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Chapter 2: Heart Muscle Mechanics
SYSTOLIC PERFORMANCE OF THE VENTRICLE 
Systolic performance 
· Force generated by the ventricular muscle during systole 
· Determined by the number of cross-bridges cycling during contraction 
The more cross-bridges- the more force generated
Variables – affect the number of cross –bridges cycling (2 variables) and force of contraction and systolic performance:
· Preload 
– 1 variable- change in it (increase) – change cross-bridge (increase force of contraction)- almost in every clinical situation with some exception
· Contractility

is not synonym to force of contraction. The contractility is a one of 2 factors determined the overall force of contraction – completely independent of preload. If you give Change In force not explained on the preload - must have change in a contractility, because there are only 2 variables

low output heart failure (congestive heart failure)- force of contra heart ,muscle- decrease (not explained on preload)- change contractility
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Preload 
Prestretch on ventricular muscle at the end of diastole

· passive tension

· stretch sarcomere
Indices of left ventricular preload  - use it inmost cases, not right ventricle
· Left ventricular end diastolic volume (LVEDV) – one of the 2 best indices of preload – increase in LVEDV- greater preload- measure directly in the ventricle
· Left ventricular end diastolic pressure (LVEDP) – the greater pressure in the ventricle- the greater prestretch on the fiber
Less reliable indices of left ventricular preload – those measure outside the ventricle the farther from heart – the poorer the indices of preload
· Left atrial pressure – if increases- index of increases preload 
· Pulmonary venous pressure – rise in – greater preload
· Pulmonary wedge pressure – the poorest index- the furthest away from left ventricle, but it measured clinically, it is easy to measure, measure form a Swan-Ganz catheter (introduced into the systemic vein, pushed toward the heart
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The Preload Factor in Systolic Performance (Frank-Starling Mechanism) 

Increase in preload-- increase in sarcomere length –affect overlap of actynomyozin – not affect the number of cross-bridges --increase force of contraction

It’s similar to length- tension mechanism in skeletal muscle, but not identical. Passive-preload curve. 

Two curves- passive tension- diastolical (preload curve in skeletal muscle)

Total tension is not identical but similar to active tension curve – bell shape curve (has ascending, peak point and descending) very close to skeletal muscle.

In the peak point- there is total tension peak maximum during systole – not identical but close that initial LO leg of skeletal muscle.

In almost every clinical situation increase in preload on ventricular muscle- greater prestretch on sarcomere-increase force of contraction

Increase in preload- decrease force of contraction (in rarely situation)- further increase preload- further decrease force.
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Independence of Preload and Contractility 
The graph is not tested on step 1. 

y-axis- systolic performance- force of contrction -proportional to the number of cross-bridges cycling- on the preload on ventricle and a level of contractility. 

x-axis- index of preload. For left ventricle- is left ventricular end- diastolical volume or pressure. Represent normal preload on a ventricle under resting conditions. 

A- control level of performance

B- increase preload on ventricle- increase on systolic performance

C- Increase in sympathetic activity- more norepiniphrin-increase in contractility - more force of contraction. at the original preload.

D- Increase preload and increase sympathetic activity- a huge increase a force of contraction

Systolic Performance is overall force of contraction generated during systole 
· (A.) control resting state of heart 
· (B.) increase in preload only 
· (C.) increase in contractility only 
· (D.) increase in both preload and contractility 
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The Contractility Factor in Systolic Performance (Inotropic State) 
· A change in performance at a given preload 
· Acute changes due to a changes in calcium 
· Chronic changes due to loss of functioning sacromeres 
Looking into the muscle: acute- calcium dynamics: increase contractility- more Ca

Id drug increase contractility- we supply more CA- faster rate of machne

Chronic- lose functioning sarcomeres- lost contractility. During Q mark infarction- lose overall contractility- because you lose  functioning sarcomeres
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Indices of Contractility 
· Increased dp/dt 
· Increased ejection fraction 
Will be tested only 2 indices: 

1. Dp/dt change in pressure in the ventricle verse changes in time- rate you develop pressure during isovolumic contraction – index of contractility

increase dp/dt - increase contractility
2. Ejection fraction- fraction of blood you eject from ventricle, 

0.6 (60 %) of blood in the ventricle- at rest

0.5 (50%)- there is a problem with contractility – it’s clinical index measured by noninvasive technique.

Ventricular Pressure Tracing--four basic changes 

Solid line- ventricular pressure ( control )

Dash line- venrticaulr pressure after you increase contractility
· Develop pressure faster (increase dp/dt) (slope of the line) – release Ca faster- increase force of contraction
· Relaxation occurs faster 
· Systolic interval decreases(slope)- remove Ca faster to SR
· Contractility determines systolic interval –problematic – time spent in systole( 4) – increase contractility- decrease in systolic interval- heart relaxes faster- 
Increase in contractility- decrease , but increase preload- doesn’t causes change significantly systolic interval, so it doesn’t affect it
Heart rate mainly determines diastolic interval 

Increase in heart rate- decreases in diastolic interval

Increase overall sympathetic activity to the heart- decreases in systolic interval- due to increase in contractility, 

decrease in diastolic interval due to increase in heart rate 
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