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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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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=stripbooks&field-keywords=STEMI+Assistant
http://www.ecgtraining.org/


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) 

23 

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@braverahealth.com           
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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
mailto:Wayne.ruppert@bayfronthealth.com


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  
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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: 

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. 
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Helpful Web Resources: 

www.practicalclinicalskills.com 

www.skillstat.com/tools/ecg-simulator 

www.ECGtraining.org 
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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/
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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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HEART Score 

• Used in cases where “you’re NOT SURE if this 
is CARDIAC  - or -  SOMETHING ELSE.”   

• NOT used for OBVIOUS Cardiac cases 

• Per Dr. Barbara Backus, HEART Score Inventor: 

– “if you calculate a HEART Score during STEMI, you 
are WASTING VALUABLE TIME !”  
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HEART Score 

CASE STUDY that’s PERFECT for the HEART 
Score: 
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63 year old male complains of upper abdominal 

and chest pressure described as “indigestion” 



H = HISTORY 

• 2 Points:  “Suspicious”  =  Typical ACS 
Symptoms 

• 1 Point:   “Moderately Suspicious” =  Atypical 
ACS Symptoms  

• 0 Points:   No Typical or Atypical Symptoms of 
ACS 



E = ECG 

• 2 Points:   ST Deviation (elevation or 
depression at the J point of 0.5mv or more) 

• 1 Point:    Non-specific ST-T wave 
abnormalities / Non  

• 0 Points:  Normal ECG  

 



A = Age 

• 2 Points:    Age 65 or more 

•  1 Point:    Age 46 – 64 

• 0 Points:    Age 45 or less    

 



R = Risk Factors for CAD 

• 2 Points:    3 or more risk factors 

•  1 Point:    1 or 2 risk factors 

• 0 Points:    No Risk Factors   

 





 

RISK FACTORS:  Family history of CAD,  

elevated cholesterol, hypertension  (3 Risk 

factors) 

 



T = Troponin 

• 2 Points:    3 X Normal  (> 0.056) 

•  1 Point:     >1   -   <3  (0.017 – 0.056) 

• 0 Points:    up to normal limit (< 0.017)  

 



H = chest pain     =  2 
 

E =  ECG normal  =  0 
 

A =  63   =  1 
 

R =  3 risk fctors  =  2 
 

T =  Trop. NL  =  0 

HEART Score: =  5 



NORMAL  
 ECG. 

But . . . . . 

His HEART Score = 5 
 
What could that possibly mean? 

PROBLEMS   WITH 
SENSITIVITY . . .  



http://www.heartscore.nl/ 

http://www.heartscore.nl/
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Based on HEART SCORE:  

• Patient hospitalized as “Observation” status 
patient.  

• Serial EKGs and Troponins were NEGATIVE. 

• PATIENT FAILED STRESS TEST the next 
morning.  

• Sent for a STAT Cardiac Cath……. 
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“A classic example 
of a  

FALSE NEGATIVE  
12 Lead ECG.” 
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Emergency 
Triple Vessel 

Coronary 
Artery  
Bypass 
Surgery 

Heart Score 5. 
 

Lethal 
Triple 
Vessel 

Disease = 
 
 



 

84 



 

86 



“HEART” – minus the “T” 
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HEAR Score (Prehospital version) 

• HEART – minus the “T”  (troponin) 

• HEAR Score validated in multiple studies.  

• LINK to Cambridge University Journal article 
on “HEAR Score” for Prehospital use. 

• SCORE  0 – 2  = “NEGATIVE” 

• SCORE  2 -  4  = “Should be evaluated” 

• SCORE  4+      =  “Suspicious for ACS”  
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https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-modified-heart-score-predictive-of-30day-adverse-cardiac-events/D834ACC88D7BDD6A44795D94A38BC3DA
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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 !  







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    

 



“Cardiac A & P  101” 

• Depolarization and Repolarization 

• Normal Pressures within Heart & Lungs 
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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.    

 

136 



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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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 ? 208 
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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)   
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Which  Coronary  Artery  typically  Supplies  the  LATERAL  WALL ? 225 
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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 
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Which CORONARY ARTERY usually  supplies  the  INFERIOR  WALL ? 249 
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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 ).   



266 

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 !! 
276 



277 



278 



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  287 
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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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“Terminal Phase of QRS Method”. . .  
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• 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 !  . . . . . .   
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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  . . .  
364 



ON THE NEXT PAGE IN YOUR BOOK ARE SOME EXAMPLES  
OF THE ABOVE CONDITIONS 365 
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CLICK HERE to download “A SHORT Course in LONG QT Syndrome,” a 

focused  excerpt from:  

http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/aSHORTcourseINlongQT.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/aSHORTcourseINlongQT.pdf


Brief, focused ECG excerpts 

from the presentation given by 

Wayne Ruppert at the “19th 

Congress,” American College of 

Cardiology Accreditation 

Services” national conference, 

on  

MAY 25, 2016   

Miami, FL ………. 



Prevalence 
SADS Foundation Stats: 

• Each year in the United States, 350,000 Americans die 
suddenly and unexpectedly due to cardiac arrhythmias. 
Almost 4,000 of them are young people under age 35. 
(CDC 2002) 

• In 30%–50% of sudden cardiac deaths, it is the first 
clinically identified expression of heart disease 

• 10-12% of Sudden Infant Death Syndrome (SIDS) cases 
are due to Long QT Syndrome. 

• LQTS is now known to be 3 times more common in 
the US than childhood leukemia. 

• 1 in 200,000 high school athletes in the US will die 
suddenly, most without any prior symptoms—JAMA 
1996; 276 
 

http://circ.ahajournals.org/content/109/24/2930.full
http://circ.ahajournals.org/content/109/24/2930.full
http://circ.ahajournals.org/content/109/24/2930.full
http://circ.ahajournals.org/content/109/24/2930.full


The SADS Conditions: 
• Hypertrophic Cardiomyopathy (HCM) 
• Long QT Syndrome (LQTS) 
• Short QT Syndrome (SQTS) 
• Brugada Syndrome (BrS) 
• Arrhythmogenic Right Ventricular Dysplasia 

(ARVD) 
• Catecholaminergic Polymorphic Ventricular 

Tachycardia (CPVT) 
• Wolff-Parkinson-White (WPW) Syndrome 
• Commotio Cordis  
• Less-common conditions (e.g. Marfans, Ehlers-

Danlos, Loeys-Dietz Syndromes) 
 

http://www.heart.org/HEARTORG/Conditions/More/Cardiomyopathy/Hypertrophic-Cardiomyopathy_UCM_444317_Article.jsp
http://www.sads.org/What-is-SADS/Long-QT-Syndrome
http://circep.ahajournals.org/content/3/4/401.full
http://circep.ahajournals.org/content/5/3/606.full
http://circ.ahajournals.org/content/107/4/e31.full
http://circ.ahajournals.org/content/107/4/e31.full
http://circ.ahajournals.org/content/107/4/e31.full
http://circ.ahajournals.org/content/91/5/1512.full
http://circ.ahajournals.org/content/91/5/1512.full
http://circ.ahajournals.org/content/91/5/1512.full
http://circ.ahajournals.org/content/91/5/1512.full
http://circ.ahajournals.org/content/122/15/e480.full
http://circ.ahajournals.org/content/122/15/e480.full
http://circ.ahajournals.org/content/122/15/e480.full
http://circ.ahajournals.org/content/122/15/e480.full
http://circ.ahajournals.org/content/122/15/e480.full
http://circep.ahajournals.org/content/5/2/425.full
http://circep.ahajournals.org/content/5/2/425.full
http://circep.ahajournals.org/content/5/2/425.full
https://www.marfan.org/about/marfan
http://www.ednf.org/learn-about-eds
http://www.ednf.org/learn-about-eds
http://www.ednf.org/learn-about-eds
https://cardiology.ucsf.edu/care/clinical/inhere/marfan/loeys-dietz.html
https://cardiology.ucsf.edu/care/clinical/inhere/marfan/loeys-dietz.html
https://cardiology.ucsf.edu/care/clinical/inhere/marfan/loeys-dietz.html


Estimated SADS Prevalence  
in US Population: 

• HCM:   1/500 J Am Coll Cardiol. 2014;64  

• BrS: 1/2,500 SADS Foundation 

• LQTS: 1/2,500 Lenhart,SE 2007 AHA Circ 

• ARVD: 1/10,000 SADS Foundation 

• CPVT: 1/10,000 US Nat’l Library of Medicine 

• WPW: 1/1,000  Circulation.2011; 124: 746-757 

 

 

 

 

http://content.onlinejacc.org/article.aspx?articleid=1886834
http://content.onlinejacc.org/article.aspx?articleid=1886834
http://content.onlinejacc.org/article.aspx?articleid=1886834
http://content.onlinejacc.org/article.aspx?articleid=1886834
http://content.onlinejacc.org/article.aspx?articleid=1886834
http://circ.ahajournals.org/content/116/20/2325.full.pdf+html
http://circ.ahajournals.org/content/116/20/2325.full.pdf+html
http://circ.ahajournals.org/content/116/20/2325.full.pdf+html
https://ghr.nlm.nih.gov/condition/catecholaminergic-polymorphic-ventricular-tachycardia
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full
http://circ.ahajournals.org/content/124/6/746.full


Prevalence 
 Sudden Deaths in Young Competitive Athletes 

 B Maron et al; AHA Circulation.2009; 119: 1085-1092 

Analysis, causes of 1866 Deaths in the US, 1980 –2006: 
 

• Cardiovascular:  56%  

• Traumatic:  22% 

• Commotio Cordis:  3% 

• Heat Stroke:  2% 

• Other:  17% 

 

http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html
http://circ.ahajournals.org/content/119/8/1085.full.pdf+html


Most ACS Cardiac Arrest 

Patients are over age 30. 

 

 

Meet the typical Cardiac Arrest 

patients affected by SADS . . . .  



 

High School Athlete Dies After Collapsing At Practice 
August 15, 2011 11:28 PM 

Share on email17 



By DAILY MAIL REPORTER  
UPDATED: 12:03 EST, 14 March 2011 

 

A teenage basketball player has become the third school boy sports 
man in less than a month to collapse and die while playing. 
Roma High School junior Robert Garza, 16, was playing in the AAU 
tournament on Saturday with the Hoopsters, a South Texas club team, 
when he collapsed without any warning. 
 
His death follows that of Wes Leonard, who died of cardiac arrest from 
an enlarged heart on March 3 and  
 
Matthew Hammerdorfer,17, 
 who collapsed after taking a tackle to the chest at a rugby match near 
Denver last week. 

 

Sudden: The death of Robert Garza is the third such school boy death in the last month. 
The other two both had heart conditions 
 
 

 

Teen basketball player collapses and dies on court - third school 
boy sportsman to do so in less than a month 

http://www.dailymail.co.uk/home/search.html?s=&authornamef=Daily+Mail+Reporter


Tragedy: The death comes only weeks after that of Wes 
Leonard (right top) and Matthew Hammerdorfer, who 
collapsed after taking a school rugby match near Denver 



Ray-Pec student collapses and dies during 
track practice 
Posted, 2015-03-05 
 Kansas City Star 

A senior at Raymore-Peculiar High School 
collapsed during track practice Wednesday and 
died at a hospital, according to school officials. 
… Click to Continue » 

http://www.kansascity.com/news/local/crime/article12578558.html
http://www.kansascity.com/news/local/crime/article12578558.html


Family and friends mourn popular Boonsboro High School athlete 
Michaela Grove 'was just a good kid that didn't follow the crowd, and people liked that' 

July 24, 2013|By DAVE McMILLION | davem@herald-mail.com 

Family members and friends of a popular Boonsboro High School athlete are mourning her death after she collapsed at a camp 

in Mercersburg, Pa., on Monday evening. 

Michaela Grove’s mother, Brenda Grove, said she believes her 16-year-old daughter was involved in a tug-of-war competition 

at Camp Tohiglo when she fell to the ground in cardiac arrest. 



Greg Moyer, 15 

Greg Moyer collapsed and died of sudden cardiac arrest while playing in a high school 
basketball game in East Stroudsburg, Pennsylvania. His school did not have a 
automated external defibrillator available and there were no nearby emergency 
medical services. 
Afterwards, a nurse at the hospital emergency room suggested to Greg’s parents that 
they start a fund to help locals schools get AEDs. The Moyers are now involved in AED 
projects statewide, and Greg’s mother, Rachel Moyer, has traveled as far as Hawaii to 
advocate for school AED legislation and donate AEDs 



“Princess George” died at age 3 of sudden cardiac arrest brought 

on by an undiagnosed heart condition.  At the suggestion of the 

doctor who saw “George” in the emergency room, her brother was 

subsequently tested for heart problems. He was diagnosed with a 

heart condition that is, fortunately, treatable. 

Jennifer Lynn Balma, their mother, notes that “George” never 

showed any symptoms of cardiac problems — until the day she 

suddenly stopped breathing. 

http://www.cardiacscience.com/blog/2011/01/princess-george-cecilia-kay-balma-010506-040709/


Olivia Corinne Hoff, 14  
Olivia died at age 14 from sudden cardiac 

arrest attributed to Long QT Syndrome. 
The condition was undiagnosed. Olivia, a 

high school freshman involved in sports 

and cheerleading, suffered cardiac arrest 

during the night. Her mother found her 

unresponsive and called 911. Olivia was 

subsequently hospitalized, but did not 

survive. 

Her mother, Corinne Ruiz, wrote: “Today, 6 

years later, I cry for my daughter every 

day. Not a day goes by that I don’t ask 

myself:   If only I had been told that there 

are screening tests or preventative 

treatments.” 

http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-takes-14yearold-olivia/
http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-takes-14yearold-olivia/


High school quarterback Reggie Garrett threw his second 
touchdown pass of the night, walked off the field, and collapsed 
from sudden cardiac arrest. He died in the ambulance on the way 
to the hospital in West Orange, Texas. 
In the news coverage following Garrett’s death, Dallas station 
WFAA.com urged cardiac screening for high school athletes. 

http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-death-renews-interest-in-cardiac-screenings/
http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-death-renews-interest-in-cardiac-screenings/


Zachary Shrah, 16 
High school football player Zachary Schrah collapsed and died of sudden cardiac 
arrest during football practice in Plano, Texas. His mother, Karen Schrah, has 
become an advocate for legislation mandating heart screenings as a part of 
student physicals. 
Zachary’s death had an impact on the community at large. Heart Hospital Baylor 
Plano now offers low-cost ECGs and echocardiograms for the area’s student 
athletes. 

http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-death-renews-interest-in-cardiac-screenings/
http://www.cardiacscience.com/blog/2010/09/sudden-cardiac-arrest-death-renews-interest-in-cardiac-screenings/
http://www.cardiacscience.com/cardiology-products/ecg-devices/


Eric Paredes, a two-sport high school athlete, had an enlarged heart. But 
no one knew about it until it was too late. His father, Hector Paredes, 
found Eric on the kitchen floor, unconscious and not breathing. He 
administered CPR, but was unable to revive him. Eric died of sudden 
cardiac arrest. 
 
In Eric’s memory, the family has organized electrocardiogram (EKG) 
screening for other students at Eric’s San Diego area high school. 

http://www.cardiacscience.com/blog/2010/08/cardiac-screening-for-school-sports/
http://www.cardiacscience.com/blog/2010/08/cardiac-screening-for-school-sports/
http://www.cardiacscience.com/cardiology-products/ecg-devices/


In 2005, Chicago conservationist and wildlife educator Max Schewitz died 
of sudden cardiac arrhythmia. Since then, the Max Schewitz Foundation, 
created by his parents, has provided free electrocardiograms (EKGs) for 
more than 10,000 Chicago-area students through a Screen for Teens 
program. 
According to media reports, the screenings have identified 142 teens who 
are considered at-risk for sudden cardiac death because of cardiac 
conditions. 

http://www.cardiacscience.com/blog/2010/05/ekg-testing-for-teens-students/
http://www.cardiacscience.com/blog/2010/05/ekg-testing-for-teens-students/
http://www.cardiacscience.com/cardiology-products/ecg-devices/


Nick Varrenti, 16 

Nick Varrenti played in two high school football games — varsity and junior 
varsity — on Labor Day weekend. A day later, he suffered sudden cardiac 
arrest and died. His family learned later that Nick had lived with an 
undiagnosed heart condition, hypertrophic cardiomyopathy. 
Nick’s parents created the Nick of Time Foundation, which is dedicated to 
education schools, athletes, and communities about sudden cardiac 
arrest, public access defibrillator (PAD) programs, and cardiac screenings. 

http://www.cardiacscience.com/blog/2010/06/cpr-and-aed-awareness-week-youth-sports/
http://www.cardiacscience.com/blog/2010/06/cpr-and-aed-awareness-week-youth-sports/
http://www.cardiacscience.com/cardiology-solutions/aed-in-the-community.htm


The hereditary cardiac disease Long QT Syndrome ran in 

Jackie Renfrow’s family, but she had no idea about it until 

two of her children died from sudden cardiac arrest. 

Jimmy Brackett, 22, and Crissy Brackett, 21 

http://www.cardiacscience.com/blog/2010/02/long-qt-syndrome/


Brandon athlete dies after collapsing at practice 

TAMPA — A Brandon High School senior Milo Meeks died 
Saturday, one day after conditioning with the basketball team 
during a pre-season workout. “This is mind blowing,” said Ben Bromley, the junior varsity and 
assistant varsity basketball coach at Armwood. 



Jeremy Twining,  
age 21  
Dade City, Florida 
February 1, 2015 





This slide added April 27, 2016: 
 
Yesterday, a good friend of my step-daughter 
collapsed during a tennis game in the 
Carrollwood community of Tampa, Florida.  She 
was 16 years old.   
 
A physician bystander started CPR, but since no 
AED was available, she did not survive.     
 
Sudden death was the first indication that she 
suffered from a cardiac condition.   At the current 
time, her specific diagnosis is unknown.    
 
Entry 5/2/2016:  I was advised that the cause of 
cardiac arrest was Hypertrophic Cardiomyopathy.     
 
 

 . . . . And on a more personal note: 



 

 “Healthcare organizations have an 
obligation to implement 
programs, practices, protocols, 
policies and procedures designed 
to eliminate the needless 
mortality of SADS in our 
communities.” 
 



  

“Healthcare professionals who 
evaluate young patients have an 
obligation to be aware of risk 
factors, signs and symptoms of 
patients with potential SADS 
conditions.  Those who read ECGs 
should be aware of the subtle ECG 
identifiers of SADS conditions.” 
 







QT CORRECTION FORMULAS: 

  

    Bazett’s        QTc=QT/ RR 

    Fredericia  QTc=QT/(RR)1/3 

    Framingham      QTc=QT+0.154(1-RR) 

    Rautaharju   QTp=656/(1+HR/100) 
 

 

Determining the  QTc  
Manual calculation:   









Determining the  QT / QTc  
 Method 1 – 12 Lead ECG Report:   



Determining the  QTc  
Method 4,  Use a Smartphone App:   

• iPhone 

– https://itunes.apple.com/us/app/corrected-qt-
interval-qtc/id1146177765?mt=8 

• Android 

– https://play.google.com/store/apps/details?id=co
m.medsam.qtccalculator&hl=en 

https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en
https://play.google.com/store/apps/details?id=com.medsam.qtccalculator&hl=en


“There’s 
an APP 

for 
that!” 



Determining the  QTc  
Method 3,  Use a Web-based App:   



SOURCE:  “ACC/AHA/HRS Recommendations for Standardization and Interpretation of the ECG,  
Part IV:   The ST Segment, T and U Waves, and the QT Interval”  Rautaharju et al 2009  

http://circ.ahajournals.org/content/119/10/e241
http://circ.ahajournals.org/content/119/10/e241


Torsades de Pointes (TdP) – HEMODYNAMICS:   
• Decreased – to – NO Cardiac Output 
• Often patient PULSELESS during episode 
• Patients often report SYNCOPE when TdP self-terminates. 
• May DETERIORATE into VENTRICULAR  
   FIBRILLATION and CARDIAC ARREST.   (“Sudden Death”) 

Dysrhythmia Associated with Mortality, 
Triggered by LQTS:  Torsades de Pointes 



ECG Characteristics of TdP:  The QRS 
Pattern of  Torsades de Pointes  
resembles . . . . .  

 a piece of Twisted Ribbon ! 



WHEN THE “QUICK PEEK” METHOD for QT INTERAL EVALUATION IS 

APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT? 

Chief Complaint:  “Grand-Mal Seizures” 

…. With NO postictal phase!   







GENETICALLY ACQUIRED LONG QT SYNDROMES: 
ECG PATTERNS  of  3 MOST  COMMON  VARIATIONS:   



 

  Etiology of Long QT Syndromes: 

Congenital (14 known subtypes) 

Genetic mutation results in abnormalities of cellular ion channels 

Acquired 

Drug Induced 

Metabolic/electrolyte induced 

Very low energy diets / anorexia 

CNS & Autonomic nervous system disorders 

Miscellaneous 

Coronary Artery Disease 

Mitral Valve Prolapse 
 

 







QT Prolongation --  STAT Intervention: 
 

F   Avoidance of Meds that are known to prolong the QT   
Interval.  Click here for current list from     
CREDIBLEMEDS.ORG     
 

Commonly used QT prolonging meds include:  

-Amiodarone  -Ritalin 

-Procainamide -Pseudophedrine 

-Levaquin  -Haloperidol 

-Erythromycin  -Thorazine  

-Norpace  -Propulcid  

-Tequin     -Zofran 

-Benadryl   -Ilbutilide             and MANY more! 
 
    

 

https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf
https://www.crediblemeds.org/pdftemp/pdf/CompositeList.pdf


PATIENT 1:   NORMAL 
 
PATIENT 2:   Genetic susceptibility; sensitivity to QT prolonging drugs: 

Click here for link to paper by Kannankeril et al (2010 
Pharmacological Reviews) that describes genetic susceptibility 
described above.   

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2993258/pdf/zpg760.pdf


 

Click here to download QTc Interval Monitoring Policy 

http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcProlongMedsECGmonPolAndProc.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcProlongMedsECGmonPolAndProc.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcProlongMedsECGmonPolAndProc.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcProlongMedsECGmonPolAndProc.pdf


Click for link to:  “Predicting the Unpredictable; 
Drug-Induced QT Prolongation and Torsades de 
Pointes: J Am Coll Cardiol. 2016;67(13):1639-
1650 

 

Click for link to “AHA ACC Scientific Statement: 
Prevention of Torsades de Pointes in the Hospital 
Setting,” AHA Circulation 2010;  

 

Click for link to hospital model policy & procedure 
for: “QT Prolonging Medications; QT interval 
monitoring”  

 

   

 

 

 

 

http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://content.onlinejacc.org/article.aspx?articleID=2506371
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcMedsMonitoringPolicyProcedure.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcMedsMonitoringPolicyProcedure.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/QTcMedsMonitoringPolicyProcedure.pdf


U Waves 

Occasionally 
an extra wave 
is noted after 
each T wave.   

It typically 
resembles   

“a secondary  
T wave.”    

When present on the ECG, this “extra” waveform is 
referred to as a  “ U Wave.”    



U Waves . . .  

• Common U wave Etiology: 

– Hypomagnesemia* 

– Hypokalemia* 

– Hypercalcemia*  

– QT prolonging medications* 

– Increased intracranial pressure* 

– Hypothermia* 

– Digitalis  (usually shortens the QT Interval)  

 

* These are also causes of QT interval prolongation.   

 

 



Abnormal U Waves 

INCLUDE the U Wave in the QT Interval 
measurement  when any one or more criteria are 
present:  
 

• U wave 100% (or more) the size of the T wave. 

• U wave is INVERTED (opposite polarity of T 
wave) 

• U wave merged with the T wave 

EVIDENCE  SOURCE:  
ACC/AHA/HRS Recommendations for the Standardization and Interpretation of the 
Electrocardiogram Part IV: The ST Segment, T and U Waves, and the QT Interval. 



 



 



Medication induced LQTS  with TdP and Cardiac Arrest - Case Study:  56 year old male 



Medication induced LQTS  with TdP and Cardiac Arrest - Case Study:  56 year old male 

Run of Torsades de Pointes occurred during Cardiac Catheterization . . .  



Medication induced LQTS  with TdP and Cardiac Arrest - Case Study:  56 year old male 

Torsades de Pointes self-terminates just before aborted Defibrillation 



Medication induced LQTS  with TdP and Cardiac Arrest - Case Study:  56 year old male 











ECG Indicators: 
Hypertrophic Cardiomyopathy 

• ECG may be normal  

• Deep, narrow (dagger-like) Q waves 

 



ECG Indicators: 
Hypertrophic Cardiomyopathy 



ECG Indicators: 
Hypertrophic Cardiomyopathy 

• ECG may be normal  

• Deep, narrow (dagger-like) Q waves 

• Inverted T waves in multiple regions   

• Left Ventricular and possibly Left Atrial 
Hypertrophy  

 

http://sitebuilder.myregisteredsite.com/sitebuilder/f_edit_page.html
http://sitebuilder.myregisteredsite.com/sitebuilder/f_edit_page.html


Hypertrophic Cardiomyopathy (HCM) 

12 Lead ECG Traits: 
• QRS Height --  exceeds normal size,  “spearing through QRS”  in other leads 
• Inverted T waves appear in multiple regions (ANTERIOR, LATERAL ) 
• BiPHASIC T waves in Inferior Leads.  
• T WAVES  are SYMMETRICAL . 



ECG Indicators: 
Brugada Syndrome 







 





Trigger for Torsades de Pointes – ECTOPIC BEAT during 
The “ELECTRICAL GRADIENT” phase shown above.   



Torsades de Pointes:   
• Decreased – to – NO Cardiac Output 
• Often patient PULSELESS during episode 
• Causes SYNCOPE 
• Often DETERIORATES into VENTRICULAR  
   FIBRILLATION and CARDIAC ARREST.   

Brugada / Long QT Syndromes cause:   



TREATMENT  OF  TORSADES de POINTES 

per  AHA  ACLS  2015: 
 

-TRANSIENT:  MAGNESIUM SULFATE   1 – 2  

   gm  IV  infusion  over  5 – 60 minutes. 

  

-PERSISTENT,  PATIENT UNSTABLE:   

  DEFIBRILLATION 
 

-CARDIAC ARREST:  FOLLOW  Ventricular 

  Fibrillation Algorithm.  Consider Mag Sulfate   

  as your Antiarrhythmic of choice.       

 





ECG abnormality diagnostic or suspected of Brugada syndrome.  

Yuka Mizusawa, and Arthur A.M. Wilde Circ Arrhythm 

Electrophysiol. 2012;5:606-616 

Copyright © American Heart Association, Inc. All rights reserved. 

























Arrhythmogenic  Right  Ventricular  Dysplasia 
 

• A genetically acquired myocardial disease associated with        
  paroxysmal ventricular arrhythmias and sudden cardiac death. 
 

• Characterized pathologically by fibro-fatty replacement of the   
   right ventricular myocardium. 
 

• The second most common cause of sudden cardiac death in    
   young people (after HOCM), causing up to 20% of sudden cardiac  
   deaths in patients < 35 yrs of age. 
 

• Typically inherited as an autosomal dominant trait, with variable   
   penetrance and expression (there is an autosomal recessive form               
   calledNaxos Disease, which is associated with woolly hair and      
   skin changes). 
 

• More common in men than women (3:1) and in people of Italian or  
  Greek descent. 
 
• Estimated to affect approximately 1 in 5,000 people overall. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1502077


Arrhythmogenic Right Ventricular (RV) Cardiomyopathy 
and/or Dysplasia:  

 
In 1 autopsy study examining a series of 200 cases of sudden 
death associated with arrhythmogenic RV cardiomyopathy and/or 
dysplasia, death occurred in 9.5% of cases during the 
perioperative period.   This emphasizes the importance of close 
perioperative 
evaluation and monitoring of these patients for 
ventricular arrhythmia. Most of these patients require 
cardiac electrophysiologist involvement and consideration for an 
implantable cardioverter-defibrillator (ICD) for long-term 
management. 

From: 2014 ACC/AHA Guideline on Perioperative Cardiovascular Evaluation and 

Management of Patients Undergoing Noncardiac Surgery: A Report of the American 

College of Cardiology/American Heart Association Task Force on Practice 

Guidelines 



ARVD – 12 Lead ECG Indicators  



ARVD  ECG 1 

1. “Incomplete RBBB” Pattern     4.  Epsilon’s waves   
2.  V1, V2  Rs  pattern     
3.  Inverted T waves, symmetrical,   - Global 



ARVD  ECG 2 

1. “Incomplete RBBB” Pattern     4.  Epsilon’s waves   
2.  V1, V2  Rs  pattern     
3.  Inverted T waves, symmetrical,   - Global 

http://www.wikidoc.org/index.php/File:Arrhythmogenic_right_ventricular_dysplasia.jpg




Would you spot the Epsilon’s Waves? 



BHSR Patient – Epsilon’s Waves 





ARVD INDUCED VT 



Evidence Based Reference Sources 

• 2016 ACC Interassociation Consensus Statement 
on Cardiovascular Care of College Student-Athletes 

• 2014 AHA/ACC Scientific Statement:  Assessment of the 
12-Lead ECG as a Screening Test for Detection of Cardiovascular Disease 
in Healthy General Populations of Young People (12–25 Years of Age) 

• AHA/ACCF/HRS Recommendations for the Standardization and 
Interpretation of the Electrocardiogram:   Part IV: The ST Segment, T 
and U Waves, and the QT Interval :    Circulation 2009  119: e241-e250 

• AHA Circulation: Inherited Arrhythmias; Basic Science for Clinicians 

• AHA ACC Scientific Statement Prevention of Torsade de Pointes in 
Hospital Settings 

• AHA ACC QTc Behavior During Exercise and Genetic Testing for the 
Long-QT Syndrome 

• Pharmacology Review: Drug Induced Long QT Syndromes 

http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
http://content.onlinejacc.org/article.aspx?w_nav=ACCUpdate&w_pub=ACCUpdate160422&WT.mc_ev=EmailOpen&articleID=2513587
https://circ.ahajournals.org/content/early/2014/09/15/CIR.0000000000000025
https://circ.ahajournals.org/content/early/2014/09/15/CIR.0000000000000025
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/119/10/e241.full
http://circ.ahajournals.org/content/116/20/2325.full
http://circ.ahajournals.org/content/121/8/1047.full.pdf+html?sid=757cfc26-02b7-48a2-8f26-5cfea715b0db
http://circ.ahajournals.org/content/121/8/1047.full.pdf+html?sid=757cfc26-02b7-48a2-8f26-5cfea715b0db
http://circ.ahajournals.org/content/121/8/1047.full.pdf+html?sid=757cfc26-02b7-48a2-8f26-5cfea715b0db
http://circ.ahajournals.org/content/121/8/1047.full.pdf+html?sid=757cfc26-02b7-48a2-8f26-5cfea715b0db
http://circ.ahajournals.org/content/121/8/1047.full.pdf+html?sid=757cfc26-02b7-48a2-8f26-5cfea715b0db
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://circ.ahajournals.org/content/124/20/2181.full
http://docplayer.net/14418452-Associate-editor-david-sibley.html


Evidence Based Reference Sources, cont’ 

• HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis and 
Management of Patients with Inherited Primary Arrhythmia 
Syndromes 

• Genetic Determinants of Sudden Cardiac Death: AHA 
Circulation.2008; 118: 1854-1863 

• AHA/ACCF/HRS Recommendations for the Standardization and 
Interpretation of the Electrocardiogram:  Part III: Intraventricular 
Conduction Disturbances 

• AHA/ACCF/HRS Recommendations for the Standardization and 
Interpretation of the Electrocardiogram : Part V: 
Electrocardiogram Changes Associated With Cardiac Chamber 
Hypertrophy 

• Arrhythmogenic Disorders of Genetic Origin; Brugada Syndrome: 
Circulation: Arrhythmia and Electrophysiology.2012; 5: 606-616 

 

 

http://www.hrsonline.org/content/download/14025/629471/file/Expert-Consensus-Statement-on-the-Diagnosis-and-Ma.
http://www.hrsonline.org/content/download/14025/629471/file/Expert-Consensus-Statement-on-the-Diagnosis-and-Ma.
http://www.hrsonline.org/content/download/14025/629471/file/Expert-Consensus-Statement-on-the-Diagnosis-and-Ma.
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html
http://circ.ahajournals.org/content/119/10/e235.full
http://circ.ahajournals.org/content/119/10/e235.full
http://circ.ahajournals.org/content/119/10/e235.full
http://circ.ahajournals.org/content/119/10/e235.full
http://circ.ahajournals.org/content/119/10/e235.full
http://www.sciencedirect.com/science/article/pii/S0735109708041375
http://www.sciencedirect.com/science/article/pii/S0735109708041375
http://www.sciencedirect.com/science/article/pii/S0735109708041375
http://www.sciencedirect.com/science/article/pii/S0735109708041375
http://www.sciencedirect.com/science/article/pii/S0735109708041375
http://www.sciencedirect.com/science/article/pii/S0735109708041375
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
Circulation: Arrhythmia and Electrophysiology.
http://circ.ahajournals.org/content/118/18/1854.full.pdf+html


Other Reference Sources:   
 

www.SADS.org 
 

www.JACC.org 
 
http://circ.ahajournals.org/ 
 
 

http://www.sads.org/
http://www.jacc.org/
http://circ.ahajournals.org/




 



OBTAINING 
THE 

12 LEAD ECG  

And have it interpreted by a 

physician or mid-level provider 

…within 10 minutes !  



Evaluating the ECG for ACS: 
 

A TWO-STEP process: 



Evaluating the ECG for ACS: 
 

A TWO-STEP process: 

STEP 1:  Evaluate QRS Width 
 
 
 
 



Evaluating the ECG for ACS: 
 

A TWO-STEP process: 

STEP 1:  Evaluate QRS Width 
 

STEP 2:  Evaluate  J Points, ST- 
    Segment and T waves 
          in EVERY Lead 



STEP 1 – evaluate QRS width: 

• QRS is ABNORMALLY WIDE (>120 ms),  

– indicates DEPOLARIZATION ABNORMALITY 
(e.g. “bundle branch block, Wolff-
Parkinson-White Syndrome, etc).  



STEP 1 – evaluate QRS width: 

• QRS is ABNORMALLY WIDE (>120 ms),  

– indicates DEPOLARIZATION ABNORMALITY 
(e.g. “bundle branch block, Wolff-
Parkinson-White Syndrome, etc).  

– DEPOLARIZATION ABNORMALITIES in turn 
cause REPOLARIZATION ABNORMALITIES, 
which alters the:     J Points,  ST-Segments 
and/or  T Waves. 



 



Evaluating the ECG for ACS: 

 



Wide QRS present: 
(QRSd > 120ms) 

• When  RIGHT Bundle Branch Block 
pattern is present:   

– Precordial Leads typically demonstrate  ST 
Depression and T wave Inversion  





Wide QRS present: 
(QRSd > 120ms) 

• When  RIGHT Bundle Branch Block 
pattern is present:   

– Precordial Leads typically demonstrate  ST 
Depression and T wave Inversion  

– DOES NOT MASK STEMI;  when ST 
Elevation is noted, CONSIDER STEMI ! ! 









Wide QRS present: 
(QRSd > 120ms) 

• When  LBBB QRS pattern is present: 



• When  LBBB QRS pattern is present:  

– ST-Segment Elevation is typically noted in 
Precordial Leads 

Wide QRS present: 
(QRSd > 120ms) 



• When  LBBB QRS pattern is present:   

– ST-Segment Elevation is typically noted in 
Precordial Leads 

– Can cause up to 5mm of J Point Elevation in 
normally calibrated ECG (1mm=10mv)  

Wide QRS present: 
(QRSd > 120ms) 



• When  LBBB QRS pattern is present:   

– ST-Segment Elevation is typically noted in 
Precordial Leads 

– Can cause up to 5mm of J Point Elevation in 
normally calibrated ECG (1mm=10mv)  

– Does NOT typically cause ST elevation in 
INFERIOR Leads (II, III and AVF).  

Wide QRS present: 
(QRSd > 120ms) 



• ST Elevation of 0.1mv (1mm) or more in leads 
with Positive Deflection QRS complexes 

 

2013 ACC/AHA  Guideline for Management of STEMI 

Diagnosis of STEMI with LBBB pattern:   

http://circ.ahajournals.org/content/127/4/e362


• ST Elevation of 0.1mv (1mm) or more in leads 
with Positive Deflection QRS complexes 

• ST Elevation of 0.5mv (5mm) or more in leads 
with Negative Deflection QRS complexes 

 

2013 ACC/AHA  Guideline for Management of STEMI 

Diagnosis of STEMI with LBBB pattern:   

http://circ.ahajournals.org/content/127/4/e362


Diagnosis of STEMI with LBBB pattern:   

• ST Elevation of 0.1mv (1mm) or more in leads 
with Positive Deflection QRS complexes 

• ST Elevation of 0.5mv (5mm) or more in leads 
with Negative Deflection QRS complexes 

• ST Segment Changes as compared with those 
of older ECGs with LBBB 

 

2013 ACC/AHA  Guideline for Management of STEMI 

http://circ.ahajournals.org/content/127/4/e362


Diagnosis of STEMI with LBBB pattern:   

• ST Elevation of 0.1mv (1mm) or more in leads 
with Positive Deflection QRS complexes 

• ST Elevation of 0.5mv (5mm) or more in leads 
with Negative Deflection QRS complexes 

• ST Segment Changes as compared with those 
of older ECGs with LBBB 

• Convex ST Segment 

 

2013 ACC/AHA  Guideline for Management of STEMI 

http://circ.ahajournals.org/content/127/4/e362






“Electrocardiographic Diagnosis of Evolving Acute 
Myocardial Infarction in the Presence of Left 
Bundle-Branch Block”  Birnbaum et al, N Engl J Med 
1996; 334:481-487 

http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801
http://www.nejm.org/doi/full/10.1056/nejm199602223340801


Be advised that in patients with 
 

Left Bundle Branch Block 
Combined with 

Ventricular Hypertrophy, 
 
The J Point elevation can exceed 0.5 mv  
(5mm) above the iso-electric line in patients 
without ACS.    
 









Evaluating the ECG for ACS: 

 



  Patients with Normal Width QRS  

(QRSd < 120ms)   

Evaluating the ECG for ACS: 



Defining NORMAL – QRS <120ms:  

 



When  QRS  duration  is  NORMAL  ( < 120 ms ): 



 







Multiple patterns of  
ABNORMAL: 
- J Point 
- ST-Segment 
- T Wave 
configurations may indicate  
ACS.   
 
Remember,  “IF IT’S NOT  

NORMAL,  it’s 

ABNORMAL !” 

BOOK PAGE:  83 





ECG Patterns associated with  
“EARLY PHASE MI:”   
 
• J-T  Apex abnormalities  
• Hyper-Acute T Waves 
• ST-T Wave Changes 







WHEN EVALUATING   
for   
ST  SEGMENT  
 ELEVATION . . . . . . . . . . . . .    

From:   
AMERICAN HEART ASSOCIATION   
ACLS  2005  REVISIONS 









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









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 

BOOK PAGE:  88 



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:  

 



 



 





Classic “Wellen’s Syndrome:” 

• Characteristic T wave changes 
– Biphasic T waves 

– Inverted T waves 

• History of anginal chest pain 

• Normal or minimally elevated cardiac 
markers 

• ECG without Q waves, without significant 
ST-segment elevation, and with normal 
precordial R-wave progression 

 



Wellen’s Syndrome ETIOLOGY: 

• Critical Lesion, Proximal LAD 

• Coronary Artery Vasospasm  

• Cocaine use (vasospasm) 

• Increased myocardial oxygen demand 

• Generalized Hypoxia / anemia / low 
H&H 

 

 

 

 



Wellen’s Syndrome EPIDEMIOLOGY & 
PROGNOSIS: 

• Present in 14-18% of patients admitted with 
unstable angina 

• 75% patients not treated developed 
extensive Anterior MI within 3 weeks.   

• Median Average time from presentation to 
Acute Myocardial Infarction – 8 days 
 

Sources:  H Wellens et. Al,  Am Heart J 1982; 
v103(4) 730-736 

 
 

http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract
http://www.ahjonline.com/article/0002-8703(82)90480-X/abstract


Wellen’s Syndrome Case Study 

• 33 y/o male 

• Chief complaint “sharp, pleuritic quality chest 
pain, intermittent, recent history lower 
respiratory infection with productive cough.”  

• ED physician attributed the ST elevation in 
precordial leads to “early repolarization,” due 
to patient age, gender, race (African American) 
and concave nature of ST-segments.  



Wellen’s Syndrome Case Study 



Wellen’s Syndrome Case Study 



DYNAMIC ST-T Wave Changes  
ARE PRESENT !! 

 

NOW 
is the time for the  

STAT CALL  
to the 

CARDIOLOGIST !!!!  



Wellen’s Syndrome Case Study 



Wellen’s Syndrome Case Study 



Wellen’s Syndrome Case Study 



Wellen’s Syndrome Case Study 



Additional Resources: 

• Wellen’s Syndrome, NEJM case study 

http://www.nejm.org/doi/full/10.1056/NEJMicm1400946




ECG CRITERIA for DIAGNOSIS of STEMI:   

(ST ELEVATION @ J POINT) 
 

*LEADS V2 and V3:   

MALES AGE 40 and up ------ 2.0 mm 

(MALES LESS THAN 40 ------- 2.5 mm) 

FEMALES  ----------------------- 1.5 mm 
 

ALL OTHER LEADS: 1.0 mm or more,  

    in TWO or more  

    CONTIGUOUS LEADS  
 

     * P. Rautaharju et al, “Standardization and Interpretation  

         of the ECG,”   JACC 2009;(53)No.11:982-991 

 



STEMI Criteria for 18 Lead ECGs: 

Right-Sided Chest Leads 

(V3R – V6R):   0.5  mm 

 

Posterior Chest Leads  

(V7 – V9):   0.5  mm 

 * P. Rautaharju et al, “Standardization and Interpretation  

         of the ECG,”   JACC 2009;(53)No.11:982-991 



Abnormal ST Elevation Criteria:   ACC/AHA 2009 “Standardization 
and Interpretation of the ECG, Part VI 
 Acute Ischemia and Infarction,”  Galen Wagner, et al  



ST  SEGMENT  ELEVATION: 

3  COMMON  PATTERNS  of 
ST  SEGMENT  ELEVATION 
From   ACUTE  MI: 





Reciprocal S-T Segment Depression may or 
may not be present during STEMI.    
 
 



Reciprocal S-T Segment Depression may or 
may not be present during STEMI.    
 
The presence of S-T Depression on an EKG 
which exhibits significant S-T elevation is a 
fairly reliable indicator that STEMI is the 
diagnosis.   
 



Reciprocal S-T Segment Depression may or 
may not be present during STEMI.    
 
The presence of S-T Depression on an EKG 
which exhibits significant S-T elevation is a 
fairly reliable indicator that STEMI is the 
diagnosis.   
 
However the lack of Reciprocal S-T 
Depression DOES NOT rule out STEMI.   







“NOWHERE”, NEW MEXICO,  1994 



STEMI 
• Correlation of ECG Leads with Coronary 

Arterial Anatomy and the STRUCTURES 
SERVED by the OCCLUDED ARTERY . . . .  



STEMI 
• Correlation of ECG Leads with Coronary 

Arterial Anatomy and the STRUCTURES 
SERVED by the OCCLUDED ARTERY . . . .  

    . . . . . Will serve as a “crystal ball,” allowing 
you to ANTICIPATE complications of STEMI . . . .  



STEMI 
• Correlation of ECG Leads with Coronary 

Arterial Anatomy and the STRUCTURES 
SERVED by the OCCLUDED ARTERY . . . .  

    . . . . . Will serve as a “crystal ball,” allowing 
you to ANTICIPATE complications of STEMI . . . . 
. . . . . . BEFORE they occur !!  



“an  INVALUABLE   ASSET  for ALL MEDICAL 

PROFESSIONALS who  

provide direct care to STEMI patients !” 





STEMI  Case Studies, 
excerpts from “12 Lead 
ECG Interpretation in ACS 
with Case Studies from 
the Cardiac Cath Lab.”   

http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html
http://www.ecgtraining.org/id1.html








Note:  There is NO Reciprocal ST 
Depression on this  STEMI  ECG !    
 















ANTICIPATED COMPLICATIONS of ANTERIOR-SEPTAL WALL STEMI 
&  POSSIBLE INDICATED INTERVENTIONS: 

- CARDIAC ARREST BCLS / ACLS 

- CARDIAC DYSRHYTHMIAS  (VT / VF)  ACLS   (antiarrhythmics) 

- PUMP FAILURE with  
  CARDIOGENIC SHOCK 

INOTROPE   THERAPY: 
-DOPAMINE / DOBUTAMINE / 

LEVOPHED  
- INTRA-AORTIC BALLOON PUMP 
(use caution with fluid challenges 

due to PULMONARY EDEMA) 

- PULMONARY EDEMA 
  

- CPAP 
- ET INTUBATION  
(use caution with dieuretics due to 

pump failure and hypotension)   

- 3rd DEGREE HEART BLOCK - NOT  
  RESPONSIVE TO ATROPINE 

TRANSCUTANEOUS or  

TRANSVENOUS PACING  















CASE PROGRESSION: As the patient was being prepared for transport to 

the Cardiac Cath Lab, she experienced an episode of Ventricular Fibrillation.  

















- Reciprocal ST Depression is 
NOW PRESENT 

- Additional ST Elevation is 
present in Leads I, AVL 







 

 





ANTICIPATED COMPLICATIONS of ANTERIOR-SEPTAL WALL STEMI 
&  POSSIBLE INDICATED INTERVENTIONS: 

- CARDIAC ARREST BCLS / ACLS 

- CARDIAC DYSRHYTHMIAS  (VT / VF)  ACLS   (antiarrhythmics) 

- PUMP FAILURE with  
  CARDIOGENIC SHOCK 

INOTROPE   THERAPY: 
-DOPAMINE / DOBUTAMINE / 

LEVOPHED  
- INTRA-AORTIC BALLOON PUMP 
(use caution with fluid challenges 

due to PULMONARY EDEMA) 

- PULMONARY EDEMA 
  

- CPAP 
- ET INTUBATION  
(use caution with dieuretics due to 

pump failure and hypotension)   

- 3rd DEGREE HEART BLOCK - NOT  
  RESPONSIVE TO ATROPINE 

TRANSCUTANEOUS or  

TRANSVENOUS PACING  



WHILE AWAITING THE CATH LAB TEAM,  THE 

PATIENT BEGAN  VOMITING.   SKIN  BECAME  ASHEN  & 

DIAPHORETIC.   REPEAT  BP =  50/30.     

 

  

 



WHILE AWAITING THE CATH LAB TEAM,  THE 

PATIENT BEGAN  VOMITING.   SKIN  BECAME  ASHEN  & 

DIAPHORETIC.   REPEAT  BP =  50/30.     

-WHAT THERAPEUTIC  INTERVENTIONS  SHOULD BE 

  IMPLMENTED  AT  THIS  POINT ?  

  

 





The patient was discharged a 
few days later, with a referral 
to Cardiac Rehab. 
 
 



EVOLVING  STEMI: 
-ST SEGMENTS DROP 
-Q WAVES FORM 
-R WAVE PROGRESSION CHANGES    
  IN  PRECORDIAL  
  LEADS.   



PRE-INFARCTION  ECG 



ACUTE  ANTERIOR  WALL 

STEMI 



EVOLVING  ANTERIOR   

WALL  STEMI 



FULLY  EVOLVED  ANTERIOR   

WALL  MI 







WHO  SHOULD 

GO  TO  THE 

CATH  LAB 

FIRST  ?  

 

 

And . . . . 

 

 

WHAT WOULD  

YOU DO WITH 

THE  PATIENT 

WHO  DID  NOT 

GO TO THE 

CATH LAB ? 





PATIENT  A:   PATIENT  B: 







In STEMI with ST-Segment 
Elevation in Lead AVR,  
This is indicative of  
Left Main Coronary Artery  
Occlusion . . .  











Despite the dismal mortality rate 
associated with STEMI from total 
LMCA occlusion, this patient 
survived and was later 
discharged.  His EF is estimated 
at approximately 30%.   He 
received an ICD, and is currently 
stable. 











Yamaji et al,  JACC vol 38, No 5, 2001: 1348-54 

Electrocardiogram patterns in acute left main occlusion: J 
Electrocardiol. 2008 Nov-Dec;41(6):626-9.  
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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 



“In patients with: 
- Angina at rest 

- ST Elevation in AVR and ST 
Depression in 8 or more ECG leads 

(global ischemia), it is reported 
with a 75% predictive accuracy of 

3-vessel or left main coronary 
artery stenosis” . . .  

 

- Wagner et al,   2009 ACC/AHA Standardization and 
Interpretation of the ECG, Part VI, ACS.  
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Critical Triple Vessel Disease = 
STAT Coronary Artery Bypass 
Surgery 







ANTICIPATED COMPLICATIONS of GLOBAL  ISCHEMIA  with  

POSSIBLE NSTEMI  --   INTERVENTIONS  to  be  CONSIDERED: 
Patients with CHEST PAIN at REST and this ECG 

presentation have a 75% incidence of severe LMCA 

STENOSIS and/or TRIPLE - VESSEL  DISEASE -- in 

such cases Coronary Artery Bypass Surgery (CABG) 

is frequently indicated.   

PREHOSPITAL:  if patient has no hospital 

preference consider transport to Chest Pain 

Center WITH Open Heart Surgery 

capabilities IF nearby.    
  
HOSPITAL:  consider use of SHORT-ACTING  

intravenous GP IIb/IIIa  receptor agonists   

- ACTIVE CHEST PAIN ACUTE CHEST PAIN PROTOCOL 
- ISCHEMIA - CONSIDER DYSRHYTHMIAS ACLS PROTOCOL 

- INCREASED PROBABILITY of IMMINENT  
  MYOCARDIAL INFARCTION 
  

1.  AGGRESSIVE  SERIAL TROPONIN and 
     SERIAL ECG PROTOCOLS (2014 AHA /ACC  
      / NSTE-ACS Guidelines) 
2.  Positive TROPONIN:  consider STAT / early  
    Cardiac Catheterization 

Excerpt from  STEMI Assistant 

http://www.ecgtraining.org/id26.html




























ANTICIPATED COMPLICATIONS of INFERIOR  WALL STEMI secondary to  
RCA Occlusion &  POSSIBLE INDICATED INTERVENTIONS: 

- CARDIAC ARREST BCLS / ACLS 
- CARDIAC DYSRHYTHMIAS  (VT / VF)  ACLS   (antiarrhythmics) 
- SINUS BRADYCARDIA ATROPINE 0.5mg,  REPEAT as needed UP TO 3mg.  

(follow ACLS and/or UNIT protocols) 
- HEART BLOCKS   (1st, 2nd & 3rd Degree HB)  ATROPINE 0.5mg,  REPEAT as needed UP TO 3mg, 

Transcutaneous Pacing, (follow ACLS and/or UNIT 

protocols) 
- RIGHT VENTRICULAR MYOCARDIAL  
   INFARCTION  
  

- The standard 12 Lead ECG does NOT view  
   the Right Ventricle. 
- You must do a RIGHT-SIDED ECG to see if RV  
   MI is present.   
- Do NOT give any Inferior Wall STEMI patient    
  NITRATES or DIURETICS until RV MI has   
   been RULED OUT. 
  
 

- POSTERIOR WALL INFARCTION 
  
  

- POSTERIOR WALL MI  presents on the 12  
   Lead ECG as ST DEPRESSION in Leads V1 - 
   V3.    
- POSTERIOR WALL MI is NOT PRESENT 
   ON THIS ECG. 



If this patient becomes 

HYPOTENSIVE . . . . . 







IN EVERY CASE of  
 

INFERIOR WALL STEMI 
 

You must first RULE OUT  

RIGHT VENTRICULAR MI 
BEFORE  giving any: 

 

- NITROGLYCERIN 

- Diuretics  



Nitroglycerin  &  Diuretics  

are 

CLASS III  CONTRINDICATED 

in 

RIGHT VENTRICULAR MI ! !*  

 

They precipitate SEVERE 

HYPOTENSION 
 

* A.H.A.  ACLS  2010 / 2015   



Evolving MI 











 
CHANGES  
ASSOCIATED 
WITH 
CELLULAR 
PERFUSION   
INVOLVING 
THE: 
 

- QRS  
- J POINT 
- ST SEGMENT 
- T  WAVE 
 
 
 



When a patient has an INFERIOR WALL 
STEMI With RIGHT VENTRICULAR 
involvement . . . .  
 
 
If reperfusion is DELAYED, and 
NECROSIS forms . . . . 
 

 
Do SIGNIFICANT Q WAVES form in the 
RIGHT VENTRICULAR LEADS ? ? ? 



YES ! 





























INDICATIONS for 18 

Lead ECG include: 
 

- INFERIOR WALL MI 
 

- ST Depression in  

   LEADS  V1-V4 







Case Study- January 2019 

• 79 y/o female complaining of “L arm pain, and 
minimal chest pain” 

• EMS 12 Lead ECGs show ST Depression in 
Anterior Leads V1-V4.  There is NO ST 
Elevation…… 



 



Initial Exam in ED 

• Upon arrival in ED, 12 Lead ECG confirmed 
EMS findings:  ST Depression in Leads V1-V4.   



 



Causes of ST Depression V1-V4 

• Anterior Wall ischemia 

• Anterior Wall NSTEMI  (partial wall thickness 
myocardial infarction) 

• Posterior Wall STEMI 



 



STEMI Alert ! 

Upon seeing “Significant ST Elevation in TWO or 
more CONTIGUOUS LEADS, the ED physician 
diagnosed “Posterior Wall STEMI,” a STEMI Alert 
was issued, and the patient was taken 
immediately to the cardiac cath lab, where the 
following images were obtained……. 



 



 



 



SUMMARY 

• Whenever ST Depression is noted in Anterior 
Leads (V1-V4), it could indicate that Acute 
Posterior Wall STEMI is present. 

• To rule-out Posterior Wall STEMI, a “posterior 
lead ECG”  (V7 – V9) must be obtained. 

• In THIS CASE, Posterior Wall STEMI was 
diagnosed via Posterior Lead ECG. 

• STEMI Alert was issued, with a Door-to-PCI 
time of 53 minutes. 



OLD POSTERIOR MI - features 

 







YOU MADE IT !!! 

Any   

??? 



My top two reasons for giving everything in life the best I have to offer. 


