Topic 10 – Respiratory Function
STRUCTURE-FUNCTION RELATIONSHIPS OF THE LUNGS
· The essential function of the lung is gas exchange. 

· The blood-gas barrier: composed of an alveolar epithelial cell layer, an interstitial layer and a capillary endothelial layer.

· It is very thin – less than half a micrometer thick in places – with a lot of surface area.

· This is why it is the essential structure for gas exchange via diffusion. 

· On one side of the barrier, the airways bring in air by ventilation, and on the other side the pulmonary circulation takes blood past the alveolar cells through the pulmonary capillaries.

· Inspiration: respiratory control centers in the brainstem ( active motor impulses down the phrenic nerve and spinal cord ( diaphragm and external intercostal muscles stimulated to contract ( ( intrathoracic pressure ( ( pressure in the pleural space ( lungs expand ( alveolar pressure drops to below atmospheric pressure ( air flows into the airways using this pressure gradient.

· Expiration: mostly passive, inspiration is reversed. Chest wall muscles relax ( ( pleural and alveolar pressure ( gas flows out of lungs. 

· Diffusion: see below. 

· The conducting airways are the bronchi and the bronchioles. These conducting airways do not participate in gas exchange. The air in them is wasted in terms of gas exchange (= anatomic dead space). This accounts for 30% of each normal breath. 

· The respiratory airways are the respiratory bronchioles and the alveolar ducts, which participate in gas exchange. 

· Pulmonary circulation: usually the pulmonary arteries and veins are relaxed ( low resistance to blood flow. Resistance can be altered mostly by local metabolic influences.
· Recruitment:  ( CO ( opening of previously closed/compressed segments of pulmonary capillaries ( ( functional capillary volume in the lungs ( ( overall resistance to pulmonary blood flow ( ( pulmonary blood flow. 

· Distension:  at high vascular pressure the capillaries distend ( ( pulmonary vascular resistance.

VENTILATION:

· Total ventilation: volume of air that enters or leaves the nose/mouth during each breath, or each minute. 

· Alveolar ventilation (definition): volume of fresh air entering the alveoli each breath or each minute. This is always less than total ventilation, depending on anatomic dead space and tidal volume. 

· Regional Differences: ventilation is different across the lung. 
· Because the lung is heavy, when a person is sitting or standing, gravity pulls the lungs down. This stretches the apices, making it easier to ventilate the bases compared to the apices ( basal ventilation > apical ventilation.

· When supine these differences disappear, but now the posterior part of the lung ventilates more than the anterior part. 

· Overall, greater ventilation is achieved when sitting or standing. Patients with a high degree of respiratory compromise, for one reason or another, will wake up during the night feeling breathless, and will need to get up in order to achieve sufficient ventilation to be at ease. The same effect can be achieved by sleeping more vertically, such as with pillows under the head. 

OXYGEN TRANSPORT
· Alveolar ventilation: alveolar ventilation/breath is multiplied by the frequency of breathing to give the alveolar ventilation per minute, a. 
· The alveolar ventilation equation is:

CO2 x K

a = ------------------


   PACO2


CO2 = CO2 production


          K = correction factor (don’t need to know)

                    PACO2 = alveolar pressure of CO2

PaCO2 can be used in the equation instead of PACO2 – in this particular equation they are interchangeable because carbon dioxide diffuses freely. 

· The point of the equation is that PCO2 in the alveoli or in arterial blood is the controlled variable for the regulation of alveolar ventilation. 

· If the alveolar ventilation is halved and CO2 production stays the same alveolar and arterial PCO2 will double. 

· Diffusion: oxygen and CO2 cross the blood-gas barrier by simple diffusion. 
· The amount of gas that can diffuse is proportional to the area available, and the difference in partial pressures between alveolar gas and capillary blood. 

· The amount of gas diffusing is inversely proportional to the thickness of the blood-gas barrier. Can be thickened in disease states. 
· Haemoglobin uptake: Haemoglobin in erythrocytes binds oxygen rapidly and reversibly. 

· The haemoglobin-oxygen dissociation curve is sigmoid shaped, and describes the relationship between the partial pressure of oxygen in the blood and the oxygen saturation of haemoglobin. 
· Shifting the curve to the right = ( affinity of haemoglobin for oxygen, causing it to offload oxygen to the tissues surrounding it.
· The causes of this rightward shift are ( PCO2, ( tissue pH, ( temperature and ( 2,3 DPG concentration in RBCs. 

· Shifting to the left = increased affinity of Hb for oxygen, causing it to pick up oxygen from its surroundings (usually the alveolar capillary blood).

· Causes for this leftward shift are the reverse of above. 

· Pulmonary blood flow – regional distribution: the distribution of blood flow within the pulmonary circulation is different from the apices to the bases. 

· This is because of hydrostatic pressure differences from gravity. 

· At the apices, pulmonary arterial pressure is able to just raise blood to the top of the lung, but here alveolar pressure is higher so the blood vessels are easily squashed flat. 

· At the bases, pulmonary arterial pressure is higher and exceeds alveolar pressure. 

· Pulmonary blood flow – hypoxic vasoconstriction: if PO2 in the alveolar gas is reduced, i.e. hypoxia, the arterioles in the hypoxic region contract ( blood flow is directed away from hypoxic areas of the lungs.

· It is unknown what the exact mechanism for this to occur, but it is very useful in preventing (see shunts, below).
VENTILATION PERFUSION RELATIONSHIPS

· Hypoventilation: there is a decrease of alveolar and arterial PO2 in this state, along with a rise in PCO2 according to the alveolar ventilation equation. 

· Diffusion: see above.

· Shunts: this is any mechanism by which blood that hasn’t been through ventilated areas of lung is added to the systemic arteries.

· An important feature of a shunt is that if a patient breathes 100% oxygen the arterial PO2 doesn’t rise to the normal level, because the shunted blood bypasses ventilated alveoli and so doesn’t pick up oxygen. 

· The shunted blood ‘dilutes’ arterial blood, depressing arterial PO2. 

· Ventilation-perfusion inequality: this is also known as V-Q mismatch. It is mismatching of ventilation and blood flow within the lung.
· It is the most important cause of hypoxaemia in clinical medicine.

· It is understood by considering V-Q mismatch in three compartments in the lung.

· Compartment A: this is the dead space. The lung here is ventilated, but not perfused. 

· Compartment B: ideal lung, where the alveoli are ventilated and perfused.

· Compartment C: Shunts – no alveolar ventilation, but the alveoli are still perfused – essentially remains as venous blood. 

· In the pulmonary veins, blood from B and any C present mix, leading to an overall ( arterial PO2 and ( PCO2 compared to normal. 
· In a person with a large V-Q mismatch ( arterial PCO2 will be elevated ( hypercapnic drive activated ( ( ventilation ( chronic CO2 elevations ( hypercapnic drive desensitizes ( the patient becomes dependant on their hypoxic drive to keep ventilation going.

MECHANICS OF BREATHING

· Elastic properties of lung and chest: the intrapleural pressure is usually negative because of two forces which are opposite and equal - elastic recoil of the lungs and expansive elastic recoil of the chest wall. 
· Compliance: this is a measure of how much pressure is needed to change the volume of the lungs. The gradient of the volume/pressure curve is the compliance. 

· The stiffer the lung, the less compliant.

·  Lung fibrosis or the soggy lungs of a person with pulmonary oedema (  ( compliance ( increased effort required to expand lungs. 

· Emphysema (large air spaces in lungs) ( ( compliance ( decreased effort required to expand lungs, and increased difficulty with expiration.
· Work of breathing: work is done to overcome the resistive (get air in and out of the lungs) and elastic (expand chest wall and lungs) forces.  

· Obstructive disease (e.g. asthma): narrow airways ( ( resistive forces ( ( work required.

· Restrictive disease (e.g. fibrosis): have increased elastic recoil forces on the lung ( ( elastic forces ( ( work required.

· Alveolar surface tension: results from attractive forces between molecules of the film of liquid lining the alveoli.
· The surface tension creates a collapsing pressure.

· Surfactant secreted by Type 2 alveolar cells ( disrupts intermolecular forces reducing surface tension ( prevents small alveoli from collapsing ( ( compliance.

· Airways resistance: the higher the airways resistance, the lower the airflow. 
· Resistance is inversely proportional to the size of the radius of the airway, to the power of 4. 

· This means if the radius is halved, the resistance increases sixteen-fold. 

· The resistance of the airways is also affected by the tubes being in series, or in parallel, much the same as the resistors in an electrical circuit. 

· One long tube is like a series of resistors: the resistance of each segment adds to the next segment, creating an overall higher resistance. This is the situation in the large airways.

· Branching airways, like the bronchioles and smaller airways, act like resistors in parallel, with the total resistance being considerably less than the resistance of each individual segment. 

· ( resistance comes from PNS stimulation, asthma ( constrict the airways ( ( radius ( ( resistance.

· ( resistance comes from SNS stimulation - (2 receptors dilate airways, reducing resistance. 

· Also ( resistance from high lung volumes – the airways are tethered to the surrounding tissue and when the lung expands it pulls the airways wider. 

CONTROL OF VENTILATION

· Respiratory centers in the CNS: Medullary respiratory center in the reticular formation of the medulla. 
· Groups of cells control inspiration and expiration. 

· The cerebral cortex can override the brainstem as breathing is also under voluntary control. 

· There are other areas of the brain which also control breathing – the limbic system and the hypothalamus when going through intense emotions. 

· Chemoreceptors: central chemoreceptors in the medulla are sensitive to pH in the CSF. CO2 diffuses from arterial blood into the CSF ( ( [H+](remember the action of CO2 as a weak acid) ( ( pH ( chemoreceptors ( ventilation rate ( ( CO2 levels in the blood ( ( CO2 levels in the CSF ( ( [H+] ( ( pH. 

· Peripheral chemoreceptors in the carotid and aortic bodies are sensitive to stimulators - ( arterial PO2 < 60mmHg, ( arterial PCO2, ( arterial concentration of H+ (( pH).

· All these stimuli increase the breathing rate. 

· Lung stretch receptors: are in the smooth muscle of the airways.

· Distension of the lungs ( receptor stimulation ( reflex decrease in ventilation rate.

TESTS OF FUNCTION

· Spirometry:  measures forced expiratory volume (FEV1) and forced vital capacity, FVC. 

· The ratio of these two, FEV1/FVC is an excellent measure of airflow limitation. Normal ratio is 75%.

· ( ratio is due to ( airflow limitation, for example in emphysema and asthma (obstructive lung disease), where FEV1 is reduced more than FVC.
· In restrictive lung disease (fibrosis) the ratio remains the same or increases because both FEV1 and FVC reduce equally. 

· Peak flow: easy to perform, but is effort dependant. 

· Blood gases: see Topic 6, Acid-base. 

· Alveolar gas equation: if alveolar PCO2 is known, then alveolar PO2 can be calculated by the alveolar gas equation:

PAO2 = PIO2 – PACO2  

                           R

· PIO2, the partial pressure of inspired oxygen is typically 149 mmHg. 
· R, the respiratory exchange ratio is = 0.8.

