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Volgograd STATE medical universaty, 2006.


Physiology of respiratory system





Practical class № 1. Pulmonary function.





The questions for self-study:


Principles of respiration system structure. 


Respiration, its basic stages.


Anatomy of the lungs.


Air Passages;


The Bronchi and their innervations;


Pulmonary circulation.


Mechanism of external respiration.


Biomechanics of inspiration and expiration.


Lung Volumes.


3.1. The vital caparacity and its composing components. Methods of their   measurement. Residual volume.


3.2. Respiratory minute volume and its changes at different loading, methods of its measurement.


3.3. “Dead space” and efficient lungs ventilation. Effect of variations in respiratory rate and depth on alveolar ventilation.


4. Respiratory muscles.


5. Compliance of the lungs and chest wall.


6. Alveolar surface tension.


6.1. Surfactant, its composition.


7. Work of breathing.


8. Differences in ventilation and blood flow in different parts of the lung.


To read: p. 625 – 637


9. Gas exchange in the lungs. Partial pressure of O2 and CO2 in alveolar air and in blood.


9.1. Composition of the alveolar air.


9.2. Diffusion across the alveolocapillary membrane.


9.3. Ventilation/Perfusion ratios.


9.3.1. Effects of decreasing or increasing the ventilation/perfusion ratios on the Pco2  and Po2 in an alveolus.


9.3.2. Pulmonary hypertension.


9.3.3. Pulmonary embolization.


 To read: p. 637 – 643 


10. Gas transports between the lungs and the tissues.


10.1. Gas exchange between blood and tissues. Partial pressure of O2 and CO2  in blood, tissues liquid and in cells.


10.2. Gases transport by blood: transport of O2 by blood; hemoglobin dissociation curve. Transport of CO2  by blood.


10.3. Significance of carboangydrase; correlation CO2 and O2  transport.


10.4. Factors affecting the affinity of hemoglobin for oxygen.


To read: p. 643 – 648





Practical class № 2. Regulation of respiration.


The questions for self-study.


Regulation of  respiration. Respiratory centre. Pontine and vagal influences.


Neutral control of breathing.


Control systems.


Medullary systems.


Pontine and vagal influences.


Regulation of respiration. Role of chemoreceptors ( central and peripheral).


Carotid and aortic bodies.


Chemoreceptors in the brain stem.


Ventilatory responses to the changes  in asid-base balance.


Ventilatory responses to CO2.


Ventilatory responses to oxygen lack.


Effects of hypoxia on the CO2.  Response curve.


Effects of H+  on the CO2 response.


Breathe holding.


Hormonal effects on respiration .


Nonchemical effects on respiration.


Responses mediated by receptors in airways and lungs.


Coughing and sneezing.


Afferents from ‘‘Higher centers’’.


Afferents from proprioceptors.


Respiratory components of visceral reflexes.


Respiratory effects of baroreceptor stimulation.


Effects of sleeping. 


To read: p. 649 – 657.


Effects of exercises, changes in ventilation.


Hypoxia, four categories of hypoxia.


Pneumothorax ( open and closed).


Asthma.


Emphysema.


Cystic fibrosis.


Other respiratory abnormalities.


Asphyxia.


Drowning.


Periodic breathing.


Cheyne- Stokes respiration.


Artificial respiration.


Mouth to mouth breathing.


Mechanical respirators.


To read: p. 658 – 672.  








RESPIRATION


Class № 1. External respiration.





Practical work N 1





Measurement of vital capacity (VC) and its fractions.





The aim of work: to become familiar with a technique of lungs volumes and vital capacity measurement.


Technique: The spirometer (lung-tester) result in a zero position, a tip wipe by cotton wool with spirit, make 2-3 deep inhalations and exhalation and, having inhaled maximum deeply, make a probably deep exhalation in spirometer. An exhalation make slowly, without jerks. Received value corresponds to vital capacity (VC).


Measurement of the tidal volume


Result the spirometer in a zero position and, having taken the tip in a mouth, quietly breathe, and an inhalation make through a nose, and exhalation - through a mouth in the spirometer. After 5-6 breathes note on a scale volume of exhaled air and divide it into the breathes number.


Measurement of the inspiratory reserve volume


From a cover take out a plug, lift a bell of spirometer. For example up to 3000 ml. After it close the plug. The examinee, having made a little quiet breathes, after a usual breath should take in a mouth the tip, and make a probably deep breath from the spirometer. The difference between the first parameter (3000) and the last one (for example, 1500) is the inspiratory reserve volume – 1500 ml.


Measurement of the expiratory reserve volume


Result the spirometer in a zero position, make some quiet respiratory movements and after the next exhalation take the tip in a mouth and make a probably deep exhalation in spirometer. Volume of exhaled air in the spirometer is the expiratory reserve volume


Having measured the tidal volume, the inspiratory reserve volume and the expiratory reserve volume add them and compare to already received vital capacity. If the divergence exceeds 10 %, the measurement is carried out not accurately and is necessary to repeat it.


The value of VC, which turns out at measurement usually is called as factual vital capacity (FVC).


The value of VC, which is determined by multiplication of height in men - by 25, and in women - by 20, calls as predicted vital capacity (PVC). For an estimation of a development degree of the external breath apparatus the value of PVC is necessary compare to that value, which corresponds to the physical development data of the man. With this purpose the following ratio is determined:


FVC х 100 %


PVC


Using the results of comparison it is necessary to make the appropriate conclusions.


Results:





Conclusion:





Practical work N 2





Measurement of frequency, depth and respiratory minute volume at rest and at physical loading.





The aim of work: study dependence of the external breath basic parameters on physical loading.


Technique: The work is carried out with the help of spirograph . To get acquainted with the description of the device and principle of its functioning is possible in a practical work edited by Kullanda (page 99).





Measure in examinee the respiratory minute volume (RMV) and breath frequency using the spirograph. The measurement needs to be done three times: in a sitting position of the examinee, during walking on the spot at the speed 120 steps per one minute, during run on the spot.


Then make the following calculations: find the average value of breath depth, having divided RMV by breath frequency. Then find alveolar ventilation volume, for this average volume of «dead space» (150 ml in males and 100 ml in females) multiple by breath frequency and received number subtract from RMV value. The data should be written down in the table. Compare results of three measurements and make conclusions about influence of exercising on the basic parameters of breath.


Results:


























Table


Conditions of the experiment�
Value of RMV�
Breath frequency�
Average breath depth�
The quantity of air which doesn’t participate in gas exchange�
Alveolar ventilation volume�
�
Sitting at rest�



�
�
�
�
�
�
During walking�
�
�
�
�
�
�
During run on the spot�
�
�
�
�
�
�



Conclusion:





Practical work N 3


The analysis of spirogram


The aim of work: to become familiar with a technique of the man’s spirogram analysis.


Technique: 


1.	 Find record of quiet breath and lead a line of the top border (quiet breath - inhalation) – average out. Parallel to the top border also averaged out lead a line of the bottom border of quiet breath (quiet exhalation).


2.	 Measurement of the tidal volume - TV. Measure by a compasses or by a ruler a distance from top up to the bottom border of quiet breath in mm. As 1 mm corresponds to 20 ml of air, received number multiple by 20.


3.	 Measurement of the inspiratory reserve volume - IRV. Find border of the maximal inhalation by the peak of a curve on spirogram. Measure a distance from the top border of a quiet inhalation up to the top border of the maximal inhalation. The received number multiple by 20.


4.	 Measurement of the expiratory reserve volume – ERV. Find border of the maximal exhalation. Measure a distance from the bottom border of a quiet exhalation up to border of the maximal exhalation. The received number multiple by 20 (ml)


5.	 Measurement of vital capacity - VC.


1) method: lead lines of borders of the maximal inhalation and exhalation in parallel each other and measure distance between them. The received number multiple by 20 (ml).


2) method: add values TV+ IRV + ERV. The data received by both methods should coincide.


6.	 Measurement of the breath frequency - BF. The speed of movement of a paper tape during recording of spirogram is equal 50 mm / min, 1 mm corresponds 0,02 min.


7.	 Measurement of the respiratory minute volume - RMV. RMV = TV х BF.


8.	 Measurement of the predicted vital capacity (PVC) for the patient, whose data are written down in spirogram using the following formulas:


For men PVC = height (cm) х 0,052 - age (years) х 0,022 - 3,6


For women PVC = height (cm) х 0,041 - age (years) х 0,018 - 2,6


9.	 Calculation of a vital parameter - VP. VP is a ratio between the VC and the body weight. Normal values in men VP = 60, in women = 52.


10. 	 Percentage of using VC - percentage ratio between TV and VC. Normal value is 12-15 %.





Results:


Table of the functional examination





Date____________


Name, surname________________________________________


Height____________________Weight______________________


The complaints_________________________________________


Sex________

















Indexes�
Normal value�
Practically�
�
Breath frequency�
10 – 20 per a minute�
�
�
Tidal volume�
300 –900 ml 15 – 20% VC�
�
�
Inspiratory reserve volume�
1500 – 2000 ml 50% VC�
�
�
Expiratory reserve volume�
1000 – 1500 ml 30% VC�
�
�
Residual volume�
1200 ml�
�
�
Vital capacity�
2 – 5 L�
�
�
Predicted vital capacity�
2 – 5 L�
�
�
Total lung capacity�
3200 – 6200 ml�
�
�
Functional reserve capacity�
2200 – 2700 ml�
�
�
Inhalation volume�
1800 – 2900 ml�
�
�
Ratio between inhalation and exhalation�
inhalation 1-5 sec


exhalation 1,2-6 sec�
�
�
Respiratory minute volume�
4 – 10 L/min�
�
�
Alveolar ventilation of lungs�
75% RMV�
�
�
Maximal ventilation of lungs�
50 – 120 L/min�
�
�
Vital parameter�
�
�
�
Percentage of using VC�
�
�
�
FVC�
70 – 80% VC�
�
�
FVC2�
80 –90% VC�
�
�
FVC3�
90 – 100% VC�
�
�
Reserve of respiration�
�
�
�
Blood pressure�
�
�
�
Heart beating rate�
�
�
�



Conclusion:





Complementary data


Measurement of Ventilatory Function


Conventionally, a spirometer is a device used to measure timed expired and inspired volumes, and from these we can calculate how effectively and how quickly the lungs can be emptied and filled. A spirogram is thus a volume-time curve and Figure 1 shows two commonly recorded curves. The measurements which are usually made are as follows: 


1. VC (vital capacity) is the maximum volume of air which can be exhaled or inspired during either a forced (FVC) or a slow (VC) manoeuvre. 


2. FEV1 (forced expired volume in one second) is the volume expired in the first second of maximal expiration after a maximal inspiration and is a useful measure of how quickly full lungs can be emptied. 


3. FEV1/VC is the FEV1 expressed as a percentage of the VC or FVC (whichever volume is larger) and gives a clinically useful index of airflow limitation. 


4. FEF25-75% is the average expired flow over the middle half of the FVC manoeuvre and is regarded as a more sensitive measure of small airways narrowing than FEV1. Unfortunately FEF25-75% has a wide range of normality, is less reproducible than FEV1, and is difficult to interpret if the VC (or FVC) is reduced or increased. 


5. PEF (peak expiratory flow) is the maximal expiratory flow rate achieved and this occurs very early in the forced expiratory manoeuvre. 


Alternatively, measures of flow can be made either absolutely (e.g. peak expiratory flow) or as a function of volume, thus generating a flow-volume curve (Figure 2), the shape of which is reproducible for any individual but varies considerably between different lung diseases. A poorly performed manoeuvre is usually characterised by poor reproducibility. 


All indices of ventilatory function should be reported at body temperature and pressure saturated with water vapour (BTPS). If this is not done the results will be underestimated because when the patient blows into a "cold" spirometer, the volume recorded by the spirometer is less than that displaced by the lungs.


Figure 1. Normal spirogram showing the measurements of forced vital capacity (FVC), forced expired volume in one second (FEV1) and forced expiratory flow over the middle half of the FVC (FEF25-75%). The left panel is a typical recording from a water-sealed (or rolling seal) spirometer with inspired volume upward; the right panel is a spirogram from a dry wedge-bellows spirometer with expired volume upward. 


�


Figure 2. Normal maximal expiratory and inspiratory flow-volume curve


Tasks





1.	 Who from two arguing rights? One asserts – «lungs extend, and consequently in them air enters», the second – «air enters into the lungs, and consequently they extend».


2.	 At some diseases the stretchability of lungs tissue decreases in 5-10 times. What clinical symptom is typical for such diseases?


3.	 How the difference in a percentage exhaled and alveolar air will change, if the man will breathe in a gas mask?


4.	 Explain the mechanism of oxygen utilization factor increase in a working muscle in comparison with a condition of rest.


5.	 It is necessary to the man to pass on the bottom of a reservoir. In such situation, if there are no special adaptations, breathe through tube, which end leaves water. There are three tubes. Length of each one is 1 meter, and internal diameter accordingly 68 mm, 30 mm, 5 mm. What tube needs to be used. Prove your answer by the appropriate calculation.


6.	 About thirty years ago the reason of illness newborn that died at once after birth being be not capable to make a breath was opened. The solution was found, when have begun to compare homogenates from the lung tissue such children and children died of other reasons. In these homogenates measured and compared among themselves some physical-chemical parameter. What is this – this parameter? And what means change of its value?


7.	 At narrowing respiratory ways the flow of air becomes turbulent. It requires significant expenses of energy and patient breathes difficulty. The condition is improved, if air replace oxygen-helium mixture (in it instead of nitrogen there is the same quantity of helium). Explain the reason of the patients condition improvement.





























Questions for self-training





Principles of respiration system structure.


Respiration, its basic stages.


Mechanism of external respiration. Biomechanics of inhalation and exhalation.


Intrapleural pressure, its nature and role in external respiration mechanism. Changes of intrapleural pressure during phases of respiratory cycle.


The vital capacity and its composing components. Methods of their measurement. Residual volume.


Respiratory minute volume and its changes at different loading, methods of its measurement. «Dead space» and efficient lungs ventilation.


Atmospheric and exhaled air content. Alveolar air like inner medium of human organism. Concept about partial pressure of gases.


Gases exchange in lungs. Partial pressure of O2 and CO2 in alveolar air and in blood.


Gases exchange between blood and tissues. Partial pressure of O2 and CO2 in blood, tissue liquid and in cells.


Gases’ transport by blood:


transport of O2 by blood; haemoglobin dissociation curve, its characteristic; oxygen capacity of blood.


transport of CO2 by blood; significance of carboanhydrase; correlation CO2 and O2 transport.
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