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Paramedics Christ Megoulas and Wayne Ruppert, 2024 
  -- both still active – (but off duty, for this pic, LOL)! 



 



 



 





  



  



  



There is NO paper handout today.. 
….. You can DOWNLOAD this full 
PowerPoint and many other ECG 

resources at: 

www.ECGtraining.org 

http://www.ecgtraining.org/�


 



 



 



 



 



 



 



 



 



Published in 2010.    Working on UPDATE. 



DOWNLOAD Free version – 40 pages 

http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf�


 



 



 



 



 



 



 



 



Cardiac  A & P  “101”... 
• Heart structure – basic 4 chambers 
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Cardiac  A & P  “101”... 
• Heart structure – basic 4 chambers 
• Action Potential of Ventricular Muscle Cells  
• Electrical System overview 
• Fibrous Skeleton of Heart 
• Pathophysiology of Accessory Bypass Tracts 
    (cause of Wolff-Parkinson-White Syndrome)  
• Normal Pressures with Heart and Lungs 
• Heart Sounds 
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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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Access
University of Washington
Department of Medicine

---------
Heart Sound Simulator
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https://depts.washington.edu/physdx/heart/demo.html


Integrated ECG:

PATIENT’S HEMODYNAMIC STATUS 

+ 
SYMPTOMS 

+
ECG 

145



OLD  BARN,  SHREWSBURY, PA   -- 2001



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

149

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
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- 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
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- 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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CARDIOGENIC ( abnormal heart rate  or  
contractility)

F



*Initial Patient Workup:

• Determine CHIEF COMPLAINT

• STAT 12 Lead ECG (if indicated) 

• Continuous ECG Monitoring

• Vital signs 

• Verbal history

• O2  (if indicated)

• IV  (if  indicated)

159

* Appropriate order of events varies based on a case-by-case basis 
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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:
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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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• The 12 Lead ECG has been ordered

• Meanwhile we’ll hook the patient to the ECG 
monitor . . . . . 
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Traditional 
ECG Monitoring Lead Placement:
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New (2014) Guideline Suggested 
ECG Monitoring Lead Placement
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Traditional Continuous 
ECG Monitoring Lead:    V1
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New (2014) Guideline Suggested 
ECG Monitoring Leads:  V2 or V3

183



184



185



186



• We’ve established continuous ECG monitoring 
and we assess the rhythm . . . .
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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 
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CARDIOGENIC  SHOCK

• Heart Rate 

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

F SPEED UP THE HEART RATE    

(follow ACLS and Protocols)
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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)

203

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 
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Torsades de Pointes

• Usually caused by PROLONGED  Q-T Interval
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QTc greater than 600  =  “Torsades very possible…..”  



220



CARDIOGENIC  SHOCK

• Heart Rate – TOO  SLOW  or  TOO FAST

– Wide QRS

– Narrow QRS
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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)   

Often mimics  STEMI  on the ECG.   Often 

“challenging” for advanced practitioners to

diagnose.   
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Initial Patient Workup:

• If patient has ANY symptoms of  ACS, get a

STAT 12 Lead ECG 
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EMS 12 Lead ECG



In-Hospital 12 Lead ECG



10 wires . . . 

• 4 limb leads

• 6 chest (“V”) leads









If you’re going to use your ECG monitor to 
evaluate the patient’s: 
 
• J Points 
• ST Segments 
• T Waves 
 
It MUST be in the “DIAGNOSTIC” mode 
 
(Not the normal “Monitoring” mode)……. 







MONITOR mode bandwidth: 
1.0 – 30 Hz 
 
 
DIAGNOSTIC mode bandwidth: 
0.5  -  40 Hz 



MONITOR mode bandwidth: 
1.0 – 30 Hz 
 
 
DIAGNOSTIC mode bandwidth: 
0.5  -  40 Hz 
 
F   A 12 Lead ECG is ALWAYS recorded 
       in “DIAGNOSTIC Mode” 



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







CORRECT Lead placement:



What part of the HEART 
does each lead SEE ?
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STEMI

• ST Segment Elevation Myocardial Infarction. 
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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”



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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“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 ?267
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Which  Coronary  Artery  typically  Supplies  the  LATERAL  WALL ? 276
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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 ?307
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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 ).  
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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?



When do we need to see the 
Posterior Wall?

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

ST DEPRESSION in any of the 
ANTERIOR LEADS  (V1-V4),  
CONSIDER the possibility of 
POSTERIOR WALL STEMI ! ! 

. . . To DIGANOSE 
Posterior Wall 
STEMI, we should 
see LEADS 
V7 – V9 !!
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The  18  Lead  ECG  a 

\ The  12  Lead  ECG

342



343



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
345



“ROAD  TO  FOREVER,”    Rt 385,  Oklahoma panhandle,  1994 346
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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:
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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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From: “Rapid Interpretation of ECGs” by Dale Dubin, MD
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