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The  Heart: 

 

-Muscle cells 

-Electrical system cells 

-Connective tissue 







































P  WAVE =  
ATRIAL  DEPOLARIZATION 

 

 

 

QRS  COMPLEX = 
VENTRICULAR 

DEPOLARIZATION 

(contracting)   

 

 

T  WAVE  = 
VENTRICULAR  

REPOLARIZATION 

(recharging)  















 



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

 



Lead V2 – GOOD Choice…… 

 



 



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 ! !  



Why not V1 ?  (may not detect critical QTc) 

















HEART RATES THAT ARE: 

 

 

BELOW 50   ARE TOO SLOW AND  MAY  

    CAUSE PATIENT TO BE UNSTABLE 
 

 

 

50 – 150   JUST RIGHT !    SHOULD NOT  

     CAUSE  PATIENT TO BE  UNSTABLE 
 

 

 

 

ABOVE 150   ARE TOO FAST AND MAY  

    CAUSE PATIENT TO BE UNSTABLE 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1.  Heart rate   LESS THAN  50   or   GREATER  THAN  150 

































The Isoelectric Line -  
it’s not always isoelectric ! 

 







 







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

 







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:   



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



“There’s 
an APP 

for 
that!” 



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
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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 ! 



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

APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT? 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 



 

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


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
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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.   



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


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”  
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--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

 

AND WHEN YOU’RE AT THE NURSES STATION AND 

YOU SEE A PATIENT’S HEART RATE IS TOO 

SLOW OR TOO FAST, WHAT SHOULD YOU DO ? ?  





































--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

 



























??? 





SINUS  ARREST.   

 
Causes:   SA Nodal disease,  Increased vagal tone,   

 SA Node ischemia  / MI 

 

Hemodynamic Concerns:  Patient may experience syncope,  

 cardiac arrest 

 

Treatment: Atropine,  CPR,  Pacemaker 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

 















--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

 

















  

















































End Diastolic  (escape)  

Premature   











Multifocal  PVCs 

Multifocal  Couplet  PVCs 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

 























Accelerated Idioventricular Rhythm  (AIVR) 

This  may  be  the  only  RHYTHM   keeping  the 

Patient  alive.    

No  P  waves 

Wide  QRS  Complexes 

Rate usually “Ventricular” -   40  or  less 











--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

 





This RHYTHM is  ? ? 





--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

 





VENTRICULAR  FIBRILLATION 

CARDIAC  ARREST  RHYTHM 



Ventricular Asystole 

 

 

CARDIAC  ARREST  RHYTHM 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

9. VENTRICULAR FIBRILLATION    or    ASYSTOLE 

 

 



CPR 

| 

IV / AIRWAY 

| 

EPI  1 mg 

|  

If  QRS 

complexes 

have a 

PULSE 

then  apply 

PACEMAKER ! ! 







--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

9. VENTRICULAR FIBRILLATION    or    ASYSTOLE 

10. PACER SPIKES WITHOUT QRS  – “FAILURE TO CAPTURE” 

 

 





Simple “Turn Signal Method” 

. . .  

 













--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

9. VENTRICULAR FIBRILLATION    or    ASYSTOLE 

10. PACER SPIKES WITHOUT QRS  – “FAILURE TO CAPTURE” 

11. CHANGES  in the  QRS width  (new onset Bundle Branch Block) 

 



Use  of  
  

TELEMETRY MONITORING 
 

For 
 

ONGOING EVALUATION of: 
  
 

 

 

 - Acute  Coronary  Syndrome 

 - “Low Probability Chest Pain”  

 -  Post  PCI / STENT  



 

Acute  Coronary  Syndrome 

(ACS)  includes: 
 

 - STEMI  (ST segment elev. MI) 

 - NSTEMI (Non-ST seg. Elev. MI) 

 - Unstable Angina 



 

Acute  Coronary  Syndrome 

(ACS): 
 

 12 Lead ECG “mapping” of 

the ischemic region of 

myocardium with continuous 

ST Segment Monitoring . . .  

Coming up in the next level  

ECG monitoring course.   



The ECG Markers of ACS involve 

the: 

 

- J Point 

- ST Segment  

- T Wave  

 

Of every lead on the 12 Lead 

ECG.   



THE  ECG  should  NOT 

CHANGE.    Any changes 

that  occur  to  the   

Patient’s  ECG  waveforms  

should  be considered 

ABNORMAL  and  should 

be  REPORTED.    



When  QRS  complex  width  is  NORMAL  ( < 120 ms ): 











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







ST  SEGMENT  ELEVATION: 





--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

9. VENTRICULAR FIBRILLATION    or    ASYSTOLE 

10. PACER SPIKES WITHOUT QRS  – “FAILURE TO CAPTURE” 

11. CHANGES  in the  QRS width  (new onset Bundle Branch Block) 

12. CHANGES  to  J Point, ST Segment,   and/or  T Waves  

 



WHAT  IS  YOUR  INTERPRETATION  OF  

THIS  RHYTHM  STRIP  ? 



WHAT  IS  YOUR  INTERPRETATION  OF  

THIS  RHYTHM  STRIP  ? 

SIGNIFICANT  ST  SEGMENT   

ELEVATION,  most  likely patient  is 

suffering   STEMI 



WHAT  WOULD  THE  MOST  APPROPRIATE  

COURSE  OF  ACTION  BE ?   

Immediately:  

notify Charge RN  

check patient 

obtain 12 Lead ECG 

Notify physician / Cardiologist 

Activate STEMI protocol  

 

 



--   CRITICAL  ECG  ALERT  -- 

 
 

 

-Immediately check patient 

-Notify next “higher up” in chain of command  

1. Heart rate   LESS THAN  50   or   GREATER  THAN  150 

2. QT  INTERVAL  prolonged  (usually not emergent but let Dr. know) 

3. 2nd degree type II   or   3rd degree HEART BLOCK 

4. SINUS ARREST with periods of ASYSTOLE 

5. NEW ONSET of any DYSRHYTHMIA 

6. PVCs that are MULTIFOCAL,  2 or MORE TOGETHER,  R on T,  

greater than 6 per minute, 

7. V-TACH,  or  WIDE QRS TACHYCARDIA of unknown origin 

8. TORSADES de POINTES 

9. VENTRICULAR FIBRILLATION    or    ASYSTOLE 

10. PACER SPIKES WITHOUT QRS  – “FAILURE TO CAPTURE” 

11. CHANGES  in the  QRS width  (new onset Bundle Branch Block) 

12. CHANGES  to  J Point, ST Segment,   and/or  T Waves  

 



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


