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¦ƴŘŜǊǎǘŀƴŘƛƴƎ άƳǳƭǘƛǇƭŜ ƭŜŀŘǎέΧ 

ÅCorrect location of each ECG Lead 



Obtaining the 12 Lead ECG 
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¦ƴŘŜǊǎǘŀƴŘƛƴƎ άƳǳƭǘƛǇƭŜ ƭŜŀŘǎέΧ 

ÅCorrect location of each ECG Lead 

ÅRegion 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: 

ÅISCHEMIA 

ÅάtŀǊǘƛŀƭ-ǿŀƭƭ ǘƘƛŎƪƴŜǎǎέ aL  όb{¢9aLύ 

ÅSTEMI (in the opposite side of the heart) 

ÅOther things (like RBBB, certain medications, 
etc).   
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The Patient Arrives . . .  

ÅStandard Tele / ECG hookup:  

ïLEAD II 

ïLEAD V2 



 



Lead V2 ς Dhh5 /ƘƻƛŎŜΧΧ 

 



Why not V1 ?   όǿŜΩǾŜ ǳǎŜŘ ±м ŦƻǊ ȅŜŀǊǎΗύ   

 



Why not V1 ?   όƻŦǘŜƴ ǿƻƴΩǘ ǎŜŜ {¢9aL Ηύ 

If you were only monitoring Leads II and V1, you 
ǿƻǳƭŘ bh¢ ŘŜǘŜŎǘ ǘƘƛǎ ǇŀǘƛŜƴǘΩǎ {¢9aL Η Η  



Ineffectiveness of LEAD V1 for early 
detection of Anterioseptal STEMI  

 



Why not V1 ?  (may not detect critical QTc) 



The Patient Arrives . . .  

ÅStandard Tele / ECG hookup:  

ïLEAD II 

ïLEAD V2 

ÅEvaluate patient:  any symptoms of ACS ?  



CHIEF  COMPLAINT 
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SHORTNESS  BREATH  
 
DIZZINESS / LIGHTHEADEDNESS 
 
ETC.  ETC.  ETC. 







ATYPICAL SYMPTOMS of ACS 
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Physical Exam ς Clues of MI: 

ÅSkin may be PALE, CLAMMY 

ÅSWEATING !  (Diaphoresis) 

ÅClutching /Rubbing chest 

ÅBP can be high, normal or low  

Å!ƴȄƛŜǘȅ κ άƭƻƻƪ ƻŦ ƛƳǇŜƴŘƛƴƎ ŘƻƻƳΦέ   



The Patient Arrives . . .  

ÅStandard Tele / ECG hookup:  

ïLEAD II 

ïLEAD V2 

ÅEvaluate patient:  any symptoms of ACS ?  

ÅReview 12 Lead ECG.  Look for: 

ïSigns of ischemia 

ïQT 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 ς evaluate QRS width: 

ÅQRS is ABNORMALLY WIDE (>120 ms),  

ïindicates DEPOLARIZATION ABNORMALITY 
όŜΦƎΦ άōǳƴŘƭŜ ōǊŀƴŎƘ ōƭƻŎƪΣ ²ƻƭŦŦ-
Parkinson-White Syndrome, etc).  



STEP 1 ς evaluate QRS width: 

ÅQRS is ABNORMALLY WIDE (>120 ms),  

ïindicates DEPOLARIZATION ABNORMALITY 
όŜΦƎΦ άōǳƴŘƭŜ ōǊŀƴŎƘ ōƭƻŎƪΣ ²ƻƭŦŦ-
Parkinson-White Syndrome, etc).  

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



 



Wide QRS present: 
QRSd > 120ms 

ÅDetermine RIGHT vs. LEFT Bundle 
Branch Block Pattern 



{ƛƳǇƭŜ ά¢ǳǊƴ {ƛƎƴŀƭ aŜǘƘƻŘέ Φ Φ Φ  

 



From: ñRapid Interpretation of ECGsò by Dale Dubin, MD 



Evaluating the ECG for ACS: 

 



Wide QRS present: 
(QRSd > 120ms) 

ÅWhen  RIGHT Bundle Branch Block 
pattern is present:   

ïPrecordial Leads typically demonstrate  ST 
Depression and T wave Inversion  





Wide QRS present: 
(QRSd > 120ms) 

ÅWhen  RIGHT Bundle Branch Block 
pattern is present:   

ïPrecordial Leads typically demonstrate  ST 
Depression and T wave Inversion  

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









Wide QRS present: 
(QRSd > 120ms) 

ÅWhen  LBBB QRS pattern is present: 



ÅWhen  LBBB QRS pattern is present:  

ïST-Segment Elevation is typically noted in 
Precordial Leads 

Wide QRS present: 
(QRSd > 120ms) 



ÅWhen  LBBB QRS pattern is present:   

ïST-Segment Elevation is typically noted in 
Precordial Leads 

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

Wide QRS present: 
(QRSd > 120ms) 



ÅWhen  LBBB QRS pattern is present:   

ïST-Segment Elevation is typically noted in 
Precordial Leads 

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

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

Wide QRS present: 
(QRSd > 120ms) 



ÅST 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


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

ÅST 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:   

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

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

ÅST 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:   

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

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

ÅST Segment Changes as compared with those 
of older ECGs with LBBB 

ÅConvex ST Segment 

 

2013 ACC/AHA  Guideline for Management of STEMI 

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

 





Φ Φ ΦǘƘŜ άŦƭŀǘ ƭƛƴŜέ ōŜǘǿŜŜƴ 9/D ŎƻƳǇƭŜȄŜǎΣ 
when there is no detectable electrical 

activity . . . 



The Isoelectric Line -  
ƛǘΩǎ ƴƻǘ ŀƭǿŀȅǎ ƛǎƻŜƭŜŎǘǊƛŎ Η 

 



 



 







 



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 
ÅNSR (rate 60-100, regular rhythm)   

ÅP Waves upright all leads except aVR 

ÅP Waves inverted lead aVR, possibly V1 

ÅQRS upright Leads I, II, III, aVL, aVF, V5, V6 

ÅQRS inverted Leads aVR, V1, V2 

ÅQRS biphasic: Leads V3, V4 

ÅP wave size:  up to 2mm tall, 2.5mm long 

ÅQRS height Limb Leads: 5-15mm tall 

ÅQRS height V Leads 10-15mm tall 

ÅQRS width: not to exceed 3mm  (120 ms) 

ÅOverall QRS Amplitude:  not greater than 30mm 

 



The Normal 12 Lead EKG 
ÅT waves ς Upright all Leads except aVR 

ÅT wave ς Inverted in Lead aVR  

Å(everything is inverted in lead aVR) 

ÅT wave MAY be inverted (as a normal variant) in 
Leads III and aVL.    

ÅOverall QRS Amplitude:  not greater than 30mm 

 



QUESTION: 
 

If we just defined 
NORMAL, 

what  
is 
 
 

ABNORMAL ? ?   



ANSWER: 
 

EVERYTHING ELSE.   
LŦ ƛǘ ƛǎƴΩǘ bhwa![ 

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 

Åάv¦L/Y t99Yέ aŜǘƘƻŘ 

ÅQTc ς vs ς QT Interval 



Lead Selection: QT Interval 

ÅTargeted QT measurement using 12 Lead ECG: 



Chest Leads 
V2  &  V3 

often display 
LONGEST  QT  Intervals. 

F 













QT CORRECTION FORMULAS: 

  

    .ŀȊŜǘǘΩǎ        QTc=QT/Õ 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: 

ÅLook at 12 Lead ECG printout (at top of page) 



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



Methods to obtain QTc: 

ÅLook at 12 Lead ECG printout (at top of page) 

ÅCall Monitor Tech ς they can give immediate 
value 



Methods to obtain QTc: 

ÅLook at 12 Lead ECG printout (at top of page) 

ÅCall Monitor Tech ς they can give immediate 
value 

ÅCalculate it yourself using smartphone App 



ά¢ƘŜǊŜΩǎ 
an APP 

for 
thatΗέ 



Determining the  QTc  

ÅiPhone 

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

ÅAndroid 

ïhttps://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
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https://itunes.apple.com/us/app/corrected-qt-interval-qtc/id1146177765?mt=8
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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
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Prolonged QT Interval 

ÅQTc 500 ς 520 may be due to oral 
antiarrhythmics (sotalol, amiodarone, etc) 

ÅQTc above 500: NOT ADVISABLE to administer 
any QT prolonging meds 

ïCheck electrolytes (especially K, Mg, Ca) 

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

ÅQTc 600+  ANTICIPATE Torsades de Pointes (TdP)  

 



Torsades de Pointes (TdP) ς HEMODYNAMICS:   
Å Decreased ς to ς NO Cardiac Output 
Å Often patient PULSELESS during episode 
Å Patients often report SYNCOPE when TdP self-terminates. 
Å May DETERIORATE into VENTRICULAR  
   CL.wL[[!¢Lhb ŀƴŘ /!w5L!/ !ww9{¢Φ   όά{ǳŘŘŜƴ 5ŜŀǘƘέύ 

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 

ÅCongenital (14 subtypes) 



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



WHEN THE ñQUICK PEEKò METHOD for QT INTERAL EVALUATION IS 

APPLIED TO THE ABOVE ECG, WHAT IS THE RESULT? 

Chief Complaint:  ñGrand-Mal Seizuresò 

é. With NO postictal phase!   


