Worksheet

Cardiac Cycle

I.
Structure/Function Relationships

A.
Atria



1.
On the diagram below, name & label the fibers associated with the individual 





atria.


2.
On the diagram below, name & label the fibers that wrap around both atria.




a) What is the function of both types of atrial fibers?
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3.
On the above diagram, label & name what is referred to as the "skeleton of the heart."




a) Why is the term, "skeleton of the heart" such an appropriate name?




b) Functions of the skeleton:





i. Why is considered to act as an "insulator?"





ii. How does it act to prevent backflow of blood to the great veins?





iii. How is cardiac muscle associated with the skeleton?
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B.
Ventricles



1.
The ventricles have 2 anatomical layers of muscles, how do these layers run?



2.
The ventricles also have 3 major functional layers. Name them.



3.
Draw a picture that depicts these 3 layers in a transverse section thru the heart 




wall & how these fibers run in each layers (oblique, circular or longitudinal).



4.
What is the significance of these 3 major functional layers?



5.
Differences between left & right ventricles: 



a) Label the right ventricle (RV) on the picture.  How would you describe the shape of the right 



    RV & the thickness of its wall?
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i) When it contracts, the concave outer wall moves toward IV septum with what is 




    referred to as a __________-like action.  Draw arrows to depict the movement of 




    the RV wall when it contracts.




ii) What level of pressure does the RV generate during contraction?

· What type of pump is the RV? 

iii) How does the structure of the RV correlate to its  function?
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b) Label the left ventricle (LV) on the picture.  How would you describe the shape of the LV & 



    the thickness of its wall?





i) Contraction of the longitudinal & oblique muscle fibers results in what changes in 




the heart? Draw red arrows to depict these movements.




ii) Contraction of the circular muscle fibers results in what changes in the heart? 




Draw blue arrows to depict these movements.





iii) What level of pressure does the RV generate during contraction?

· What type of pump is the LV?  

iv) How does the structure of the LV correlate to its function ?

II.
The Cardiac Cycle- Review

A.
Definitions


cardiac cycle =


systole = 



diastole =


B.
Diastole comprises what fraction of the cardiac cycle at rest? What happens when heart rate increases?


C.
Atria



1.
Why are the atria considered to be "primer pumps?"  



2.
What is the importance of the atria during exercise?



3.
How much blood (%) volume is moved by the atria?



4.
What pressures are generated during atrial systole?



5.
Atrial pressure waves- Fill in the a wave, c wave and v wave on the diagram.  Determine if the statement 


refers to the a , c or v wave.
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a) Generated during atrial systole _____



b) Generated during ventricular systole



 (more than one answer may apply) _____



c) Generated during the ejection phase of



 the cardiac cycle _____



d) Generated during the isovolumic contraction phase of 



 the cardiac cycle _____



e) Generated during ventricular diastole _____



f) Increase in pressure due to the gradual increase in blood volume as the atria fill _____



g) Small increase in pressure caused by the pressure of ventricles pushing against the atria _____
D.
The ventricles are classified as ________ pumps, which explains why the thickness of the wall of the ventricles 

is greater than the wall of the atria.


III.
Major Phases of the Cardiac Cycle


A.
"The Big Picture"



1.
Diastole is when cardiac muscle is _______ (relaxing or contracting).  




a) It is comprised of two major components- Name them.




b) The 2nd components is further divided into 3 parts- Name them.



2.
Systole is when cardiac muscle is _______ (relaxing or contracting).  




a) It has two components- Name them.


B.
Ventricular Diastole 



1.
Name the phases in which the following events occur (Be specific)- More than 1 answer may be correct.


a.  
associated with no changes in volume (isovolumic)  _____________________


b.  
isotonic relaxation _____________________


c.
associated with a very rapid drop in pressure _____________________


d.
ECG event associated with this phase is P wave _____________________


e.
semilunar valves are closed; AV valves closed _____________________


f.
S3 heard _____________________


g.
isometric contraction _____________________


h.
S2 heard _____________________


i.
associated with a temporary increase in pressure _____________________


j.
isotonic contraction _____________________



h.
associated with a large increase in volume _____________________



i.
semilunar valves are closed; AV valves open  _____________________



j.
associated with a small-moderate increase in volume _____________________



k.
S4 heard _____________________


2.
Although there is NO significant increase in pressure during the period of rapid inflow, there is a 

significant increase in volume. Why?
C.
Ventricular Systole 

1.
Name the phases in which the following events occur (Be specific)- More than 1 answer may be correct.



a.
AV valves are open initially, but close as apex moves toward the base; SL closed __________



b.
isotonic contraction __________________



c.
early rapid decrease in volume __________________



d.
1st heart sound heard __________________



e.
rapid increase in pressure __________________



f.
isometric contraction __________________



g.
as volume decreases, pressure decreases ​__________________


h.
SL valve open, AV closed __________________



i.
ECG event associated with this phase is  the QRS complex ​__________________



j.
ECG event associated with this phase is the T wave __________________


Additional Cardiac Cycle Review

For each phase of the cardiac cycle:

(1) Draw in arrows to indicate direction blood flow

(2) Draw in the heart valves to indicate whether they are open or closed.

(3) Color in the relative amounts of blood within each chamber or arterial trunk.

Diastole
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Isovolumic Relaxation

Rapid Inflow


Atrial Systole


Systole


Isovolumic Contraction

Ejection
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D.
Concepts Associated with the Cardiac Cycle



1.
Fill in the diagram:



End diastolic volume (EDV)



Stroke volume (SV)



End systolic volume (ESV)



Whether the Av & SL valves are open or closed



2.
Name the phase of the cardiac cycle represented by number:




1)




2)




3)




4)




5)




6)



3.
Afterload or preload?



a) Which is a pressure load? What determines this pressure?




b) Which is a volume load? What determines this volume?



4.
What are the average values for the following cardiovascular parameters?


 
SV=   ________ mL

ESV =  ________ mL

EDV = ________ mL



5.
Ejection fraction


a) Define ejection fraction:



b) What is the minimum value for the ejection fraction in a normal functioning heart?



c) Why is it such a critical evaluation tool for cardiologists?
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E.
Aortic Pressure Curve


1.
On the diagram of the aortic & ventricular pressure curves, label:




a) aortic pressure curve




b) ventricular pressure curve




c) AV valve opens




d) AV valve closes




e) SL valve opens




f) SL valve closes



2.
Fill in the boxes to indicate aortic valve open or closed.



3.
Name the phase of the cardiac cycle is represented by the number:




1)




2)




3)




4)




5)




6)


F.
Pulse Pressure Curve


1.
The __________________ on the aortic pulse pressure curve is a result of the reflux of a small 


amount of blood back to aortic SL valve & coronary vessels. Label it on the diagram.



2.
This backflow of blood does what to the aortic SL valve?  Label this point on the diagram.



3.
What structural characteristic of the aorta allows it to stretch to accommodate the volume of ejected 


blood(stroke volume)?




a) 
The above named characteristic has a profound effect on the ability of the aorta to act as a 



______ 
pump, which minimizes aortic pressure during ________ and maximizes pressure 



during _________, which helps maintain flow to the periphery.



4.
Label the location of the following on the curve:



a) systolic pressure




b) diastolic pressure




c) pulse pressure (this is generated as a result of the ___________ of the aorta)






G.
ECG


1.
What wave represents repolarization of the ventricles?



2.
What wave represents depolarization of the ventricles?



3.
What wave represents depolarization of the atria?



4.
Why is the wave that represents repolarization of the atria absent?


5.
What event occurs at the peak of the P wave?



6.
What event occurs at the peak of the R wave?


H.
Heart Sounds


1.
Which heart sound(s) could be heard during atrial systole?



2.
Which heart sound(s) could be heard during ventricular systole?



3.
Which heart sound(s) could be heard during ventricular diastole?



4.
Which heart sound(s) are filling sounds?


5.
S2 is associated with closure of the ______ valves at the beginning of isovolumic _____________.



6.
S1 is associated with closure of the ______valves at the beginning of isovolumic ______________.

IV.
Work Output of the Heart - 

A.
Matching

_____ Represents only about 1-4% of work of the heart

(A)
stroke work output

_____ # ATP to pump blood/min



(B)
minute work output


_____ Energy required to keep blood moving


(C)
volume-pressure work

_____ Represents the major energy usage of the heart

(D)
kinetic energy of blood flow

_____ Energy required to move blood from the low pressure

            venous system to high pressure arterial system


B.
Pressure-Volume Loop


1.
The area of the loop represents the total _________ work during the cardiac cycle.



2.
Indicate on the picture the following:




(a) SL opens




(b) SL closes




(c) AV opens




(d) AV closes




(e) ESV




(f) EDV




(g) SV




(h) period of true diastole




(i) period of isovolumic contraction




(j) ejection phase




(k) isovolumic relaxation



3.
Draw a line thru the graph which would separate diastole from systole.



4.
The heart has to work harder under conditions of increased venous return, afterload and contractility.



(A) 
Extend the following loops to represent the increased workload of the heart under each 



condition. Shade in the areas which represent the additional work of the heart.





(preload


(contractility


(afterload



(B)
Which of the above has the largest effect on workload?



(C)
Increased contractility can result from an increase the activity of which division of the 



autonomic nervous system?





i.
This increased nervous activity increases the availability of which ion?

V.
Myocardial Function

A.
Four factors affect the function of the myocardium, preload, afterload, heart rate and contractile state.



1.
Which factor determines the force on contraction for each stroke?



2.
Which factor determines filling time?



3.
Which factor determines ventricular wall tension during contraction?



4.
Which factor is a change in force development or shortening velocity which is NOT due to external 


factors such as preload or afterload?



5.
Which factor will affect coronary blood flow?



6.
Which of the 4 factors is a HUGE determinant in work?



7.
What 2 variables will determine the effect of preload on force of contraction?


B.
Heart rate and cardiac output


1.
Bradycardia is a condition in which heart rates are _________ bpm.




(a) How does it affect filling time?




(b) How does it affect stroke volume?



2.
Tachycardia is a condition in which heart rates are __________ bpm.




(a) How does it affect filling time?




(b) How does it affect stroke volume?

  VI.
Cardiac Energy

A.
Cellular adaptations 




1.
Compare the following to other tissues:




Mitochondrial size




Mitochondrial number




Vascularity




Respiratory pigment


B.
Nutrients 


1.
What type of metabolism does the heart rely on for its energy supply?


2.
Which metabolites will the heart use for energy?  What is its favorite?

C.
Determinants of myocardial oxygen consumption


1.
What is the relationship between oxygen usage by the heart & work?



2.
The tension-time index can be used to determine work & oxygen consumption:



Work = tension development x duration of contraction OR



          ________________ x ________________ 


3.
Which number on the tension-time index plot represents-?










a) SL valve closure 
____




b) SL valve opening
____




c) atrial systole 
____




d) isovolumic contraction ____




e) ejection ____




f) peak systolic pressure ____



4.
What is the effect of an increase in peak systolic pressure 




(a) on tension development?




(a) on workload of the heart?


5.
What is the affect of an increase in the duration of isovolumic contraction on the workload of the 


heart?



6.
As the radius of the heart increases wall tension _________ to develop an equivalent pressure.  As a 


result, work & oxygen demands of the heart _________.



7.
As one increases wall thickness, what happens to wall tension?

VII.
Regulation of Heart Pumping


Cardiac output =  __________ x _________



What is CO at rest? What is the approximate upper limits of CO?


A.
Intrinsic or extrinsic regulation of cardiac output?


1.
Which is truly innate; due to characteristics of the myocardium?



2.
Which is important when one exercises?



3.
Which responds to outside forces/factors?


B.
Intrinsic Regulation



1.
Name the 2 factors that are involved in intrinsic regulation.


C.
Extrinsic Regulation


1.
Parasympathetic or Sympathetic?



a) Innervates pretty much all parts of cardiac system (muscle, conduction system) ______________




b) Has no affect on contractility ______________




c) Norepinephrine is the neurotransmitter ______________




d) In charge most of the time ______________




e) Little to no innervation of ventricles ______________




f) Acetylcholine is the neurotransmitter ______________




g) Important during stress ______________




h) Affects heart rate and contractility ______________



2.
If the intrinsic rate of the heart is about 100 bpm, why is the average resting heart rate about 70-80 


bpm?



3.
As one gets older, what happens to the maximum heart rate?



4.
Epinephrine & norepinephrine released by the adrenal glands can affect cardiac function in areas that 


are not innervated? How can this happen?

VIII.
Terminology

Matching.


(a) increased contractility






hypernatremia


(b) heart rate greater than 100 bpm





positive chronotropic effect


(c) pumping effectiveness of heart increased




bradycardia


(d) decreased blood calcium
levels





negative inotropic effect

(e) elevated blood potassium levels





hypercalcemia


(f) decreased blood sodium levels





negative chronotropic effect

(g) heart rate below 60 bpm






hypereffective heart

(h) decreases heart rate






hyponatremia













positive inotropic effect












hypoeffective heart











hypocalcemia











tachycardia

IX.
Effects of Ions & Temperature on Cardiac Function

A.
Clinically which ion imbalance is considered to be the most significant?


B.
What ion imbalance results in an abnormal low T wave and tall U wave on an ECG?


C.
Which would result in a flaccid heart- hypocalcemia or hypercalcemia?


D.
Dehydration causes what ion imbalance?  How does this affect the heart?


E.
What ion imbalance results in the heart skipping beats or an irregular heart beat?


F.
What ion imbalance results in an abnormally high T wave on an ECG?


G.
Which would result in spasticity of the heart- hypocalcemia or hypercalcemia?


H.
Increased temperature _________ heart rate by increasing rate of _______ flux thru the membrane.
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