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Understanding “multiple leads”… 

• Correct location of each ECG Lead 



Obtaining the 12 Lead ECG 
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Understanding “multiple leads”… 

• Correct location of each ECG Lead 

• Region of the Heart viewed by each Lead 
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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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The Patient Arrives . . .  

• Standard Tele / ECG hookup:  

– LEAD II 

– LEAD V2 



 



Lead V2 – GOOD Choice…… 

 



Why not V1 ?   (we’ve used V1 for years!)   

 



Why not V1 ?   (often won’t see STEMI !) 

If you were only monitoring Leads II and V1, you 
would NOT detect this patient’s STEMI ! !  



Ineffectiveness of LEAD V1 for early 
detection of Anterioseptal STEMI  

 



Why not V1 ?  (may not detect critical QTc) 



The Patient Arrives . . .  

• Standard Tele / ECG hookup:  

– LEAD II 

– LEAD V2 

• Evaluate patient:  any symptoms of ACS ?  



CHIEF  COMPLAINT 

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







ATYPICAL SYMPTOMS of ACS 

 

  

             ? ? ?  
 

 

 

 
 



BOOK  PAGE:  70  







Physical Exam – Clues of MI: 

• Skin may be PALE, CLAMMY 

• SWEATING !  (Diaphoresis) 

• Clutching /Rubbing chest 

• BP can be high, normal or low  

• Anxiety / “look of impending doom.”   



The Patient Arrives . . .  

• Standard Tele / ECG hookup:  

– LEAD II 

– LEAD V2 

• Evaluate patient:  any symptoms of ACS ?  

• Review 12 Lead ECG.  Look for: 

– Signs of ischemia 

– QT prolongation 



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
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:  

 





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

activity . . . 



The Isoelectric Line -  
it’s not always isoelectric ! 

 



 



 







 



When QRS width is normal (<120ms), use this 
example of NORMAL as your 

 



When  QRS  duration  is  NORMAL  ( < 120 ms ): 



Insert NORMAL ECG 

 



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 

 



QUESTION: 
 

If we just defined 
NORMAL, 

what  
is 
 
 

ABNORMAL ? ?   



ANSWER: 
 

EVERYTHING ELSE.   
If it isn’t NORMAL 

is  
ABNORMAL !! 

 



Simply stated, if the 
  

- J Points 
         - ST-Segments 

- T Waves 
 

are NOT NORMAL,  
they are ABNORMAL. . . .   



. . . And whenever the  
 

- J Points 
         - ST-Segments 

- T Waves 
 

are ABNORMAL, it can be  
an INDICATION of  

ACUTE CORONARY SYNDROME !   



 



 



 



Some less common, less reliable 
possible indicators of ACS:   

 



Evaluate QTc 

• “QUICK PEEK” Method 

• QTc – vs – QT Interval 



Lead Selection: QT Interval 

• Targeted QT measurement using 12 Lead ECG: 



Chest Leads 
V2  &  V3 

often display 
LONGEST  QT  Intervals. 

F 













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:   



Methods to obtain QTc: 

• Look at 12 Lead ECG printout (at top of page) 



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



Methods to obtain QTc: 

• Look at 12 Lead ECG printout (at top of page) 

• Call Monitor Tech – they can give immediate 
value 



Methods to obtain QTc: 

• Look at 12 Lead ECG printout (at top of page) 

• Call Monitor Tech – they can give immediate 
value 

• Calculate it yourself using smartphone App 



“There’s 
an APP 

for 
that!” 



Determining the  QTc  

• 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


Web-based (mdcalc.com): 

 

https://www.mdcalc.com/corrected-qt-interval-qtc
https://www.mdcalc.com/corrected-qt-interval-qtc
https://www.mdcalc.com/corrected-qt-interval-qtc


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


Prolonged QT Interval 

• QTc 500 – 520 may be due to oral 
antiarrhythmics (sotalol, amiodarone, etc) 

• QTc above 500: NOT ADVISABLE to administer 
any QT prolonging meds 

– Check electrolytes (especially K, Mg, Ca) 

• QTc 550 and above: advise immediate 
discontinuance of all QT prolonging meds 

• QTc 600+  ANTICIPATE Torsades de Pointes (TdP)  

 



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 ! 









Prolonged QT Interval 

• Congenital (14 subtypes) 



CONGENITAL LONG QT SYNDROMES: 
ECG PATTERNS  of  3 MOST  COMMON  VARIATIONS:   



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!   





 



Prolonged QT Interval 

• Congenital 

• Acquired  

– MEDICATION INDUCED – MAJOR CAUSE of IN-
HOSPITAL MORTALITY 

– Electrolyte Imbalances (hypomagnesemia, 
hypokalemia, hypercalcemia) 

– Increased intracranial pressure 

– HYPOTHERMIA (accidental and Induced TTM) 

 



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


QT Prolongation --  STAT Intervention: 
 

F   Avoidance of Meds that are known to prolong the QT   
Interval.  Click here to search medications at     
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/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch
https://www.crediblemeds.org/drugsearch


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 



www.crediblemeds.org 

• Smartphone Apps 

• List of clinical factors associated with 
prolonged QTc and/or Torsades de Pointes 
(TdP) 

http://www.crediblemeds.org/
https://crediblemeds.org/blog/smartphone-apps-crediblemeds-now-available
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list
https://www.crediblemeds.org/ndfa_list


Other QT issues 

• A-fib:  challenging to calculate QTc due to 
varying R-R intervals.  The next slide show the 
forumulas for a more accurate calculation . . .  



Date of download:  10/3/2016 
Copyright © 2016 American Medical 

Association. All rights reserved. 

From: What Clinicians Should Know About the QT Interval 

JAMA. 2003;289(16):2120-2127. doi:10.1001/jama.289.16.2120 

QTc indicates corrected QT interval; RR, R-R interval. A, Normalsinus rhythm; the Bazett formula is used to correct the QT interval 

for theheart rate. B, Atrial fibrillation; QT interval is calculated by taking theaverage of QT intervals with shortest and longest 

preceding R-R intervals. 

Figure Legend:  



Other QT issues 

• A-fib:  challenging to calculate QTc due to 
varying R-R intervals.   

• Wide QRS (QRSd >120ms):  The delay in 
depolarization (widening of QRS) will also 
delay repolarization.  Therefore a QT interval 
that appears “elongated” may be due to 
nothing more than a Bundle Branch Block.   



Determining QT Interval when Bundle Branch Block is Present: 
Science Direct (Elsevier October, 2020)  click here to download 
article 

https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341
https://www.sciencedirect.com/science/article/pii/S2352906720303341


The Patient Arrives . . .  

• Standard Tele / ECG hookup:  

– LEAD II 

– LEAD V2 

• Evaluate patient:  any symptoms of ACS ?  

• Review 12 Lead ECG.  Look for: 

– Signs of ischemia 

– QT prolongation 

• REPOSITION ECG Leads (if indicated) 



Tele Lead Selection:  
ABNORMAL   12  Lead ECG  (ischemia) 

• Review patient’s 12 Lead EKG 

• Select Lead displaying “worst” signs of 
ischemia (ST segment, T wave abnormalities) 
to be the lead used for continuous monitoring 

• Set the “automated ST Segment Alarm” for 
this lead.   



What leads show signs of possible ACS? 



12 Lead ECG 
shows ISCHEMIC CHANGES Lateral Wall: 



Lead Selection: 12 Lead ABNORMAL 

• Limb Lead I     

 

 

 

 

• V2   (if  QTc is 500 or more and/or patient 
receiving QT prolonging medication) 

• V5   (if  QTc <500ms and patient is NOT 
receiving QT prolonging meds). 



What’s the rationale behind 
monitoring the ECG lead viewing 
the region of known/suspected 

ischemia? 



If your friend says, “pick me up in front of my house in 15 
minutes.”    

The “common sense” rationale:   



. . . You wouldn’t 
drive around to the 
back of the house 
and watch for your 
friend at the back 
door.   



If you were only monitoring Lead II on 
this patient with suspected Anterior 

Wall ischemia . . . . .  

.  



YOU WOULD MISS THIS:  

.  
AND you may have noted the subtle ECG changes LONG BEFORE 
the patient’s MI evolved into this massive ANTERIOR LATERAL 
STEMI.      



CONTINUOUS MONITORING 

• ST Segments 

• QT Intervals 



Critical Baseline Settings: 

• Heart Rate (upper / lower) 

– Keeps you informed of patient condition changes 

– Aids you in medication rate management (IV 
infusions, e.g.: Cardizem) 

• ST-Segment (ACS) 

• QT Interval (all patients, patients receiving QT 
prolonging medications) 

 



Clinical Alarm Management Resources 

• American Journal of Critical Care – Monitoring 
Clinical Alarms. 

 

• To download a sample CLINICAL ALARMS 
MONITORING POLICY and a CLINCIAL ALARMS 
PARAMETERS example, CLICK HERE.  This will 
take you to my “PDF Downloads” page on my 
website.  

 

http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://ajcc.aacnjournals.org/content/17/1/44.full
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html
http://www.ecgtraining.org/id25.html


Sample ECG Alerts: 

 



Alarm Fatigue.   It’s REAL…. 

Excerpt from Circulation 2017: 



If the ST-Segment alarm activates, 
what should you do ?? 



If the ST-Segment alarm activates, 
what should you do ?? 

• Go assess the patient!  

– Are there any symptoms now present?   

– Changes in prior symptoms? 
 

• Get a STAT 12 Lead ECG !     . . . And 
 



If the ST-Segment alarm activates, 
what should you do ?? 

• Go assess the patient!  

– Are there any symptoms now present?   

– Changes in prior symptoms? 
 

• Get a STAT 12 Lead ECG !     . . . And 

• Compare it to the last ECG(s)!  
 



A  CRITICAL INDICATOR 
of  

worsening ischemia  
and/or  

EARLY INFARCTION 
is  

DYNAMIC  CHANGES  
to the patient’s  

J Points, ST-Segments and T Waves. 



J ST T should never change 

 



Dynamic ST-T wave changes . . . 



Potential Issues ? 

1. Progressive 
Inferior 
ischemia 
 

2. NSTEMI 
 

3. Reciprocal 
ST Changes 
from 
Anterior 
STEMI 



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:  

 



Dynamic ST-T Wave Changes 



Dynamic ST-T Wave Changes 



DYNAMIC ST-T Wave Changes  
ARE PRESENT !! 

 

NOW 
is the time for the  

STAT CALL  
to the 

CARDIOLOGIST !!!!  



Dynamic ST-T Wave Changes 



Dynamic ST-T Wave Changes 



Dynamic ST-T Wave Changes 



Dynamic ST-T Wave Changes 



 



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 
• Dynamic 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: 





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.   





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 ?  

  

 































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   



STEMI Assistant:   an Emergency Crash 

Cart Interactive Reference Manual  -  free Download 

STEMI Assistant – Information Video 

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
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
http://www.ecgtraining.org/sitebuildercontent/sitebuilderfiles/STEMIassistant.pdf
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
https://www.youtube.com/watch?v=aUlQh7lNSBs
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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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Posterior Wall STEMI…. 

• Does not show ST elevation on standard 12 
lead ECG because NONE of the 12 leads view 
the Posterior Wall directly…. 
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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 !! 
310 
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Congrats!! 
 

YOU SURVIVED !!!! 
 
 

??? 


