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Practical class 1. Mechanical and electrical properties of the heart muscles. Cardiac cycle





The questions for self-study


Anatomic considerations of the heart.


Morphology of cardiac muscle.


Electrical properties.


Resting membrane.


Action of potentials.


Correlation between muscle fiber length and tension.


Cardiac hypertrophy.


Metabolism of the heart.


Properties of the cardiac muscle.


Automaticity of the heart. Anatomical substratum and nature of automaticity ( characterize the conduction system).


Speed of spread of cardiac excitation.


Action of pacemaker and contractile cardiac cells. Their characteristic and comparison.


The heart as a pump.


Mechanical events of the cardiac cycle.


Events in late diastole.


Atrial systole.


Ventricular diastole.


Early diastole.


Length of systole and diastole.


Arterial pulse.


Atrial pressure changer and the jugular pulse.


Heart sounds. 


Murmurs.


Methods of measurement of cardiac output.


Cardiac output in various conditions.


Factors controlling cardiac output.


Relations of tension to length in cardiac muscle.


Factors affecting end-diastolic volume.


Myocardial contractility.


Integrated control of cardiac output.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 74-77, 528-530, 545-555.


Practical work № 1





Automaticity of heart and its dependence�on temperature





The aim of work: To be convinced that the physiological processes, including automaticity of heart, noticeably depend on temperature.


Technique: Remove the brain and destroy the spinal cord at the frog. Open the chest and nake heart. Count the rate of heart beating per one minute. Write down some normal heart beating on a tape of a cymograph. Then, continuing record, plentifully water heart with a physiological solution at temperature 50 C. Mark changes of frequency and force of heart beating. Further act on heart at first with solution at temperature 250 C, and then – 34-350 C (but not higher than 350 C), each time marking changes of heart beating frequency.


Write down the results (heart beating frequency). Make a conclusion about influence hypothermia and hyperthermia on automaticity of heart.


Results:




















Conclusion:











Practical work № 2





The analysis of conduction system of heart


(Stannius’s experiment)





The aim of work: To reveal localization of the basic centers of automaticity in heart, presence of an automaticity gradient and leading role of sinoatrial node (Remack node in frog) in chronotropic function of heart.


Technique: Remove the brain and destroy the spinal cord at the frog. Open the chest and nake heart. Count the rate of heart beating per one minute. Put on the first ligature between venous sinus and atrium. Describe the state of heart and count the number of sinus contractions. Not waiting of restoration of atriums and ventricles contractions and not removing first ligature put on the second one between atriums and ventricles. Describe the state of heart and count number of atriums and ventricles contractions per one minute. Put on the third ligature – tie up a top of heart (lower one third of ventricle) describe the state of heart. Stimulate a top of heart with an injection, note its reaction. Draw the schemes of putting on of Stannius’s ligature on frog’s heart. Write down results (change of heart beating). Make conclusions about dependence the rate of heart beating on localization of the automaticity centers of heart.


Results:




















Conclusion:











Practical class № 2. Clinical electrocardiography





The questions for self-study


Electrocardiography.


Standard leads normal electrocardiogram in human (I, II, III).


Unipolar (V1-V6) leads.


Waves of ECG, nature of its waves, clinical significance.


Fundamentals of the electrophysiology of the heart (cardiac action potential, the physiological basis of the shape of the cardiac action potential; the fast channels and the slow channels; spread of activation; volume conductor).


Correlation of the action potential with the clinical EEG waves.


The cardiac vector.


Cardiac arrhythmias.


Normal sinus rhythm (NSR).


Bradycardia and tachycardia.


Nature of sinus arrhythmia.


Abnormal pacemakers.


Complete (third-degree) heart block:


idioventricular rhythm;


AV nodal block;


infranodal block;


Stockes-Adams syndrome.


Incomplete heart block:


first-degree heart block;


second-degree heart block;


Wenckebach phenomenon.


Right or left bundle branch block.


Hemiblock or fascicular block.


Bifascicular or trifascicular block.


Ectopic foci of excitation


Atrial arrhythmias.


Causes of atrial extrasystole, atrial tachycardia, atrial flutter, atrial fibrillation.


Consequences of atrial arrhythmias.


Ventricular arrhythmias.


Paroxysmal ventricular tachycardia.


Ventricular fibrillation.


Accelerated AV conduction:


Wolff-Parkinson-White syndrome.


Lown-Ganong-Levine syndrome.


Electrocardiographic findings in other cardiac and systemic disease.


Myocardial infarction.


Effects of changes in the ionic composition of the blood.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 530-544.





Practical work № 1





ECG (electrocardiogram) – the method�of heart electrical activity registration





The aim of work: Acquaint with registration of electrical activity of heart and learn bases of registration ECG at standard leads.


Technique:


1. Definition of heart beating frequency on the duration cardiointerval. Measure in millimeters distance from one top of R wave up to the following top R wave. 


Determine the duration R-R of an interval in seconds. For this purpose it is necessary multiple quantity of millimeters (the R – R interval) by 0,02 (speed tape moving 50 mm per second, hence, value of one division of 1 mm is equal 1/50 – 0,02 seconds). For determination of the hear beating rate per 1 minute it is necessary 60 (there is 60 seconds in one minute) divide into duration of R-R interval in seconds.


2. Amplitude – temporary characteristic of waves and intervals at rest. Measure amplitude (voltage) of ECG waves in three standard leads in mm. Transfer result in millivolts (1 mV – 10 mm). Bring the data in the table.


The wave amplitude is measured in mm from the wave top to its basis up to isoelectric line. Measure the duration of R, Т waves; of QRS complex and the duration of Р-Q and Q-Т intervals, in mm.


Transfer results to seconds, multiplying the received value by 0,02. The data to bring in the table. The measurement of the wave duration and intervals is carried out at the second standard lead.


The waves are measured:


R-from the beginning up to the end of the R wave;


Т-from the beginning up to the end of Т wave; 


QRS complex – from the beginning of Q wave up to the end of the S wave; 


P-Q intervals – from the beginning of the Р wave up to the end of the Q wave;


Q-Т – from the beginning of the Q wave up to the end of the Т wave.


3. Estimation of an orientation of a vector (or electrical axis of heart) in a frontal plane.


Construct the Einthoven’s triangle (the equilateral triangle with the side = 10 cm, directed by top downwards). The basis of a triangle corresponds to the first standard limb lead, left side (aVR) – the second lead, right side (aVL) – the third lead. From tops of a triangle build up heights on the opposite sides and mark the center of a triangle in the point of crossing of middle lines.


Measure the QRS complex value at the first standard lead. The value of Q and S waves take with the negative sign (minus, «–»), and R wave – with the positive sign (plus, «+»). The value of waves is determined in mm. Calculate the arithmetic sum of these waves. Similarly measure value of the QRS complex at the III standard lead. Calculate the arithmetic sum.


The summary value of the QRS1 complex lay on the top side of the triangle. If this value is positive, it is laid to the right from the middle point, if negative, to the left. 


The summary value of the QRS3 complex lay on the right side of the triangle. If it is positive, it is laid downwards from the middle point, if negative – upwards.


Construct perpendicular lines to the top of the I-st and the III-rd vectors that they would be crossed. The crossing point connect with the center of a triangle and receive the summary value of the vector in the I-st and III-rd standard leads and direction of electrical axis of heart. For its definition in degrees build up the straight, parallel to the basis line through the center of the triangle and measure by an alidade the angle between the middle line and the received vector (the angle α).

















Table 1


Wave�
Duration�
Voltage�
�
�
�
1st lead�
2nd lead�
3rd lead�
�
�
Mm�
Seconds�
mm�
mV�
mm�
mV�
mm�
mV�
�
P�
�
�
�
�
�
�
�
�
�
Q�
�
�
�
�
�
�
�
�
�
R�
�
�
�
�
�
�
�
�
�
S�
�
�
�
�
�
�
�
�
�
T�
�
�
�
�
�
�
�
�
�
QRS�
�
�
�
�
�
�
�
�
�
P-Q�
�
�
�
�
�
�
�
�
�
Q-T�
�
�
�
�
�
�
�
�
�



Table 2


Sector�
The position of the vector of the electrical�axis of the heart�
�
from 00 up 900�
Deflection of the vector to the left�
�
from 00 up 200�
Horizontal position of the vector�
�
from 300 up 600�
Normal position�
�
From 700 up 900�
Vertical position of the vector�
�
From 900 up 1800�
Deflection of the vertical axis to the right�
�



Check up correctness of definition of the electrical axis using the six-axial scheme. For this purpose lead a circle in radius 5 cm and divide it into 12 sectors. To the right side mark positive values (30, 60, 90, 120, 150, 180 degrees), to the left side negative values (fig. 1).


On the axis of the I lead lay on the arithmetic sum of QRS waves in the I lead taking into account the received sign (positive or negative). On the axis of the III lead lay on the arithmetic sum of QRS waves received in the III standard lead. Build up perpendiculars from the end of the received vectors. Connect the point of crossing with the center of the circle. It will be the direction of the electrical axis of the heart.











Example						Your results





The value of the waves in the Ist lead (in mm)


Q = –2


R = +15


S = –3


( = +10


The value of the waves in the IIIrd lead (in mm)


Q = –1


R = +10


S = –4


( = +5�
The value of the waves in the Ist lead (in mm)


Q = 


R = 


S = 


( = 


The value of the waves in the IIIrd lead (in mm)


Q = 


R = 


S = 


( = �
�






Example
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Your results
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Conclusion:














Practical class № 3. Regulation of cardiac activity





The question for self-study


Cardiac innervation. Influences of sympathetic and parasympathetic nerves on the heart.


The heart nerves tone. Mediators in the heat (chemical nature, influences).


Vasomotor control.


Afferents to the vasomotor area.


Somatosympathetic reflex.


Baroreceptors.


Carotid sinus and aortic arch.


Buffer nerve activity.


Atrial stretch receptors.


Role of baroreceptors in endocrine defence of ECF volume.


Bainbridge reflex.


Left ventricular receptors.


Normal heart rate and its variations.


Mechanism of control of heart rate:


Reflex regulations:


Centers.


Sympathetic and parasympathetic supply.


The reflexes:


Reflexes arising from the systemic arteries (baroreceptor reflex; chemoreceptor reflex).


Reflexes arising from the heart:


Baroreceptors are present in the left ventricle;


Coronary chemoreflex (Bezoldjarisch reflexes);


Atrial receptors (Bainbridge reflex).


Influences from the Higher Centers.


Limbic system, emotion and the heart rate.


Chemical regulation of the heart rate.


Thermal regulation.


Conditions affecting the heart rate:


Physiological:


muscular exercise;


sinus arrhythmia;


rage and panic;


a meal;


posture;


pregnancy;


athletes;


sleep.


Pathological.


Fever, circulatory shock, paroxysmal tachycardia, thyrotoxicosis.


Heart block and myxedema, viral infections, enteric fever.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book 574-587.





Practical work № 1





The Heart’s Reflexes





The aim of work: To be convinced that the stimulation of some receptor zones reflex influences on the heart activity through the centers of sympathetic or vagus nerves. This influence is shown or in rate decreasing and weakening of heart beating, or in rate increasing and strengthening of heart beating.





Aschner’s oculocardiac reflex





Technique: the work is carried out in the man. Count by pulse the rate of heart beating per 1 minute in sitting state. Then count pulse at once after moderate pressing on eyeballs by fingers during 15-20 seconds, then quickly let off fingers. Count pulse in 5 minutes after experiment. Fix the character of the frequency change of the heart beating rate. The experiment can be carried out with registration of electrocardiogram.


Results:




















Conclusion:











Reflexes of baroreceptors (pressure�receptors) from the carotid sinus zone





Technique: the work is carried out in the man The examinee lays on the back completely relaxed Grope the pulsation of common carotid artery in the depth of the neck at front edge of the muscle sterno-clavicular-mastoideus. The ramification of carotid artery and carotid sinus are located at the level of the top border of the thyroid cartilage. Densely press artery to vertebrs for two seconds. Count the pulse rate before pressing a. carotis and at once after pressing. Do not squeeze simultaneously both a. carotis. The experiment can be carried out with registration of electrocardiogram. Results of experiment write down in the report in your writingbook and make the conclusions.


Results:




















Conclusion:











The Reflex of Hering-Breier





Technique: The afferent nerve fibers from lungs’ mechanoreceptors travel to the regulation centers in medulla oblongata. The inhalation causes the suppression of vagus nerve and acceleration of cardiac activity. The exhalation causes the stimulation of vagus nerve and deceleration of cardiac activity.


Record the ECG in the second standard lead or count the pulse rate at usual breath. Then do a deep breath and delay of breath with registration of the ECG. Repeated record of ECG make at the state of the maximal exhalation. Estimate duration of intervals (P-T; Q-T; T-P; R-R) or pulse rate.


Make the conclusions to each realized reflex.


Results:




















Conclusion:











Practical class №4. The vascular system. Basic principles of Haemodynamics. Regulation of Vascular Circulation.





The questions for self-study


General structure of the vascular tree (segments of blood vessels-major divisions).


Functions of the individual segments.


Biophysical considerations.


Flow, pressure and resistance.


Arterial and arteriolar circulation.


Velocity flow of blood.


Arterial pressure.


Methods of measuring blood pressure.


Auscultatory method.


Palpation method.


Normal arterial blood pressure and factors determining the BP. Regulation of BP.


Physiological conditions (sex, meals, emotion, exposure to cold, muscular exercise, sleep) affecting blood pressure.


Pathological conditions (chronic elevation of BP, cardiovascular shock, drug) affecting blood pressure.


Blood pressure in different segments of the vascular tree. 


Interrelationship between the diameter of the blood vessel and the velocity of the flowing blood (diameter-velocity relationship).


Interrelationship between the velocity, total pressure and the lateral pressure of the flowing blood (velocity-pressure relationship).


Velocity and flow of the blood.


Relationship between the pressure of the flowing blood with the volume of the flow per unit time (pressure-flow relationship).


Resistance and capacitance vessels.


Capillary circulation.


Capillary pressure and flow.


Equilibration with interstitial fluid.


Active and inactive capillaries.


Lymphatic circulation and other functions of the L.S.


Interstitial fluid volume.


Venous circulation.


Venous pressure and flow. Thoracic pump.


Muscle pump. Venous pressure in the head.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 556-573.





Cardiovascular regulatory mechanisms. General plan of the cardiovascular system reflexes.


Local regulatory mechanisms.


Autoregulation.


Vasodilatator metabolites.


Localized vasoconstriction.


Substances secreted by the endothelium.


Systemic regulation by hormones.


Systemic regulation by the nervous system. Vasomotor center.


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 574-587





10.	Circulation through special regions (cerebral circulation, coronary circulation, splanchnic circulation, circulation of the skin).


To read: William F. Ganong, MD. Review of Medical Physiology. Text-book p. 588-603.





Basic principles of Haemodynamics





Practical work № 1





Definition of the blood pressure in the man





The aim of work: To familiarize with indirect methods of definition of the blood pressure in the man.


Technique: The palpatory method of Riva-Rocci.


For measurement of the blood pressure is used the sphygmomanometer. On a naked shoulder of the examinee to impose an inflatable rubber cuff so that it densely covers the shoulder, but does not press on the tissues. By one hand palpate the pulse in radial artery, and by another with the help of a rubber balloon force air in the cuff. Pressure in the cuff is judged by the indications of a manometer. In a cavity of the cuff create the pressure exceeding maximal (before disappearance of pulse), and then gradually lower pressure, opening the screw valve and letting out air from system. The moment of the pulse appearance in radial artery coincides with maximal (systolic) pressure in brachial artery.


Results:




















Conclusion:











Practical work № 2





Korotkov’s method of the blood pressure�measurement (auscultation�of the vascular tones)





Impose the cuff on the naked shoulder higher than elbow fovea. In elbow fovea find out pulsing brachial artery, on which place a phonendoscope. Create pressure in the cuff higher than maximal, at which the pulse disappears, then, turning the screw valve and letting out air from the cuff, by stethoscope or phonendoscope listen to tones of brachial artery in elbow fovea. The moment of disappearance of tones corresponds to systolic pressure. Continue, decrease pressure in the cuff and listen to increasing force of tones, and then mark gradual easing with their subsequent disappearance. The moment of tones appearance corresponds to diastolic pressure. The measurement repeat three times and take for a basis the minimal parameters. Measure blood pressure by the Riva-Rocci method and by the Korotkov’s method. Results write down in the table in your writingbook.


Table 3


Age�
Blood Pressure�
Rate of heart beating per 1 minute�
�
�
Females�
Males�
�
�
10-20�
115/75�
118/75�
90-60�
�
20-30�
116/78�
12/76�
60-65�
�
30-40�
125/80�
124/80�
65-68�
�
40-50�
140/88�
127/82�
68-72�
�
50-60�
155/90�
135/85�
72-80�
�
60-70�
160/92�
145/87�
80-84�
�
Results:




















Conclusion:











Practical work № 2





Dynamic Tests of Cardiovascular System





The aim of the work: To familiarize with methods of research and estimation of a condition of cardiovascular system. The dynamics (functional) tests allow to determine reserve and adaptive resources of cardiovascular systems in practically healthy man (physiology of work, physiology of sports) and promote to revealing of the latent insufficiency of cardiovascular system in the process of diagnostics.


Results:




















Conclusion:











ORTHOSTATIC TEST





Technique: The examinee quietly lays in a horizontal position for 2-3 minutes. Count the pulse it him during 15 seconds and the received value multiply by 4 (pulse rate for 1 minute). Measure the blood pressure by the Korotkov’s method. Not removing the cuff of sphygmomanometer from a shoulder, offer to the examinee quietly to rise. At once count the pulse (for 15 seconds and multiply by 4) and measure the blood pressure. The test is considered as normal, if at passage from a horizontal position to a vertical the maximal pressure raises at 10 mm Hg, and the minimal does not change or is a little bit lowered at 5-7 mm Hg. The favorable sign is the increase of pulse pressure (difference between systolic and diastolic pressure). Results of research to write down in the report and give them an estimation in conclusions.


Results:




















Conclusion:











Dynamic (functional) test





Technique: In the examinee in a sitting position several times count a pulse rate for 10 second intervals before getting of stable parameters of a pulse rate. Then measure the blood pressure by the Korotkov’s method. Not removing the cuff of sphygmomanometer, offer to the examinee to make 20 deep curtseys or 60 jumps on the spot during 30 seconds. After loading the examinee sits and in him immediately count pulse for 10 seconds and quickly measure the blood pressure (measurement of all parameters should not occupy more than 40 seconds), and since 50-th second of the first minute after loading again count the pulse for 10 seconds continuously before returning it to initial value. After returning pulse to initial value the third time measure the blood pressure.


Results:




















Conclusion:











The approximate order of results record





Examinee __________________ Sex __________ Age______


Initial parameters (befor loading):


Pulse rate for 10 seconds: 


Blood pressure: 


After loading:





Table 4


Pulse rate�
First


minute�
Second minute�
Third minute�
�
in 10 seconds�
21�
17�
14�
�
in 20 seconds�
�
17�
13�
�
in 30 seconds�
�
16�
13�
�
in 40 seconds�
�
16�
12�
�
in 50 seconds�
�
15�
12�
�
in 60 seconds�
19�
14�
–�
�
Blood pressure, mm Hg�
120/70�
14�
145/75�
�



The omission of time in calculation of pulse on the first minute after loading is intended for measurement of blood pressure, for what 40 seconds are taken. Favorable it is possible to consider the following parameters: increase of pulse at 6-7 beats for 10 seconds at once after loading, increase of systolic pressure at 12-22 mm Hg, is possible increase of diastolic pressure at 5-7 mm Hg, pulse pressure is increased. The average time of pulse restitution (rehabilitation) is from 1 minute 40 seconds up 2 minutes 30 seconds, restoration of blood pressure goes a little bit more slowly. In the females more expressed shifts of parameters are marked. Draw a curve of a pulse rate dynamics after physical loading.


Results:














Conclusion:











Regulation of Vascular Circulation





Practical work № 1





Measurement of cardiac output


by an indirect method at rest and after


physical loading





The aim of work: To familiarize with a technique of cardiac output measurement.


Technique: cardiac output is one of the main indicative index of cardiovascular system functioning. The methods of cardiac output measurement can be divided into direct (direct Fick method, Grolmann’s method, Stuart-Hamilton’s method, indicator dilution methid etc.) and indirect (Starr’s method, sphygmographic method, ballistographic). The Rather widespread method is the Starr’s method (1954). This mathematical method of cardiac output measurement consists of the special accounts using the special empirical formulas. In the examinee measure the blood pressure by the Korotkov’s method and pulse rate. Then using the formula determine systolic (stroke) volume (SV):


SV = 100 + 0,5 PP – 0,6 DP – 0,6 A, where


PP — pulse pressure (mm Hg); 


DP — diastolic pressure (mm Hg);


A — age (years).


After definition of systolic volume it is easy to calculate cardiac output (CO) using the formula:


CO = SV х PR, where PR – the pulse rate.


In the healthy people the value of cardiac output can be significant fluctuated connected to sex, age, weight and height, and also with character of activity. In conditions of the basil metabolic rate cardiac output in healthy people equals 3,5-5 L per minute, at the same time the deflections do not exceed ±10% from the proper value of cardiac output (PCO – proper cardiac output). In the patients deflections of CO (cardiac output) at rest both to one, and to another side are expressed in the greater degree, than in healthy people. Therefore in each separate case it is accepted to express cardiac output at rest in percentage to PCO, which can be find out using the formula of Savitsky (1935):


PCO = BMR / 422, where BMR – basal metabolic rate in kcal.


The value of BMR is defined in the Harris-Benedict’s tables of the basal metabolic rate. At rest cardiac output fluctuation, found using the Starr’s method, should not exceed proper values at ±20%.


After counting cardiac output and proper cardiac output compare the received values and estimate them.


Using the Starr’s method measure cardiac output after physical loading (20 curtseys for 30 seconds) and compare its value with CO (cardiac output) at rest. Pulse and blood pressure measure every 30 seconds after loading and during 6 minutes. Then, having calculated cardiac output using received data draw a curve of cardiac output dynamic after loading. Make the appropriate conclusions.


Results:




















Conclusion:











Practical work № 2





Calculation of peripheral vascular�resistance at rest and after physical loading





The aim of work: To familiarize with a technique of calculation of PVR (peripheral vascular resistance).


Technique: the resistance rendered to flown blood by cardiovascular system, is called peripheral vascular resistance (PVR). At rest PVR changes over a wide range at the different people from 1400 up to 2500 dyn. cm sec. (N.N. Savitsky, 1974), making the average value 1850 dyn, cm sec. The PVR value is calculated according the Poiseuille equation (1839):


PVR = (ADP х 1333 х 60) / CO, where


ADP – average dynamic pressure in mm Hg;


1333 – coefficient for transformation mm Hg to dyn;


60 – number of seconds in one minute;


CO – cardiac output in ml.


The average dynamic pressure is calculated according the formula of N.N. Savitsky (1974):


ADP= 0,5 PP + DP, where


PP – pulse pressure; 


DP – diastolic pressure.


For definition PVR at rest and after physical loading it is necessary in each separate case to measure in the examinee blood pressure by the Korotkov’s method and pulse rate per one minute. During calculation PVR after physical loading the mentioned parameters measure every 30 seconds for 6 minutes. Then draw a curve of PVR dynamics after loading. In normal conditions at loading the passableness of vessels is increased, the work of heart is improved, conditions of working are facilitated. The PVR value decreases in average at 20-30%. As a rule, to the end of 3rd-6th minutes after loading the PVR value comes back to normal.


Compare, curve of PVR dynamics after loading to the same curve of pulse in functional test.


Results:

















Conclusion:








Questions for self-training





Automaticity of the heart.


Anatomical substratum and nature of automaticity. The role of different parts of the heart conduction system in heart automaticity. Evidence of sinoatrial node leading role. Abnormalities of excitation conduction in the heart. AV blockade. Electrical stimulation of the heart.


Basic properties of the heart muscle.


«all or none» law, its relative character for heart muscle;


excitability changes of the heart muscle during cardiac cycle, features of refractory period in the heart. Extrasystole;


Starling’s law (the basic law of the heart);


Speed of spread of cardiac excitation.


Cardiac cycle and its phases. Blood pressure in heart cavities in different phases of cardiac cycle. Working of valves.


Cardiac output and stroke volume of the heart at rest and during physical loading.


Electrocardiography. Action potentials of the heart muscle and its registration methods in human. Standard leads. Normal electrocardiogram in human, nature of its waves, clinical significance.


Innervation of the heart. Influences of sympathetic and parasympathetic nerves on the heart. The heart nerves tone. Mediators in the heart (chemical nature, influences).


Reflex regulation of heart working. The self-regulation principle. Major reflexes of the heart. The cortex influences on heart working.


Humoral regulation of heart working.


Major factors determining blood pressure. Methods of blood pressure registration and measurement. Pressure in arteries, veins, capillaries. Rhythmic fluctuations of blood pressure owing to the heart working, breathing and changes of vasomotor center tone.


Volume flow. Major factors  which it depends on. Linear velocity of blood flow. Speed of blood flow in arteries, veins and capillaries. Time of total blood flow circulation. Significance of vessels wall elasticity for blood flow.


Arterial pulse, its origin, methods of registration. Sphygmogram. Pulse’s characteristics. Vasodilatation speed.


Innervation of vessels. Vasoconstrictor nerves, vessels’ tone. Neurogenic mechanisms of vasodilatation.


Vasomotor center.


Reflexogenic zones of the heart and vessels, their role in circulation regulation.


Self-regulatory mechanism of constant blood pressure level maintenance. Dilatation and constriction reflexes.


Humoral regulation of vessels’ tone.


Mechanism of blood redistribution.


Regulation of circulation blood volume. Blood depot.


Adapting changes of cardiovascular system during physical loading. Significance of functional tests in cardiovascular system examination.


Features of blood circulation in lungs, brain and features of systemic blood circulation.
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