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Heart-
mechanical properties
Laboratory exercise and seminar in medical physiology
Home preparation, study materials and learning objectives
Learning objectives – what you should learn?
• Describe the principles of blood pressure measurement and explain their limits 
• Justify blood pressure values in different parts of the vasculatute 
• Explain how circulation is provided by the mechanical side of the heart action 
• Explain the concept of cardiac work and understand the mechanisms that lead to its change 
• Describe the criteria that define cardiac output
Study materials
· Lecture 
· Textbook L. Constanzo – Physiology, 6th or 7th edition 
· Pages 154-167
Home preparation
BRING A STHETOSCOPE TO THE SEMINAR!
1. Draw into the graph the pressure and volume changes of the left ventricle during the cardiac cycle
2. Fill the following table:
	
	systolic pressure
	diastolic  pressure
	end-diastolic  pressure
	mean  pressure

	right atrium
	
	
	
	

	right ventricle
	
	
	
	

	a. pulmonalis
	
	
	
	

	left  atrium
	
	
	
	

	left ventricle
	
	
	
	

	aorta
	
	
	
	


Prepare answers to the following questions: 
Which value informs you what the blood supply is to the tissues? 
How does static and dynamic exercise affect the mechanical side of cardiac action?
How is it reflected in cardiac output? 
How to evaluate cardiac output? 
What is the heart output of athletes?
Background to the practical measuremets
(Based on the materials from Elportal Masarykova univerzita) 
1. MEASUREMENT OF BLOOD PRESSURE INVASIVE BLOOD PRESSURE MEASUREMENT - Swann - Ganz catheter 
The term invasive means that we will talk about methods that violate the integrity of the organism. We measure blood pressure (invasively) using a catheter, at the end of which there is a pressure gauge operating on the basis of the piezoelectric effect. This phenomenon can be observed in the grinding of some crystals (e.g. quartz SiO2) or in some organic polymers (e.g. polyvinylidene fluoride PVDF). These crystals are arranged in the catheters in the form of a piezoelectric membrane. Due to the action of external pressure, electric charges in the crystal lattice will move, which will be reflected in the creation of electric voltage. The voltage created in this way is directly proportional to the magnitude of the applied pressure and can be easily detected. The pressure gauge, if it is small enough, can be located at the end of the catheter (so it is inserted into the patient's body during the examination). However, the production of such small meters is relatively expensive, and therefore it is possible to use the second method: in this case, the catheter is terminated with a thin membrane and is filled with a liquid that approximates the properties of blood; due to the "incompressibility" of liquids, the pressure that acts on the membrane is transferred to the piezoelectric membrane, which is located outside the patient's body (the method is less accurate, since it is difficult to fill the catheter with a liquid that would 100% copy the properties of blood). We can perform catheterization: • right-hand side (we measure the pressure in the low-pressure system) • left-hand (we measure the pressure in the high-pressure system) During right-sided catheterization, we introduce the catheter into the veins (v. jugularis, v. femoralis, v. cubitalis, v. subclavia), then pass through the right heart (since we are going through the veins, we are going in the direction of the blood flow) to the lung. During left-sided catheterization, we introduce the catheter into the arteries (a. axillaris, a. brachialis, a. femoralis), through which we reach the aorta and through it to the left heart chamber (since we go through the arteries, we go against the direction of blood flow). The problem is measuring the pressure in the left atrium - if we continued from the left ventricle to the left atrium, there would be a risk of excessive damage to the valves (after all, we are going against the blood flow, which makes it difficult to control the catheter). The solution to the situation is to measure the pressure in the wedging – this is a right-sided catheterization, where we use the catheter to reach the lung through the right heart, and we continue through the lung as far into the pulmonary circulation until the catheter becomes wedged in one of the thin bronchial vessels. We refer to the pressure whose values ​​we obtain in this way as wedging pressure. This pressure corresponds to the pressure in the left atrium.
2. NON-INVASIVE BLOOD PRESSURE MEASUREMENT 
Indirect or non-invasive blood pressure methods can be divided into 4 groups: 
a) Riva-Rocci - palpation method 
b) Korotkov - auscultation method 
c) Automatic - oscillometric method 
d) Photoplethysmographic, volume-clamp – continuous BP recording method + hybrid auscultatory oscillometric etc. 
RIVA-ROCCI - PALPATION METHOD: A method that only measures systolic blood pressure. It is the oldest method from which the auscultation method is based. A pressure cuff is placed on the arm about 4 cm above the elbow socket. Thanks to the compliance of the arterial artery, the artery closes if we act on it with a pressure higher than the systolic pressure. At this moment, blood stops flowing through the artery and we stop feeling the pulse measured on the radial artery. At the moment when the external pressure drops below the systolic pressure level, the blood in the artery starts to flow again and we can feel the pulse. The method is imprecise for two reasons, and also for these reasons the measured pressure is lower than with other methods: 
(1) The measurement site is relatively far from the cuff, where blood flow is attenuated 
(2) The sensitivity of hand measurement is relatively low, the pulses are registered only at a higher oscillation
KOROTKOV - AUSCULTATION METHOD 
The auscultation method is based on the Riva-Rocci method. Thanks to the discovery of the sound phenomenon that occurs when an artery is compressed, it is possible to aurally associate the sound we hear in the stethoscope with the systolic and diastolic pressure. For measurement, we place the cuff at the level of the heart (a. brachialis) and inflate it to such a pressure value that we exceed the systolic pressure by 20-30 mmHg. We gradually drop (the mercury column drops by 2-3 mmHg per second), thus reducing the pressure in the cuff. The moment we hear the first murmurs, we read the MOT value. Noises arise based on the rules for laminar and turbulent flow. Just beyond the place where the flow has been narrowed, there is a faster flow and the formation of turbulent currents that vibrate the vessel wall. This is heard in the stethoscope. This is an indirect method, so we do not actually detect the systolic pressure directly, but its very close value. We continue to release the pressure in the cuff and hear alternating periods of silence (when the blood pressure is not high enough to overcome the pressure in the cuff - the artery is closed, blood does not flow) and periods of murmurs (when the blood pressure has already exceeded the pressure in the cuff - the artery is partially open, blood flows). By the time the murmurs disappear, the pressure in the cuff is so low that "any" blood pressure is greater than the pressure in the cuff (the artery no longer closes and opens, blood flows laminar). At the moment when the murmurs stop, we read the DBP value. The disadvantage of this method is its subjectivity and demands on the experience of the examiner, although even today there are automatic devices for auscultatory blood pressure measurement. Note: The formation of turbulent flow depends, for example, on the viscosity of the blood. Anemia reduces blood viscosity. This can result in murmurs not stopping (turbulent flow persists) during blood pressure measurement even when the cuff pressure drops below DBP.
OSCILLOMETRIC METHOD 
The oscillometric method detects vessel oscillations instead of listening to Korotkov sound phenomena. The cuff is placed on the arm as in the previous two methods. The cuff not only has the function of a pressure applicator, but also a pressure sensor (volume sensor). At the moment when the pressure in the cuff drops to the STK level, the vessel begins to open and close rhythmically. These changes in volume cause changes in pressure, which deflect the needle on the pressure gauge (the needle oscillates). The highest amplitude of oscillations is recorded as mean arterial pressure. The STK and DTK values ​​are calculated by the device from the knowledge of the mean arterial pressure and the amplitude of pressure oscillations. The model for calculating STK and DTK differs from device to device and is usually a manufacturing secret. Although all oscillometric sphygmomanometers are calibrated, the values ​​obtained may be inaccurate depending on different conditions. 
PHOTOPLETHYSMOGRAPHIC, VOLUME-CLAMP
 This method was discovered and developed by one of the pioneers of Czechoslovak physiology, Prof. Jan Peñaz. Digital photoplethysmography is a non-invasive method of continuous blood pressure measurement. It further differs from the non-invasive methods mentioned above in that at least a minimum blood flow is always ensured under the special cuff, which is equipped with an infrared diode and a photocell. The principle of this method is to ensure constant blood flow through the finger around which the cuff is wrapped. The device enabling continuous measurement of blood pressure is made up of a feedback control system, the so-called servo loop. In connection with the change in blood pressure in the artery, it can very quickly change the pressure in the cuff so that the passage of light through the examined finger remains constant and the volume of blood in the distal part of the finger so he didn't change. The function of the device's control system is to ensure that the pressure in the cuff corresponds to the pressure in the finger artery. To do this, he assembles a function block that evaluates the deviation between the required and the actual value of the pressure acting in the cuff. In response, the functional block generates a so-called action variable that regulates the cuff pressure so that a constant blood volume is maintained. The use of a diode providing light from the infrared region of the spectrum has its justification: It was found that in the region around the wavelength of 940 nm, the absorption of light by the blood is no longer dependent on degree of its oxygen saturation. As a result, the pressure in the cuff fluctuates in such a way that the cross-section of the finger artery does not fluctuate (hence the unloaded artery method). Under ideal conditions, the pressures acting on the arterial wall, the pressure of the blood from the inside and the pressure of the cuff from the outside, are balanced all the time (zero transmural pressure). A change in cuff pressure then corresponds to a change in arterial blood pressure. This method is unique in that it not only captures the SBP and DBP value, but records a continuous blood pressure curve.
24-HOUR BLOOD PRESSURE MEASUREMENT 
In the diagnosis of blood pressure disorders, a device for 24-hour blood pressure measurement is used. The examined person wears this blood pressure monitor throughout the day and every 15 to 60 minutes the pressure measurement is automatically started. The sphygmomanometer is often based on the oscillometric principle, less often the automatic auscultation method. The result is a time series of SBP and DBPK values ​​throughout the day. 
PRINCIPLES OF BLOOD PRESSURE MEASUREMENT 
When measuring blood pressure, it is important to keep in mind the mechanism of blood pressure measurement. The accuracy of the obtained values ​​depends on this. Both methods provide the STK value from one cardiac cycle and the DTK value from another. However, blood pressure naturally fluctuates even at rest, which means that we must not consider the obtained value as definitive. STK can vary by as much as 5 mmHg in 10 minutes apart. Continuous blood pressure measurement partially solves this problem, but on the other hand, it is time- and equipment-intensive. Principles of blood pressure measurement: The measured person should be physically and mentally calm, they should not drink alcohol before the measurement. It is better to take the measurements in the morning. During the initial examination, the pressure must be measured on both arms. The pressure should be measured three times, at intervals of at least five minutes (the average of the values ​​of the last two measurements is recorded). If elevated blood pressure is found, at least two more measurements should be taken during the month. The cuff must be the appropriate size. The cuff must be at the height of the heart. The measured person must not move during the measurement. The auscultation method requires a relatively quiet environment. The release of pressure in the auscultation method must be slow (approx. 2 mmHg/s) to get the correct pressure reading, but not too slow, because of possible pain in the limb.
Prepared by: Marie Žaloudíková, MD, PhD
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