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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. 



Wayne Ruppert – Bio:

• 1978 – 1996   EMT-Paramedic

• 1996 – 2012  Interventional Cardiovascular 

Technologist  Cardiac Cath Lab and  

Electrophysiology Labs

• 2012 – Present   Cardiovascular Programs 

Director / Coordinator
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Wayne Ruppert  - Bio:
 Cardiovascular Coordinator 2012-present  (coordinated 

7 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)
 ACLS Instructor:  1982 - 2022
 Website:   www.ECGtraining.org
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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



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
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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


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
https://www.amazon.com/Interpretation-Coronary-Syndrome-Studies-Catheterization/dp/098291721X
mailto:Wayne.ruppert@bayfronthealth.com


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.ecgtraining.org/
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Integrated ECG:

PATIENT’S HEMODYNAMIC STATUS 

+ 
SYMPTOMS 

+
ECG 
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Integrated ECG:

• HEMODYNAMIC STATUS
– ABCs     

– Shock   

• SYMPTOMS  
– Chest Pain / Pressure

– Other ACS Symptoms

• ECG
– 12 Lead

– Single Lead “rhythm strip” 
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Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs  (Airway open? + Breathing? + Pulse?)
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If there is  NO  PULSE . . . . 

• Start CPR

• Apply ECG – determine rhythm- shockable?

– SHOCKABLE:  V-fib / V-tach / Torsades

26

Defib 120-200 BiPhasic
- IV Access
- Advanced Airway
Defib 120-200 or HIGHER
- Epinephrine 1mg IV
Defib 120-200 or HIGHER
- Amiodarone 300mg  - OR –

Lidocaine 1.0 -1.5 mg/kg
Defib 120-200 or HIGHER
- Epinephrine 1mg IV
Defib 120-200 or HIGHER
- CONTINUE as per ACLS….

https://cpr.heart.org/-/media/CPR-Files/CPR-Guidelines-Files/Algorithms/AlgorithmACLS_CA_200402.pdf
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If there is  NO  PULSE . . . . 

• Start CPR

• Apply ECG – determine rhythm- shockable?

– NOT SHOCKABLE:  Agonal Rhythm / Asystole / PEA

28

- Continue CPR
- IV/IO Access
- Advanced Airway
- Epinephrine 1mg IV
- Rule out reversible causes
- CONTINUE as per ACLS….

https://cpr.heart.org/-/media/CPR-Files/CPR-Guidelines-Files/Algorithms/AlgorithmACLS_CA_200402.pdf


If there is  NO  PULSE . . . . 

• Start CPR

• Apply ECG – determine rhythm- shockable?

– NOT SHOCKABLE:  Agonal Rhythm / Asystole / PEA

29

- Continue CPR
- IV/IO Access
- Advanced Airway
- Epinephrine 1mg IV
- Rule out reversible causes
- CONTINUE as per ACLS….

https://cpr.heart.org/-/media/CPR-Files/CPR-Guidelines-Files/Algorithms/AlgorithmACLS_CA_200402.pdf


Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs 

– Shock Assessment
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SHOCK 
is

THE
CORRIDOR

TO 
DEATH
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SHOCK – FIND CAUSE . . . 

• HYPOVOLEMIC    (internal or external bleeding)

• OBSTRUCTIVE   (PE / tamponade)

• PSYCHOGENIC   (sudden fear – self-correcting)

• NEUROLOGICAL   (spinal injury)

• INSULIN   (hypoglycemia)

• SEPTIC  (systemic infection)

• CARDIOGENIC ( abnormal heart rate  or  
contractility)
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Actions at the Scene:

• Vital signs

• ECG  

• Verbal history

• O2  (if indicated)

• IV  (if  indicated)
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 

DECREASED CARDIAC OUTPUT may be present when 
heart rate is:

– LESS THAN  50

– GREATER THAN  150 

41



CARDIOGENIC  SHOCK

• Heart Rate 

– TOO SLOW  (less than 50)  with signs of shock:

F SPEED UP THE HEART RATE    

(follow ACLS and Protocols)

42

Usual treatment:
- Atropine
- Pacemaker



Bradycardias & Heart Block

• There are several ECG Rhythms seen with 
“BRADYCARDIA” 

• While you should be able to distinguish each 
rhythm, what is MORE IMPORTANT is that you 
simply “identify when the heart rate being 
TOO SLOW is causing the patient to be 
symptomatic (SHOCK) . . . .and that you. . . 

• KNOW how to treat it.  
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CARDIOGENIC  SHOCK

• Heart Rate 

– TOO FAST  (greater than 150)  with signs of shock:

F SLOW the heart rate

(follow ACLS and Protocols)
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Usual treatment:
- Synchronized 

Cardioversion



Tachycardias

• Is the patient STABLE or UNSTABLE? 

• QRS  narrow  or  wide ???

– Narrow =  “not greater than 120 ms” (3 mm)

– Wide =  “greater than 120 ms (3 mm)
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ALL UNSTABLE  TACHYCARDIAS:

• SYNCHRONIZED CARDIOVERSION

– As per agency PROTOCOL and/or ACLS

– NARROW tachycardias = less initial energy

– WIDE QRS tachycardias AND A-fib RVR = higher 
initial energy
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V-Tach

• NO PULSE – Follow Protocols / ACLS for “V-Fib 
/ V-Tach” 

• PULSE – but UNSTABLE – Synchronized 
Cardioversion

• STABLE  - Give MEDS as per Protocols / ACLS 

66
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Torsades de Pointes

• Usually caused by PROLONGED  Q-T Interval
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 

• Decreased Contractility:

– STEMI  /  Acute Coronary Syndrome  (vascular)
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 

• Decreased Contractility:

– STEMI  /  Acute Coronary Syndrome  (vascular)

– Myocarditis  (muscle dysfunction)
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CARDIOGENIC  SHOCK

• Heart Rate:

–Should be between  50 – 150 

• Decreased Contractility:

– STEMI  /  Acute Coronary Syndrome  (vascular)

– Myocarditis  (muscle dysfunction)   

Often mimics  STEMI  on the ECG.   Often 

“challenging” for advanced practitioners to

diagnose.   
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Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs     

– Shock   

• SYMPTOMS  

– Chest Pain / Pressure
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Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs     

– Shock   

• SYMPTOMS  

– Chest Pain / Pressure = STAT 12 LEAD ECG !!!

( within 10 minutes ) !! 
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Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs     

– Shock   

• SYMPTOMS  

– Chest Pain / Pressure

– Other ACS Symptoms
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Integrated ECG:

• HEMODYNAMIC STATUS

– ABCs     

– Shock   

• SYMPTOMS  

– Chest Pain / Pressure

– Other ACS Symptoms = STAT 12 LEAD ECG !!!

( within 10 minutes ) !! 
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Integrated ECG:

• HEMODYNAMIC STATUS
– ABCs     

– Shock   

• SYMPTOMS  
– Chest Pain / Pressure

– Other ACS Symptoms

• ECG
– 12 Lead

– Single Lead “rhythm strip” 
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Actions at the Scene

• If patient has ANY symptoms of  ACS, get a

STAT 12 Lead ECG 

92



EMS 12 Lead ECG



10 wires . . . 

• 4 limb leads

• 6 chest (“V”) leads



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







What part of the HEART 
does each lead SEE ?
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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).  





114



115



116



117



The  12  Lead  ECG 
Has TWO major BLIND SPOTS . . . . .

118

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 ).  



120

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 !!
130
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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
136





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.





Wide QRS present:
QRSd > 120ms

• Determine RIGHT vs. LEFT Bundle 
Branch Block Pattern



Simple “Turn Signal Method” . . . 



From: “Rapid Interpretation of ECGs” by Dale Dubin, MD



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


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 ):





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

activity . . .



The Isoelectric Line -
it’s not always isoelectric !





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

ST-Segment when “iso-electric line is  

not 
iso-electric ! 



Defining NORMAL: 















Normal Variants:
T Wave Inversion





When  QRS  duration  is  NORMAL  ( < 120 ms ):



ECG Indicators 
of ACS 

in Patients with 
Normal Width  QRS Complexes

(QRS duration < 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



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


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 !”



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





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








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)  















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)  







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.

https://www.ncbi.nlm.nih.gov/pubmed/11691506/
https://www.ncbi.nlm.nih.gov/pubmed/18790498


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.

4 LSI  BASIC 12 LEAD CONCEPTS.doc






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 

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 



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  





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



Continued Exam in the ED….

• Upon noting ST Depression in Anterior Leads, 
3 leads were placed on the patient’s back.    
The lead wires for V4, V5 and V6, were 
repositioned, as shown here:

• The “Posterior Lead

ECG” is seen on the

next slide……





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.



YOU MADE IT !!!

Any

???



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


