PAC01 Pulmonary Physiology

The first major function of the respiratory system is ventilation, or the process of getting air into and out of the body. Ventilation is the result of the body initiating a volume change in the thorax. This results in a presure change in the thorax, which creates a negative pressure that causes inspiration. 

Mechanics of resting respiration

Resting inspiration is several steps.

1.Contraction of the Diaphragm following the dome-shaped costal margin descending. Boyle's law states that pressure and volume are inverse. Therefore, by  descending the diaphragm inferiorly creates more volume. This creates the negative pressure relative to the atmospheric pressure and air rushes into the thorax through all available openings (In healthy people, only the mouth and nose are open. In traumautic openings, air rushes into the pleura)

2.Contraction of the external intercostal muscles elevates the rib cage and increases the anterior-posterior dimension of the thorax.

Resting Expiration is a passive process and is the cessation of inspiration.

External respiration, by definition, is gas exchange by the alveoli and the pulmonary capillary blood. This exchange is a passive process that occurs by diffusion.

Internal Respiration is gas exchange between the systemic capillaries and the metabolic tissues of the body. This is also passive and occurs via diffusion.

Cellular Respiration is the metabolic use of oxygen to form ATP in the mitochondria. 

Anatomical decscriptions. There is a respiratory and conducting division of the respiratory system, by convention. The conducting division consists of a series of conduits or tubes that direct the inspired air to the respiratoryh division. The conducting division ends where the process of external respiration begins in the alveoli. Structures of the conducting division include the oral and nasal cavity, the pharynx, the larynx, the trachea, primary bronchi, secondary bronchi, tertiary bronchi, to the bronchioles. The respiratory division includes the respiratory bronchioles, the alveloar ducts, and the actual alveoli. 

Minute ventilation is based on the amount you breath in OR out in a minute and is a function of respiratory rate AND tidal volume. Typical respiratory rate is twelve breaths a minute. Typical tidal volume is 500ml. This yields average minute volume of 6000ml or 6L per minute. This does not mean that 6L of air is getting to the respiratory division. It is simply the volume of air that comes in and out of the lungs in the conducting division. The air that is residual and does not reach the respiratory division is known as the Anatomical Dead Space (DSa). The impact of this dead space is huge. Generally speaking, the anatomical dead space is about the person's weight in pounds expressed as ml. Alveolar ventilation is not the same as minute ventilation as we must account for anatomical dead space. Therefore alveolar ventilation is respiratory rate x (tidal volume - dead space volume). It then stands to reason that if you increase your resp. rate, tidal volume goes down. However, anatomical dead space does not change. Summary - Aloveolar Minute Volume goes down when RR is up and tidal volume is down.

The nose is signifcant part of the conducting division. From a respiratory standpoint, we think of three major functions associated with the nasal cavity. The first is that the irregular surfaces in the nasal cavity associated with the superior, middle, and inferior nasal conchae serve to increase the surface area and warm, moisten, and cleanse the inspired air. The other two functions involve the olfactory epithelium and as a resonating chamber for voice, but are not involved in respiration. 
The paranasal sinuses are associated anatomically with the respiratory system and are named based on the bones in which they are located. There are the frontal, sphenoidal, ethmoidal, and maxillary sinuses. 
The trachea is to be reviewed from head, neck, and thorax notes. Note to self- C&P in here.

The bronchioles provide the greatest resistance to airflow in the conducting division. They have the smallest diameter of any tube in the conducting division. 

Anatomy of the lungs The right lung is bigger than the left lobe and the right has three lobes while the left has two. Further, we recall that each lobe is divided into lobules which contain the alveoli. Bronchial segments are divisions of the lobes. The right lung's superior lobe has three segments, while the middle lobe has two segments, and the inferior lobe has three segments. The left lung's superior and inferior lobes each have four segments.

The Pleura are serrous membranes that secrete a serrous fluid. The visceral pleura is the layer that adheres to the outer surface of the lung and invaginates into the fissures between the lobes. The parietal pleura lines the thoracic wall and the surface of the diaphragm. Between the layers of the pleura is the (potential) pleural space. There are three functions associated with the pleura: Lubrication for smooth movement of the lung during inspiration and expiration, providing a lesser pressure in the pleural space than in the lung (keeps the lung pressing out onto the thoracic wall), and to separate the thoracic organs from each other. 

The alveoli are numbered about 350,000,000 in each lung in the average adult and provide tremendous surface area. The walls of each alevolus have two types of cells. Type One are specialized for the process of diffusion and Type Two synthesize and secrete surfactant (reduces surface tension on alveoli).

Intrapulmonic pressure is synonymous with intraalveolar pressure. When this pressure is less than atmospheric pressure, we get inspiration. During resting inspiration and expiration, the intrapulmonic pressure goes from -300mmHg to +300mmHg relative to astmospheric pressure. The lack of air in the pleural space (aka intrapleural space) produces a subatmospheric pressure. That results in a transpulmonary pressure (the pressure across the wall of the lung) The transpulmonary pressure equals the intrapulmonic pressure - the intrapleural pressure. This transpulmonary pressure results in the adherance of the lung against the thoracic wall.  Elasticity is the property of  a structure to return to its original size after being distended. Healthy lungs are very elastic because of the high content of elastin proteins. As such, the lungs tend to resist distention. Since the lungs are adherent to the thoracic wall, they are always in a state of elastic tension that increases during inspiration and decreases during expiration, but does not disappear. The elastic tension pulling on the lungs away from the thoracic wall is called the recoil tendancy. Recoil tendancy can be measured and thought of as the negative pressure in the pleural space required to prevent collapse of the lung. 

Surface tension is created secondary to water molecules on a surface being attracted more to other water molecules than to air. This tension on the surface of the alveoli creates pressure within the alveoli. Surfactant reduces the surface tension and prevents the alveoli from collapsing, but is not produced until late fetal life (month 7 or so). Hyaline membrane disease is a disorder in which the surfactant is not made.

Compliance is the ability of the lungs to expand when you stretch them  and is defined as the change in lung volume per change in transpulmonary pressure. A given transpulmonary pressure will cause an increase or decrease in the expansion of the lung, depending on its compliance. Compliance is reduced when there is more resistance to distention. 

Spirometry is the process of measuring lung volumes and capacities.  A capacity is a maximum amount and a volume is just an amount.  There is static and dynamic spirometry and the determining factor is whether or not time is involved.

Terms of respiration:

TV-Tidal Volume

IRV- Inspiratory Reserve Volume

ERV- Expiratory Reserve Volume

VC- Vital Capacity= IRV+TV+ERV

RV- Residual Volume

TLC- Total Lung Capacity=IRV+TV+ERV+RV

FRC- Functional Residual Capacity is volume of air in lungs after normal respiration=ERV+RV

IC- Inspiratory Capacity= IRV+TV

Partial pressures of gas is measured in the plasma within the body and is indirectly related to the solubility of the gas in the plasma. I.E - The more soluble a gas is in a liquid, the lower its partial pressure will be in that liquid. Diffusion is affected by surface area in a directly proportional amount. It is also affected by thickness of the diffusion membrane. Carcinogens may increase the thickness and prevent diffusion.

Oxygen is transported by the blood in two ways. Th first way is disolved in the plasma. 3/10ml of O2 is transported in 100ml of blood. This is nowhere nearly enough as the BMR (Base metabolic rate) is about 200ml per minute. With a minute volume averaging 5L/minute, dissolved O2 is only about 15mL of the 200mL required. However, dissolved O2 is critical to establish a partial pressure of O2. The other method of transport is bound with hemoglobin. The oxygen carrying capacity (OCC) of the hemoglobin is a function of the amount of hemoglobin we have and the amount of oxygen hemoglobin carries. On average, we have about 15g of hemoglobin in every 100mL of blood. Each gram of hemoglobin can carry 1.34ml of O2. This means each 1OOmL of blood can carry 20.1mL of O2. No one is at their oxygen carrying capacity, however, because that would require breathing pure oxygen(toxic). Clinically, we meausre %SO2, which is a measure of what percentage of the hemoglobin is saturated with oxygen. We calculate it as Amount of O2 transported by hemoglobin/OCC. Fresh air breathing yields 97.5% saturation which equals about 19.5ml02/100mL of blood. 

A-V O2 difference is about 4.5mLO2/100mL of blood as PO2 in LA is 100mmHg and PO2 in RA is 40mmHG.
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Review of last part of last class:

O2 is transported both in the dissolved state and in chemical combination. Solubility of O2 is .3mL/100mL of blood at a partial pressure of 100mmHg. Keep in mind that when we talk about gasses in blood, the partial pressures only represents gas dissolved in plasma. They have nothing to do with gas dissolved in hemoglobin. Reviewing, the oxygen carrying capacity is 20.1mL O2 per 100 mLof blood. This is only at 100% saturation of the blood. Our room air saturation is 97.5% of 20.1 OR 19.5mL O2/100mL of blood.

New material for today:

The oxygen saturation curve is NOT a linear relationship. It represents the percent saturation as compared to partial pressure. We have the PO2 100= 97.5% saturation. At PO2 40 (veins), we get 75% saturation (15ml of O2). The AV O2 difference is the difference in mL between venous and arterial blood. AV O2 difference X (cardiac output/100)= O2 utilization. There are several conditions under which the relationship is altered. The bohr effect states that under conditions of increased PCO2, decreased pH, and/or increased body temperature, hemoglobin gives up its oxygen more freely. If we look at the O2 dissociated curve, we notice a shift to the right. This means that if the hemoglobin is less saturated, more oxygen has been released to the tissues. 

CO2 transport is via three mechanisms in the body. The first is in the dissolved state. Only 7% of the CO2 transported by the body is in the dissolved state. However, this is much more than that of oxygen. Much like O2, the dissolved CO2 is required for plasma transport. CO2 is much more soluble than O2. The second method of transport is via carbaminohemoglobin. This accounts for 23% of transport. This leaves the majority (70%) to be transported in the form of a bicarbonate ion. This transport occurs inside the red blood cell because of the enzyme carbonic anhydrase that is only found inside the RBC. Carbonic anhyhdrase speeds the reaction of CO2 and H2O conversion to H+ and HCO3- nearly 200 fold. This creates a huge diffusion gradient that tends to have the ions leave the RBC and enter the plasma. Hemoglobin buffers the H+ from entering the plasma and prevents a severe acidotic state from occuring. However, there is nothing to buffer bicarbonate ion diffusion into the plasma. That creates an electrical problem because the bicarb is a negative ion. The body responds by a process called the chloride shift which is a shift of chloride ions from the plasma into the RBC to compensate for the loss of the negative bicarbonate ions. The exact opposite series of reactions takes place when the blood is returning back to the lungs. 

Respiratory Control 

Inspiration and expiration (I&E) are the result of contraction of skeletal muscles in response to the activity of somatic motor neruons. The activity of these neurons  is controlled by neurons in the respiratory control center of the brainstem and by neurons in the cerebral cortex. The automatic control of breathing is regulated by nerve fibers that descend through lateral and ventral white mater of the spinal cord from the medulla. The voluntary control of breathing is a function of the cerebral cortex and involves nerve fibers that descend through the corticospinal tracts. A group of neurons intrinsic to the medulla form the rhythmicitiy center for automatic breathing. The center consists of interacting pools of neurons that fire either during inspiration or expiration. The inspiratory neurons stimulate spinal motor neurons that innervate the respiratory muscles. Expiration is passive and occurs when the inspiratory neurons are inhibited by the expiratory neurons. The rhythmicitiy center is divided into a dorsal group of neurons that control the phrenic nerve (diaphragm) and a ventral group that control the external intracostal muscles.  The pontine (in pons) centers (two of them) affect respiration by regulating the rhythmicitiy center in the medulla.  The apneustic center promotes inspiration by stimulating the inspiratory neurons in the rhythmicitiy center. The pneumotaxic center antagonizes the apneustic center and inhibits inspiration. 

Automatic control of breathing is also influenced by the central and peripheral chemocreceptors. These chemoreceptors are sensitive to pC02, pH, and O2 in that order. The central chemoreceptors are located in the medulla (CNS). The peripheral chemoreceptors are located in the aortic arch and communicate with the medulla via CN-X (vagus). There are other peripheral chemoreceptors located in the carotid bodies (where the CCA biforcates into ECA and ICA). The carotid bodies communicate with the medulla via CN-IX (glossopharyngeal) The chemoreceptors input to the brainstem to modifiy the rate and depth of breathing so that normal arterial pCO2, pH, and pO2 are relatively constant. When hypoventilation occurs, pCO2 rises and pH falls. When hyperventilation occurs, pCO2 falls and pH rises. pO2 is relatively constant during both hypo and hyper. Therefore, pCO2 and pH are more immediately affected by  changes in respiration. Changes in blood pCO2 provide the most sensitive powerful stimulus for the reflex control of breathing. The rate and depth of breathing are adjusted to maintain an arterial pCO2 of 40mmHg.

Hypercapnia is a rise in pCO2 and hypocapnia is a fall in pCO2.

The central chemoreceptors in the medulla are the most sensitive to changes in pCO2. An increase in arterial pCO2 causes an increase in H+ ion concentration due to the formation of carbonic acid. Hydrogen ions cannot cross the blood brain barrier to affect the central chemoreceptors, but CO2 can. Once CO2 crosses, it then forms carbonic acid which decreases the pH of the CSF. The decrease in the pH of the CSF directly stimulates the central chemoreceptors, which are responsible for 70-80% of ventilation when there is a rise in arterial CO2. This response, however, takes a minute or two to take place. The most immediate response is from the peripheral chemoreceptors. Lastly, low pO2 increases the sensitivity of the chemoreceptors to pCO2. High pO2 decreases the sensitivity of the chemoreceptors to pCO2. The extension of this is that if you breathe pure oxygen, your breath hold time is increased secondary to a decrease in the peripheral chemoreceptor sensitivity.

For the exam, make sure we review the components of respiration and that inspiration is active requiring ATP and that expiration is passive at rest. Recall that skeltal muscles are elastic, extensible, and irritable. Gas exchange is a passive process and we must be familiar with the partial pressures of gas in both oxygenated and deoxygenated blood. We need to know the difference between the respiratory system and the conductive system. Know calculations!!  Compliance- physical characteristics of lung tissue 

Terms of the lungs:

Pleurisy

Pneumothorax

Atelectasis - Collapsed lung

Bronchiectasis - Inflammation

Empyema - Pus in the pleural space

