Lecture 1 




                                                                         CARDIAC CYCLE 

Prerequisite Skills: Students should know: 
1.  the gross anatomy of the heart, particularly as related to the function of the atria, ventricle and cardiac valves. 
2.  the characteristics of cardiac muscle and how those characteristics relate to myocardial contraction. 
3.  the structure and function of the cardiac conduction system. 

Objectives: Completion of this material should provide a basic understanding of 
1. the sequence of cardiac electrical, mechanical, and auscultatory events during the cardiac cycle 
2.  energy usage and work output of the heart. 
3.  the significance of the pressure-volume loop 
4.  the intrinsic and extrinsic regulation of cardiac output 
5.  the concepts of preload, afterload and contractility and how they determine cardiac function. 
6.  the effect of ions on cardiac function 

       www.cardioliving.com/consumer/Heart/Images/Cardiac_Cycle.JP 
       www-medlib.med.utah.edu/kw/pharm/help.html 

       Also: if you go to a search engine and type in “cardiac cycle animation” you will get     many choices of programs.
Introduction 
  A. Arrangement of cardiac muscle spirals 


      1. Atria 


                    Function of the atrial muscle spirals 
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  2. Annulus fibrosus 
                    a. fibrous connective tissue 

                    b. separates the atrial syncytium from the ventricular syncytium 

                    c. allows one normal electrical pathway between the atria and ventricles 

                    d. "cardiac skeleton" for valve attachment 

                    e. origin and insertion of most cardiac muscle 

  3. Ventricles 
                    a. 2 anatomical layers of muscles 
                            one clockwise and one counterclockwise 
                            360 degrees from base ---apex ----base 
  

                    b. 3 major functional layers 
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   B. Differences between the left and right ventricles 
              1. shape 
                    conical  vs. crescent 
  

     
  2. muscle spirals 
  

   
  3. mode of contraction - left ventricle 
                    apex to base 
                    circular muscles 
  

          mode of contraction - right ventricle 
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            4. pressure 
                    a. left ventricle 
                       At rest                   systole - 120 mm. Hg. 
                                                    diastole -  0 mm. Hg.                 

   b. right ventricle 
                        At rest                  systole - 25 mm. Hg. 
                                                    diastole - 0 mm. Hg. 
   




             
The Cardiac Cycle
  I. Review of Cardiac Cycle 
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A. Definition 
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B. Phases: diastole and systole 



C. Effect of heart rate on cardiac cycle 
           1. at rest: diastole 2/3,  systole 1/3 
           2. increase rate: greatest decrease in diastole 


D. Atria as pumps 
 

   1.   "primer pump" 
         

   storage reservoirs 


          

    function 
                



    2.  atrial pressure waves: 
  

       a wave - atrial contraction 

     

    c wave - beginning of ventricular contraction 

     

    v wave - near end of ventricular contraction - atrial filling 

 

   3. atrial pressures 
     


    a. left atrial pressure range    0mm. Hg. during atrial diastole 
         


    maximum of  7 -8  during atrial systole 

       


    b. right atrial pressure range    0 mm. Hg. during atrial diastole 
          


    4- 5 during atrial systole 
           

      E. Ventricles as pumps 
                 "force pump" 

                 difference between right and left pumping characteristics
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  DIASTOLE       

    1. Isovolumic relaxation - early diastole or prediastole 

             valves   

      
heart sound 

             volume 
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             pressures


type of muscle relaxation

     2. Ventricular diastole -   3 phases 

         a. Rapid inflow 

               valves


  heart sound

               volume 

               pressure 
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          b. Diastasis - slow inflow  - slow heart rate    

          c. Atrial systole 

               valves 


  heart sound      

               volume        

               pressure   

                                    

         d. type of muscle relaxation in diastole 

  

 VENTRICULAR SYSTOLE - 2 phases 
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 1. Isovolumic contraction 

     valves 

    heart sound 

    volume 

    pressure 

    type of muscle contraction 
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 2. Ejection 

     valves 

    volume                           

    pressure 

    type of muscle contraction 

CONCEPTS ASSOCIATED WITH THE CARDIAC CYCLE 
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End-Diastolic volume - preload 

2. End-Systolic volume

3. Stroke volume output

4. Ejection fraction

5. Afterload
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F. Aortic Pressure Curve or pulse pressure curve 
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 Analysis of curve 

1. function of the aorta in maintaining systolic and diastolic pressure

2. pressure wave from aorta to the periphery

3. Incisura or dicrotic notch


a. cause


b. separates systole and diastole

 

4. pulse pressure  =
  

 *   know the location of pulse pressure, diastolic pressure, systolic pressure, dicrotic notch or incisura 

G.  Electrocardiogram 

      1. P wave 

      2. QRS complex 

      3. T wave  


H. Heart Sounds 

      Closure of valves 

       1. S1 

       2. S2 

      Diastolic ventricular filling 

       3. S3 

       4. S4 

	                                         EVENTS OF THE CARDIAC CYCLE


	Phases of the cardiac cycle
	Major Events
	ECG Events
	Valves
	Heart Sounds

	Prediastole 
Isovolumic Relaxation
	Ventricles relaxed  
Rapid pressure drop  
Ventricular volume does not change
	---
	Aortic semilunar  
valve closes
	Second heart sound caused by closure of the semilunar valves

	True Diastole 
Rapid Inflow  
  
  
  

 
	Ventricles relaxed  
Ventricles fill passively from atria  
Volume increases but pressure does not change
	---
	Mitral valve opens
	Third heart sound  
caused by rapid inflow

	Diastasis
	Continued ventricular filling from venous return
	---
	---
	---

	Atrial Systole
	Atria contract  
Final phase of ventricular filling
	P wave
	---
	Fourth heart sound  
caused by atrial systole

	Systole 
Isovolumic contraction
	Ventricles contract  
Ventricular pressure increases  
Ventricular volume does not change
	QRS complex
	Mitral valve closes
	First heart sound  
caused by closure of the atrio-ventricular valves

	Ejection

Ejection  con’t.
	First - ventricles contract & rapidejection into aorta  
Aorta reaches max. pressure 
Second - slower ejection  
Ventricular volume reaches minimum  
Ventricular pressure begins to drop
	T wave
	---Aortic semilunar valve opens
	---


  II. Work output of the Heart 
     

     A. Stroke work output 

           minute work output 

    

   B. Two types of work 

                        1. Volume-pressure work or external work (Potential energy of Pressure) 

                                      a. major energy usage 

                                      b. energy to move blood from low pressure venous system to 
                                          high pressure arterial system 

                       2. Kinetic energy of blood flow     

   C. Pressure-Volume Loop   

 
  


  
  

         

  1. Area of loop = total pressure-volume work during cardiac cycle 
  

              2. Work classified according to major load presented to heart 

                 a. venous return = volume load 

                 b. afterload = pressure load 

             3. Work demands with enlarged heart, increase venous return, increase                            
afterload 


  


III. Myocardial Function 
     4 factors - preload, afterload, heart rate, contractile state 
     (review not found in Guyton as a topic) 

          A. Preload - determines force of contraction 

                       1. Frank-Starling Mechanisms 
  

                       2. variables 
                                      a. venous return 

                                      b. compliance of the heart 

           B. Afterload -determines  ventricular wall tension during contraction 
                             Altered preload and afterload in disease 
  

           C. Contractility -   dp/dt 
                      a change in force development or shortening velocity NOT due to external 
                      factors such as preload or afterload   

           D. Heart Rate 
                         heart rate determines filling time and coronary blood flow


                         changes in output based on rate 




below 60 b/min




above 170 b/min
    


  
 


  IV. Cardiac Energy 
          A. Cellular adaptations 
  

          B. Nutrients 
  

          C. Determinants of myocardial oxygen consumption 

                       1.  oxygen use has linear relationship to work 

                       2. oxygen consumption is nearly proportional to tension development X duration of 
                          contraction 

                       3. the Tension-Time Index  can be used to determine work and oxygen 
                          consumption 

                           Work = tension dev. X duration of contraction 
                                                or 
                            Peak systolic pressure X heart rate 
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           D. Factors important in tension development 

                        1. Blood pressure (afterload) 

                        2. Diameter of the heart 
  

                            Law of Laplace 

                                T =    P X r 
                                           2h 

                T = tension development in the wall 
                                P = pressure 
                                r = radius 
                                h = wall thickness 

    As the radius of the heart increases wall tension increases to develop an equivalent 
                  pressure.  Work and oxygen demands increase. 

V. Regulation of Heart Pumping 


        Cardiac output = stroke volume X heart rate 
        Cardiac output at rest, exercise, sleep 

                A. Intrinsic regulation of cardiac output - due to characteristics of the myocardium 

                         1. volume - Frank Starling Mechanism  (length-tension relationship) 
                            regulation of stroke volume 
  

                         2. rate - atrial stretch   10-15% increase in heart rate 
                                       stretch of P cells increases the rate of rise of phase 4 of the slow 
                                       cardiac action potential 

               


 B. Extrinsic regulation of cardiac output 

                        1. Autonomic Nervous System 
                              Cardiac activity depends on: 
                                      a.. frequency of impulses 
                                      b. speed of conduction 
                                      c. force of contraction 
                                      d. excitability 
  

                        2.  ANS Regulation of cardiac function 
                                      a. intrinsic rate 

                                      b. parasympathetic and sympathetic tone 

                                      c. innervation 
                                                1) parasympathetic - cholinergic - acetylcholine 
                                                     vagus 

                                                      location of innervation 

                                                      action 

                                                2) sympathetic - adrenergic - norepinephrine 

                                                       location of innervation 

                                                      action 

                                       d. rate limitations 

                        3. Humoral regulation of cardiac function 
                           adrenal glands - epinephrine, norepinephrine 
  

  VI. Terminology 
             inotropic effect 

             chronotropic effect 

             bradycardia 

             tachycardia 

  VII. Hypoeffective vs. hypereffective heart 

             hypoeffective heart 
  

             hypereffective heart 
  

  VIII. Effect of ions on heart function 
          A. Potassium ions 
                         1. increase - hyperkalemia 
                            membrane potential closer to threshold 
                            shortens action potential 
                            dec. contractility 
  

                            ECG changes - tall peaked T wave 
  

                        2. decrease - hypokalemia 
                            increases myocardial irritability 
                            causes arrhythmias, muscle weakness 
  

                             ECG changes - low T wave and tall U wave 

          B.  Calcium - seldom a clinical problem 
                        1. increase - increase contractility (spasticity) 

                        2. decrease contractility (flaccidity) 

          C. Sodium - seldom a clinical problem 

                          regulated by the sodium pump and kidneys 
                          water intoxication - cardiac fibrillation 

  IX. Temperature 

            Affects membrane permeability 
  

