Respiratory Notes

Medial Sfc of Lungs

· Right Lung > Left Lung (3 lobes vs 2)
· Left Lung has Lingula

· Ant ( Post:  pulm veins are anterior (oxygenated);  lymphatics are most posterior; pulm arteries (non-oxygenated) are in middle on left lung and superior on right lung.
· Both lungs have oblique fissure; Only right lung has additional horizontal fissure seperating upper from middle lobe.
Airway Structure

· Initial bronchi = conducting zone

· Bronchioles = transitional zone w some alveoli

· Terminal Bronchioles: have respitaroty bronchioles coming off; also have alveolar ducts and sacs

Ultrastructure
· Resp airways lined with pseudostrat ciliated colum epith;  Smaller airways, low columnar or simple cuboidal.
· Ciliated cells ≈ 30%;  Goblet cells ≈ 30% (secrete mucus to prevent desication and to trap particles (mucociliary transport) );  Basal Cells ≈ 30% (stem cells for goblet, ciliated, brush);  Brush ≈ 3%, Kulchitsky ≈ 3% (DNES sytem maybe),  Clara cells (secrete surfactant-like material to reduce bronchial sfc tension), Serous cells

· Trachea & Lg Bronchi: lots of ciliated and goblet cells; many basal cells
· Bronchioles: ciliated dominant, Clara cells increase distally,  Goblet & serous decrease distally

Muscles of Respiration
1. Inspiration:  Principal: external intercostals (elevates ribs);  internal intercostals-interchondral part (elevates ribs also);  Diaphragm (domes descend increasing longitudinal dimension of chest; also elevates lower ribs).   Accessory:  Sternocleidomastoid (elevates sternum);  Scalenes ant, mid, post: (elevates and fixes upper ribs)

2. Expiration: Quiet breathing: expiration from passive recoil of lungs.  Active Breathing:  internal intercostals (except interchondral part);  Abdominal muscles (depress lower ribs, compress abdominal contents)
Lung Volumes
· PICTURE:  IRV ( TV ( ERV ( RV   (sum of all 4 is TLC)

· (max inspiratory level) IRV ( TV (resting end-exp level) ( ERV (max expiratory level) ( RV

· Residual Volume: the volume present beyond forced exhalation (i.e. beyond ERV)
· Tidal Volume: volume of air between inspiration and expiration
· Expiratory Reserve Volume (ERV): the volume of air that can be forced out after normal expiration (ie between reseting end expiration and max expiratory level)
· Inspiratory Reserve Volume (IRV): the volume of air that can be taken in beyond normal inspiration

· Vital Capacity (VC): volume between max inspiratory level (top of IRV) and max expiratory level (bottom of ERV) ie: max insp level – max exp level
· Max Inspiratory Level  (not a formal term): amount of air in lungs after max inspiration

· Max expiratory level: amount of air in lungs after max expiration = RV [?]

· Functional Residual Capacity (FRC): ERV + RV
· Inspiratory Capacity (IC): Vt + IRV

· TLC = FRC + IC

Mechanics of Respiration
· Air moves through the passageways due to pressure gradients which, in turn, are generated by contraction of diaphragm and other thoracic muscles.  
· Pulmonary ventilation involves 3 different pressures:  intraalveolar pressure, atmospheric pressure, intrapleural pressure

· During inspiration the parietal pleura is pulled outward – and with it, the visceral pleura and lungs.  
· Ptp (transpulmonary pressure) is the difference between intrapleural pressure and intraalveolar pressure (alv – pleur)

· At rest intrapleural pressure is 756 and intraalveolar pressure is 760;  during inspiration intrapleural pressure drops to 754 and intraalveolar pressure drops to 754 ( air enters lungs.  During expiration, intrapleural pressure goes back up to 756.  Intraalveolar pressure goes up (from pressure of lung recoil) to 762 pushing air out of lungs.  [it seems to be the intraalveolar pressures that are really causing things to happen!]
Elastic Properties of Respiration
· At rest (end expiratory volume & also: “at rest”):  the chest wall tends to recoil outwards but the lungs tend to recoil inwards.  Also note that this intrapleural pressure “pulls” on the lungs and keeps them from deflating.

· As you breathe in, the recoil of lung increases, but the outward push of the chest wall decreases.  At one point, there is no outward push of chest wall. However at high inspiratory volumes (approaching TLC), the chest wall begins pushing inwards.

· Similarly, as you expire, the lung’s inward recoil decreases while the chest wall’s desire to push outward increases.  

· Compliance:  measure of elasticity or distensability of the lung.  = dV/dP;  Transpulmonary pressure is used as the pressure.  
· Compliance is typically evaluted for lung, chest wall, and combined.
· Elastic recoil pressure (graph) is algebraic sum of recoil pressures of lung and chest wall.  See Netter Atlas of Physiology p. 98
Surface Forces (surfactant):  Alveoli are coated with thin layer of lipoprotein secreted by type 2 alveolar cells (pneumocytes).  Reduces surface tension at alveolar-air interface.  Therefore: 1. decrease in elastic recoil. 2. Increases compliance,  3/ decrease in work required to inflate lung during insp.  

Without surfactant, small alveoli tend to empty into larger ones causing them to collapse (atelectasis).
Airway Flow:  Flow through large airways is turbulent and can therefore be heard with stethoscope (breath sounds).  Laminar flow only occurs through small airways.  Major factor determining resistance to flow is diameter of airway (r4).  
· Pousille:  R proportional to length;  R inversely proportional to r4.  

· Driving pressure proportional to gas density (large airways);  gas density and gas viscosity (transitional areas);  gas viscosity (small airways)  D is bigger than

· FINISH NETTER P. 101 !!
Flow-Volume:  review Netter p.101!!  At lung volumes > 75% of TLC, airflow increases with increasing pleural pressure (eg forced expiration).  Below 75% TLC, airflow speed levels off as pleural pressure exceeds atmospheric pressure.  At this point, as you push harder, you decrease airway lumen, so you hit a point of lost return.  At this point, airflow is effort Independent.  
ALVEOLAR PRESSURE (the pressure pushing air out or taking air in) = CHEST WALL PRESSURE + PLEURAL PRESSURE   
Eg: At TLC, chest wall wants to recoil inward (eg +30).  If lung elastic recoil is +10, alveolar pressure will be +30 and there will be significant drive to push air out of lungs.  

Eg: At resting end expiratory level, chest wall is pushing outward (-10) and lung recoil is pressing inward (+10).  Alveolar pressure is 0 and there is no airflow in or out.  

Intrapulmonary Circulation:  
· Blood from heart perfuses lungs via pulm art at rel. high rate (about 5L/min) but at low pressure (about 6 mmHg).  
· In a normal resting adult, lungs contain about 75ml of blood.
· Due to gravity, caps at lung apex are not perfused while those at base are distended.  

· Vascular pressure in pulmonary circulation:  Right ventricle = 25/0;  Arteries: 25/8, mean=14;  precapillary mean = 12;  postcapillary mean = 8;  left atrium mean = 5.  (25/0, 25/8-14;  12, 8, 5)
· Vascular pressure in systemic circulation:  Left ventricle 120/0;  arteries: 120/80 mean = 93;  precapillary 30, postcapillary 10, right atrium mean = 2.  (120/0,  120/80-93, 30, 10, 2)
Ultrastructure of Alveolar/Capillary Unit: Type I pneumocytes form alveolar walls in a similar way that endothelial cells make up the walls of capillaries.  The capillaries and alveoli are all wrapped up in an interstitial matrix (basement membrane).    
