Lecture 2 



Rhythmical Excitation of the Heart

                              Guyton & Hall, Chapter 10 


OBJECTIVES: 
1.  For the understanding of the generation of the electrical impulses in the heart. 
2.  For the understanding of the components and function of the conduction system of 
     the heart. 
3.  For the understanding of the control of the excitation of the of the conduction 
     system. 

I. Specialized systems of the heart 
  
  A. Rhythmicity , Automaticity
       
  B. conduction of impulses through heart 
 
  C. contractions: 
      

  1. begins in atria 
         


   a. 1/6 of a second before the ventricular 
         


   b. allows extra filling of the ventricles 
      

  2. ventricular contraction 
          


   a. pump blood through: 
             


   1. lungs 
             


   2. peripheral circulation 
        


    b. all portions of the ventricles contract almost simultaneously 
         


    c. insures effective pressure generation in ventricular chambers 
   
 

II. Special Excitatory and Conductive System of the Heart 
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A.. sinus node = sinoatrial node = S-A node 
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  1. site of normal rhythmical impulse 
     
  2. small, flattened, ellipsoid strip of specialized muscle 
     
  3.. located in superior lateral wall of the right atrium 
     
  4. almost no contractile filaments 
               5. Automaticity  - self-excitation
           

 a. ​ sodium in the extracellular leaks into cells 
           

 b. low threshold for discharge - near resting potential 
           

 c. leakiness of cells leads to self-excitation. 
      

 d.. controls rate of entire heart 
               7. resting potential: 
                           a. -55 to -60 for the SA node 
                           b. -85 to -90 for the ventricular muscle fiber 
               8.. membrane ion channels: 
                            a. fast sodium channels  -. blocked by voltage of less than -60mv 


  b. slow calcium-sodium channels 
            


 1. cause action potential 
           


 2. action potential and recovery are slow 
            


 3. become activated at about -40 mV 


B. Internodal pathways 
        1. conduct  the impulse from the S-A node to A-V node 
        2. action potential spreads through the entire atrial muscle mass 
        3. velocity of conduction = 0.3 m/sec. in atrial muscle
        4. atrial muscle fiber bundles:   velocity 1 m/second
           

 a. anterior interatrial band 
              

  1. passes through anterior walls of atria to left atrium 
b. anterior, middle, and posterior internodal pathways 
             
   1. similar to Purkinje fibers 
             
 C. atrioventricular node = A-V node 
      

 1. delays impulse from atria before passing into the ventricles 
       

 2. allows for the emptying of the atria before ventricular contraction 
      

 3. located in the posterior septal wall of the right atrium behind the tricuspid 
           

     valve and adjacent to the opening of the coronary sinus 
      

 4. conduction delay ~ 0.13 sec. from AV node to AV bundle 
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5. transitional fibers 
          

 a. cause conduction delay into AV node 
           

 b. small fibers 
          

 c. connect atrial fibers to AV node 
          

 d. 0.02 to 0.05 m/sec. = velocity 
  D.   A-V bundle  (Common Bundle or Bundle of His)
      
        1. conducts impulse from atria into the ventricles 
                     2. Purkinje fibers originate here 
                     3. one-way conduction of impulse 
                     4. except in the AV node, the atria and ventricle are separated by               

   
            a fibrous band 
  E. left and right bundles of Purkinje fibers 
      
   1. conduct cardiac impulse throughout the ventricles 
    
   2. start in the AV node, pass through AV bundle into ventricles 
     
   3. characteristics: 
          

  a. large fibers 
          

  b. velocity = 1.5 to 4.0 m/sec. (6X that of cardiac muscle 
          

  c. allows for immediate transmission throughout the ventricle 
                4. bundle branches: 
         

   a. lie beneath the endocardium 
          

   b. pass downward in the ventricular septum for 5 to 15 mm toward 
              
       the apex 
          

    c. terminal Purkinje fibers penetrate about 1/3 of the way into the 

                   muscle  mass and become continuous with cardiac muscle fibers 
            

    d. time of travel though the ventricles = 0.03 sec 
    F. Transmission into cardiac muscle 
      
    1. transmission leaves Purkinje fibers and passes into 
                   ventricular muscle mass 
      
    2. velocity = 0.3 to 0.5 m/sec. (1/6 of Purkinje fiber) 
                 3. muscle wraps around the heart in a double spiral 
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G. Depolarization Pattern in the Ventricles


1. Septum



2. Major muscle spirals from base to apex




3. Base of the heart

H.   Other areas that can assume automaciticy


1.. P cells in A-V node


2.. Purkinje cells



3.  “Escape” rhythm”
NORMAL ECG 


Objectives: Completion of this material should provide a basic understanding of 
1.  the electrical basis for the electrocardiogram. 
2.  the organization of the electrocardiogram. 
3.  how changes in the waves, segments and QRS complex relate to cardiac pathology. 
4.  how to calculate the heart rate from the ECG. 
5.  Einthoven's Law. 
6.  the three types of leads used to record the 12 lead ECG. 
II. The Normal Electrocardiogram 

 
A. Organization of ECG 
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       A. Standardization 
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              1. time: standard paper speed 25mm./sec. 

                      1 large square  ( 5 mm. )  = 0.2 sec. 
                      1 small square ( 1 mm. )  = 0.04 sec. 

           


   2. voltage: 

                      1 large square ( 5 mm. ) = 0.5 mV. 
                      1 small square (1 mm. ) = 0.1 mV. 

              3. wave forms 

                     a. direction 
                        positive, negative, equiphasic, isoelectric or baseline 
                        determined by the direction of depolarization relative to the lead of axis 

                        In the illustration below the lead of axis is the line from the negative to the positive 
                                Depolarization toward the + electrode causes  the recording to be positive 

                                 Depolarization toward the - electrode causes the recording to be negative 

      Depolarization perpendicular to the lead of axis results in a baseline

     recording or equiphasic recording
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                         b. magnitude 

                               1) direction of current flow relative to the lead of axis 

                               2) muscle mass being depolarized 
  

                     c. time factor     
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The process of depolarization and repolarization result in two waves that have equal areas.       The total voltage recorded is the same. The time factor affects the amplitude recorded. 
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  B. Analysis of waveforms ( Lead II ) 
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C. ECG waveforms from a Lead II electrocardiogram
	Waveform
	Event
	Characteristics
	Illustration

	P Wave
	atrial depolarization 
	symmetrical and positive in Lead II  
not more than 2.5 mm in height or o.11 seconds in length
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	P - R interval
	from the beginning of the P wave to the beginning of the QRS complex
	Normal: 0.12 - 0.21 seconds  
Greater than 0.21 is a first degree A-V Junction block
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	QRS Complex
	ventricular depolarization
	Normal: 0.06- 0. 09 seconds  
greater than 0.10 is an incomplete block 
greater than 0. 12 is a complete block 
Q = first negative deflection 
R = first positive deflection 
S = any negative deflection after an R wave
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	J Point
	point at which the QRS complex returns to baseline
	0 potential, no current flows at this time  
the ventricles are completely depolarized
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	S - T Segment
	from the J point to the beginning of the T wave 
	should be isoelectric or 0 potential, + or - 1 mm. variance is normal  
elevation or depression may indicate ischemia, infarction or pericarditis
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	T Wave
	ventricular repolarization 
	usually asymmetrical  
positive in most leads  
voltage: should not exceed 5 mm. in height
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	Q - T interval
	time period of ventricular contraction
	time is variable, depends on heart rate
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	U Wave
	wave of unknown origin  
occurs after the T wave
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        D. Refractory periods in relation to ECG complexes 

                1. ARP - absolute refractory period, begins with the QRS complex and continues to the 
                    beginning of the T wave 

2. RRP - relative refractory period, begins with the T wave and ends about 3/4 through the T wave 
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III.
12 Lead Electrocardiogram 

                      A. Standard limb leads  - bipolar 

                            1. measure frontal plane from R. to L. or inferior to superior, 3 electrodes and 1 
                                ground 

                           2. Leads I, II, and III orientation 

    placement of the leads for the Standard Limb Leads 
               

   a) I  -  negative electrode on the right wrist, positive electrode on the                        


            left  arm

                b) II - negative electrode on the right wrist, positive electrode on the left      
           leg 
               c) III - negative electrode on the left wrist, positive electrode on the left   
             leg 

                         



   3. Einthoven's triangle - formed from a combination of the three standard limb 
                                leads 
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                            4. Einthoven's Law - the algebraic sum of the voltage of the QRS complex of 
                                Leads I and III = Lead II 
  
  

                  B. Augmented leads  - unipolar 

                            1. ECG machine magnifies potential 
                            2. measures frontal plane 
                            3. 3 leads connected as a single electrode 
          ` 
                               aVl - left arm 
                               aVf - left foot 
                               aVr - right arm   
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4. Combination of Leads I,II, and III with the augmented leads 
                                I,II,aVl = left lateral surface 
                                III, aVf = inferior surface 
                                aVr = right atrium    

  C. Precordial leads   -  V 1 - V 6 - unipolar 

             + lead on the chest 
             - leads combined on RA, LA, & LL 

             measure on a horizontal plane 
             best for ventricular activity 
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       V 1 & 2 - right ventricle 

       V 3 & 4 - septum/apex of ventricle 

       V 5 & 6 - ant. & lateral walls of the L ventricle 





 

