – DUB…”  
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Chronic Valvular REGURGITATION 
(Leaky Valve) leads to elevated heart 
chamber pressures and DILITATION. 
 

Chronic Valvular STENOSIS (“Creaky” 
Valve) leads to Cardiac Muscle STRAIN 
and HYPERTROPHY. 
 
BOTH conditions, if untreated, 
eventually leads to HEART FAILURE.    
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Heart Sounds:    S3 

• S3  sounds  like:   “ kenTUCky  . . . 
kenTUCky” 

 

• Caused by:  increased atrial pressure.  

 

• S3  is  associated  with:   Heart Failure,  
Dilated Cardiomyopathy.    
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Heart Sounds:    S4 

• S4  sounds  like:    “TENnessee. . . 
TENnessee” 

 

• Caused by:  stiffened left ventricle. 

 

• S4  is  associated with:  Hypertension,  Aortic 
Stenosis,  Ischemic  or  Hypertrophic 
Cardiomyopathy.   
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Access 
University of Washington 
Department of Medicine 

--------- 
Heart Sound Simulator 
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https://depts.washington.edu/physdx/heart/demo.html
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“Cardiac A & P  101” 

• Heart Chambers 

• Heart Electrical System & ECG Waveforms 

• Depolarization and Repolarization 

• Normal Pressures within Heart & Lungs 

• Heart Valves 

• Heart Sounds Overview 

• Fibrous Skeleton of Heart 
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Fibrous Skeleton of the Heart… 

• Rarely taught ….. But it’s so important to 
understanding cardiac function and ECGs….. 

• It’s a disk-shaped structure separating the 
atrium from the ventricles.   

• Secures the heart valves. 

• Acts as an electrical insulator, blocks electrical 
current……… 

• An abnormal hole (BYPASS TRACT) allows 
current to “leak” between atrium and 
ventricles 
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W-P-W patients often experience 

Tachycardias:   

- Narrow QRS Tachycardia (SVT) 

- Wide QRS Tachycardia (mimics 

V-Tach. 

 

The same patient can present with 

narrow QRS SVT, and at another 

time, Wide QRS Tachycardia …….. 







Patient Profile:  Wolff-Parkinson-White: 
- Typically Pediatric  /  Young Adult 
- May not know they have it 
- May experience episodes of “palpitations”  
   or  “Very Fast Heartbeat.” 
 
W-P-W may CAUSE  A-fib with RVR.   
Patients may present with symptoms of 
“palpitations,”  “heart racing,”  “light-
headedness,” or “passing out” . . . . . . 
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OLD  BARN,  SHREWSBURY, PA   --   2001 



EMS 12 Lead ECG 

 



10 wires . . .  

• 4 limb leads 

• 6 chest (“V”) leads 



 



 



OBTAINING 
THE 

12 LEAD ECG  

And have it interpreted by a 

physician or mid-level provider 

…within 10 minutes !  
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Obtaining the 12 Lead ECG 

• Limb leads should be on the limbs.   
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Obtaining the 12 Lead ECG 

• Limb leads should be 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.     
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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.  
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Obtaining the 12 Lead ECG 
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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:  reduction of R wave amplitude 
(resulting in poor R wave progression) leading 
to misdiagnosis of previous anterior / septal 
infarction.   
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CORRECT Lead placement: 

 



Insert NORMAL ECG 

 



INCORRECT Lead placement: 

 



Insert ECG w/ OLD ANT MI 

 



 



 







 



Insert NORMAL ECG 

 

Evaluate this EKG for each of the “Normal” 
criteria seen on the NEXT  2  SLIDES . . . . . .  



The Normal 12 Lead EKG 
• NSR (rate 60-100, regular rhythm)   

• P Waves upright all leads except aVR 

• P Waves inverted lead aVR, possibly V1 

• QRS upright Leads I, II, III, aVL, aVF, V5, V6 

• QRS inverted Leads aVR, V1, V2 

• QRS biphasic: Leads V3, V4 

• P wave size:  up to 2mm tall, 2.5mm long 

• QRS height Limb Leads: 5-15mm tall 

• QRS height V Leads 10-15mm tall 

• QRS width: not to exceed 3mm  (120 ms) 

• Overall QRS Amplitude:  not greater than 30mm 

 



The Normal 12 Lead EKG 
• T waves – Upright all Leads except aVR 

• T wave – Inverted in Lead aVR  

• (everything is inverted in lead aVR) 

• T wave MAY be inverted (as a normal variant) in 
Leads III and aVL.    

• Overall QRS Amplitude:  not greater than 30mm 
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What part of the HEART 
does 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 . . . . .    
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ST Depression 
can indicate: 

• ISCHEMIA 

• “Partial-wall thickness” MI  (NSTEMI) 

• STEMI (in the opposite side of the heart) 

• Other things (like RBBB, certain medications, 
etc).   
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“INVALUABLE ASSET  for ALL MEDICAL PROFESSIONALS who  
provide direct care to STEMI patients !” 
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The 12 Lead ECG becomes your “crystal 
ball !!” 
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Which  Coronary  Artery  typically  Supplies  the  ANTERIOR  WALL ? 246 
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ST Depression in 
Leads V1 – V4: 

• Direct view of ISCHEMIA  (anterior wall) 



ST Depression in 
Leads V1 – V4: 

• Direct view of ISCHEMIA  (anterior wall) 

• Direct view of NSTEMI  (anterior wall)  



Non-STEMI  (NSTEMI) 

Non-ST Segment Elevation Myocardial Infarction. 

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



STEMI 

• ST Segment Elevation Myocardial Infarction.  



ST Depression in 
Leads V1 – V4: 

• Direct view of ISCHEMIA  (anterior wall) 

• Direct view of NSTEMI  (anterior wall)  

• Reciprocal view of  STEMI  (opposite side of 
heart - posterior wall)   



259 





261 



262 



Which  Coronary  Artery  typically  Supplies  the  LATERAL  WALL ? 263 



264 



266 



267 



268 



269 



ST  Segment   elevation   ONLY   in   
Leads  I  and  aVL   
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ST Elevation isolated to Leads I 
and aVL - usually  indicates  the   
“Culprit  Artery”  is  most  likely 
One  of  the  following: 
 

- RAMUS  BRANCH 
- 1st  DIAGONAL  off  of  LAD 
- 1st  OBTUSE MARGINAL  off 
    of  CIRCUMFLEX 
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When LEAD AVR shows ST 

Elevation: 

- STEMI:  consider occlusion 

of the Left Main Coronary 

Artery.   
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When LEAD AVR shows ST 

Elevation: 

- STEMI:  consider occlusion 

of the Left Main Coronary 

Artery.   



When LEAD AVR shows ST 

Elevation: 

- STEMI:  consider occlusion 

of the Left Main Coronary 

Artery.   

- NSTEMI  and  Unstable 

Angina consider LMCA 

Occlusion – or TRIPLE 

VESSEL DISEASE  



In patients without STEMI,  ST 
Elevation in AVR, when seen 

with global indications of 
ischemia (ST Depression in 8 

leads or more), is indicative of 
advanced multi-vessel  disease 

or significant Left Main 
Coronary Artery stenosis 







GLOBAL ISCHEMIA 

• ST Elevation Lead aVR 

• ST Depression in 8 or more other Leads 

• Indicates either SUB-TOTALLY OCCLUDED LEFT 
MAIN CORONARY ARTERY – or – TRIPLE 
VESSEL DISEASE.    

• MOST PATIENTS WITH THIS ECG 
PRESENTATION REQUIRE OPEN HEART 
SURGERY.   



Critical Triple Vessel Disease = 
STAT Coronary Artery Bypass 
Surgery 



293 



Which CORONARY ARTERY usually  supplies  the  INFERIOR  WALL ? 294 
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So  if  the  Right  Coronary  Artery  
Is  DOMINANT  in  75 – 80%  of  the  
POPULATION,  what  accounts  for  the 
Other  20 – 25% ?? 
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The  12  Lead  ECG  
Has TWO major BLIND SPOTS . . . . . 
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The POSTERIOR WALL 
 
& 
 
RIGHT  
VENTRICLE 

 



When do we need to see the Right 
Ventricle? 

• All Patient with INFERIOR WALL STEMI   (ST 
Elevation in Leads II, III, aVF ).   



312 

When you see an EKG 
with ST Elevation in 
Leads II, III and AVF 
(Inferior Wall STEMI) – 
you cannot tell if the 
blockage is in the 
PROXIMAL RCA – or the 
DISTAL RCA.   
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When do we need to see the 
Posterior Wall? 

• Any time a patient presents with symptoms of 
ACS and the 12 Lead ECG shows ST Depression 
in Leads V1, V2, V3 and/or V4.  
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Whenever your patient’s ECG exhibits 

ST DEPRESSION in any of the 

ANTERIOR LEADS  (V1-V4),  

CONSIDER the possibility of 

POSTERIOR WALL STEMI ! !  

 

. . . To DIGANOSE  

Posterior Wall  

STEMI, we should  

see LEADS  

V7 – V9 !! 
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The  18  Lead  ECG  a  

\ The  12  Lead  ECG 
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POSTERIOR WALL  MI 

usually accompanies  

INFERIOR and/or 

LATERAL WALL  MI  !!! 
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POSTERIOR WALL  MI 

usually accompanies  

INFERIOR and/or 

LATERAL WALL  MI  !!! 

. . . . On rare occasions, 

we see isolated cases of 

POSTERIOR WALL MI 
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“ROAD  TO  FOREVER,”    Rt  385,  Oklahoma panhandle,  1994  360 





362 



363 



P Wave Axis 

• P waves with abnormal axis (“not pointing in 
the right direction”) may signify ectopic atrial 
beats. 

• When P waves are inverted in most leads with 
an abnormally short P-R interval (<120ms) the 
origin of the rhythm may be the AV node 
(Junctional Rhythm).    



Inverted P waves & short P-R interval: 

 



Evaluate P Wave for Atrial  Hypertrophy 

• Evaluate amplitude and duration in Lead II 
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Evaluate P Wave for Atrial  Hypertrophy 

• Evaluate amplitude and duration in Lead II 

 



Evaluate P Wave for Atrial  Hypertrophy 

• Evaluate amplitude and duration in Lead II 

• If the P wave it “too tall (>2mm) or too long 
(>2.5mm)” in Lead II,  then go to Lead V1  to 
evaluate P wave . . . .  
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Evaluate P Wave for Atrial  Hypertrophy 

• Evaluate amplitude and duration in Lead II 

• If the P wave it “too tall (>2mm) or too long 
(>2.5mm)” in Lead II,  then go to lead V1  to 
evaluate P wave. 

• In Lead V1, if the first half (positive deflection) 
of the P wave is LARGER than the second half 
(negative deflection) it suggests RIGHT ATRIAL 
HYPERTROPHY (RAH). 
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Evaluate P Wave for Atrial  Hypertrophy 

• Evaluate amplitude and duration in Lead II 

• If the P wave it “too tall (>2mm) or too long 
(>2.5mm)” in Lead II,  then go to lead V1  to 
evaluate P wave. 

• In Lead V1, if the first half (positive deflection) 
of the P wave is LARGER than the second half 
(negative deflection) it suggests RAH.  If the 
second half (negative deflection) is larger, it 
suggests LEFT ATRIAL HYPERTROPY (LAH).  
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When the QRS is WIDE (> 3mm): 

• If you KNOW the Rhythm is originating 
ABOVE the Ventricles (such as NSR or any 
Supraventricular Rhythm) – you should 
determine if the QRS has a RIGHT or LEFT 
Bundle Branch Block morphology.   
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Normal Sinus and Other 
“Supraventricular Rhythms” with 

WIDE QRS ( > 120 ms ) 

• Determine LEFT vs. RIGHT Bundle 
Branch Block Pattern 
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Simple “Turn Signal Method” . . .  
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More on  
Determining  

Right – vs – Left 
Bundle Branch Block  

in Session 2.  

401 



418 



419 



420 



421 



422 



• Add  slide  “ QRS  amplitude  too high – 

• “THINK:     hypertrophy. 
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Hypertrophy “Cheats”: 

• WHEN  QRS  COMPLEX(ES)  “SPEAR”  
OUTSIDE OF THEIR SPACE. 

• WHEN QRS COMPLEXES  SPEAR  THROUGH 
OTHER LEADS !  . . . . . .   

424 



425 



426 



427 



428 



429 



430 



431 



432 





434 



435 



436 



437 



438 



439 



440 



453 



An  inverted  T  wave  in  TWO  OR  MORE   
CONTIGUOUS  LEADS  =  potential  problem 
( ischemia ) 
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MORE INFORMATION ON HYPERACUTE T WAVES COMING UP  SOON  . . .  
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ON THE NEXT PAGE IN YOUR BOOK ARE SOME EXAMPLES  
OF THE ABOVE CONDITIONS 458 
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