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Toowoomba Hospital
Describe the functions of the respiratory tract
· Gas exchange

· Humidify the air

· Warm / Cool the air

· Bronchial secretions with IgA

· Prevent foreign matter from entering alveoli

· > 10 (m – nasal hairs, settle on mucous membrane near tonsils / adenoids due to momentum and not following air flow

· 2-10 (m – on walls of bronchi.  Ciliary escalator moves this up / out

· < 2 (m – reach alveoli – ingested by macrophages

· Pulmonary alveolar macrophages

· Phagocytose particles

· Process antigens for immunologic attack

· Secrete chemotactic factors for neutrophils

· Secrete substances that stimulate neutrophil / monocyte formation in the bone marrow

· Filter toxic chemicals in the blood

· Filter thrombi

· Synthesise surfactant

· Synthesise collagen / elastin

· Synthesise and release into blood – Prostaglandins, Histamine, Kallikrein

· Involved in clotting mechanism (mast cells contain heparin)

· Metabolise vasoactive substances

· Convert AI to AII

}   By ACE, in the pits of capillary

· Inactivate Bradykinin
}   endothelial cell surface

· Remove serotonin (uptake and storage)

· Remove 30% of Noradrenaline (taken up)

· Remove PGE2, PGF2( (enzymatic)

· Remove leukotrienes

· Blood reservoir

Demonstrate the volumes and capacities during quiet and deep respiration
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Volumes
· IRV = Inspiratory Reserve volume (3.3L)

· TV = Tidal Volume (0.5L)

· ERV = Expiratory Reserve Volume (1L)
· RV = Residual Volume (1.2L)

Capacities
· A combination of two or more of the above volumes

· IC = Inspiratory capacity (3.8L)

· IRV + TV

· FRC = Functional Residual Capacity (2.2L)
· ERV + RV

· FVC = Forced Vital Capacity (4.8L)

· IRV + TV + ERV

· TLC = Total Lung Capacity (6L)

· IRV + TV + ERV + RV

· These volumes are those in an average male adult – smaller in females

What is pulmonary compliance?
· Change in lung volume per unit change in airway pressure

· Measure of chest and lung recoil

What diseases impact on this?
· Increased by emphysema

· Decreased by pulmonary congestion, interstitial fibrosis
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What is Surfactant
· Lipid surface tension-lowering agent, produced by Type II pneumocytes

· Law of Laplace states that P = 2T/r in a sphere

· Surfactant decreases surface tension, therefore decreases pressure

· It also prevents oedema, as a higher surface tension (without Surfactant) would suck fluid into the alveoli

· Surface tension is inversely proportional to the concentration of Surfactant.

· During expiration, due to smaller alveolar volume, there is an increased concentration.  Therefore, the surface tension decreases to counteract the Law of Laplace.

What is Dead Space
· Space occupied by air which does not undergo gaseous exchange (ie. That present in the proximal airway)

· Anatomic dead space = respiratory system volume excluding the alveoli

· Physiologic dead space = respiratory system volume not equilibrating with blood

· This is made up of anatomic and alveolar dead space

· In healthy people, anatomic dead space = physiologic dead space.  However, in disease, there are non-perfused segments (therefore no longer match)

Discuss the regional ventilation differences seen in lungs
· Intrapulmonary pressure is equal throughout

· Intrapleural pressure is less negative at the bases

· Therefore less expanded

· Therefore more compliant

· Therefore, increased ventilation at the base.

· This is tallied by increased blood flow at the base (though the increase in blood flow exceeds the increase in ventilation)

What is the closing volume?
· Lung volume at which airways in the lower parts start to close because of decreased transmural pressure (ie. Difference between intrapulmonary and intrapleural pressures)

· In elderly / chronic disease, the lungs lose a degree of elastic recoil.  Therefore, there is decreased intrapleural pressure.  Therefore, airway closure is earlier than in the young / fit.

Describe the pulmonary circulation
· Pulmonary vessels are not as thick as systemic vessels, because of decreased pressures

· Large capillaries, with multiple anastamoses

· Pulmonary artery pressure = 24/9 (mean 15mmHg)

· Capillaries

· Hydrostatic pressure = 10mmHg

· Oncotic pressure = 25 mmHg

· Therefore 15mmHg pressure keeping fluid out of the alveoli

· Perfusion pressure increases as you travel inferiorly

· At the apices, it approximates atmospheric pressure.  Therefore, if increased alveolar pressure or decreased perfusion pressure, the capillaries collapse.  These alveoli then become part of the physiologic dead space.

· Ventilation / Perfusion ratio (V/Q) – usually approximately 0.8

· Increased in upper parts of lungs (drop in ventilation as you go up is less than the drop in perfusion)

Describe regulation of pulmonary blood flow
· Arterioles

· Constrict with Noradrenaline, Adrenaline, Angiotensin II, Thromboxanes, PGF2(
· Dilate with Isoproterenol, Ach, PGI2

· Venules

· Constrict with serotonin, histamine

· Sympathetic vasoconstrictor nerves cause constriction of arterioles and venules

· Passive control is the major mechanism – related to oxygen concentration

· Bronchial obstruction – decreased O2 in distal alveoli, and increased CO2 (decreased pH) – causes constriction of vascular smooth muscle (which shunts blood away from this area)

· Decreased systemic PO2 causes arteriolar constriction, which increases pulmonary artery pressure (and so increased oxygen saturation)
Describe the control of respiration
· There are 2 separate neural control mechanisms

· Automatic (Spontaneous) control

· Voluntary control

· Both control motor neurons to the respiratory musculature

Automatic Control
· Spontaneous respirations are produced by rhythmic discharge of neurons to the respiratory musculature

· No definite automatically discharging neurons responsible for spontaneous respiration have been identified, rather it is thought to be due to an unstable oscillatory neuronal circuit or a network located in the medulla oblongata and termed the “Respiratory Control Pattern Generator”

· The rhythmic discharge from the pattern generator is modified by neurons in the pons, the “Pneumotaxic center”

· The exact physiologic role of the pneumotaxic centre is not known

· Afferents in the vagus from various peripheral receptors and certain central chemoreceptors also modify the pattern generator activity

· There are separate Inspiratory and expiratory neuron groups, stimulating separate groups of muscles

· Inspiratory and expiratory neuron groups reciprocally inhibit each other

Voluntary Control
· Different central pathway from the cortex, bypassing the pattern generator and pneumotaxic centre

Regulation of Respiratory Centre Activity

· Can be divided into chemical and nonchemical factors

Chemical Factors
· Increased PCO2, decreased pH, decreased PO2 will result in increased activity in the medullary “respiratory centre”

· Carotid and Aortic Bodies

· Chemoreceptors located in the carotid bodies and aortic bodies, which respond to increased PCO2, decreased pH or decreased PO2, decreased blood flow
· Responsible for the “hypoxic drive” as the central chemoreceptors do not respond to PO2

· Have enormous blood flow and so the cells’ O2 needs can be met by dissolved O2 alone – therefore, the receptors are not stimulated in conditions such as anaemia or CO poisoning where dissolved O2 is approximately normal.

· Carotid body sends its afferents via the Glossopharyngeal nerve

· Aortic body sends its afferents via the vagus nerve

· Brainstem chemoreceptors

· Located within the medulla but separate from the respiratory centre.

· Monitors the pH of the CSF and interstitial fluid

· CO2 crossing the blood brain barrier is rapidly converted to H2CO3 which dissociates into H and HCO3 – therefore the chemoreceptors monitor PCO2 as well as pH.

· There is an essentially linear relationship between alveolar PCO2 and minute volume until the point where PCO2 (inspired) approximates PCO2 (arterial), and so elimination of CO2 is impossible

· If PO2 falls below 60mmHg, the minute volume is markedly increased.  Falls of PO2 above 60mmHg have only slight increases in minute volume (because any increase in minute volume will decrease arterial PCO2, which will oppose the initial stimulatory effect

Non-chemical factors
· Hering-Breuer Reflex

· Stretch receptors in bronchi and bronchioles terminate inspiration when “overstretched” – via vagal stimulation
· Irritant Receptors

· In trachea and upper airways, activated by a variety of chemical and mechanical stimuli

· Result in bronchoconstriction, coughing, bronchospasm, laryngospasm, mucous secretions, and tachypnoea

· Visceral Reflexes

· Complex reflexes allow protection of the airway during vomiting, swallowing, gagging, straining

· Hiccough and yawn / sigh are further respiratory “activities” requiring alteration in the respiratory pattern.
· Proprioceptors

· Both active and passive movements of joints stimulate respiration

· Baroreceptors

· Carotid sinus, aortic arch, atrial and ventricular baroreceptors inhibit respiration but are of little physiologic importance

· “Higher centers”

· Afferents from hypothalamus and limbic system responding to emotions, pain and temperature also affect respiratory pattern

· “Ondine’s curse” is a loss of automatic respiration without loss of voluntary control
Discuss oxygen transport in the blood
· Oxygen is transported by

· Dissolved O2

· Hb-bound O2 – depends on amount of Hb as well as affinity of Hb for O2

· Haemoglobin

· Made of 4 subunits

· Each subunit has

· Heme

· Polypeptide chain (( or ()

· Each Fe2+ atom binds one molecule of oxygen

· When O2 binds, the 2 ( chains move close together.  This change in conformation facilitates the uptake of further O2 molecules – this explains the sigmoid shape of the O2-Hb dissociation curve

· 1g Hb binds 1.39mL of O2 (though, because of inactive Hb molecules, only 1.34mL in vivo)

· Oxygen dissolved in blood

· Linear – 0.003mL / dL / mmHg PO2

Draw the Oxygen Saturation curve
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· PO2 50 = Sats 85%

What factors affect Hb binding affinity?
· pH – decrease pH shifts curve to right

· Temperature – increased temperature shifts curve to right

· Concentration of 2,3-DPG – increased 2,3-DPG shifts curve to right

Discuss CO2 transport in the blood
1. Solubility in blood = 20 times that of O2

2. Diffuses into RBC, and is rapidly hydrated

· CO2 + H2O ( H2CO3 ( H+ + HCO3

     (    

   (
        carbonic anhydrase
   H+ + Hb ( HHb

3. Other reaction: CO2 + amino proteins ( carbamino compounds

· Total CO2 = 49 mL/dL

· 2.6mL dissolved

· 2.6mL carbamino compounds

· 43.8mL as HCO3

· Deoxyhaemoglobin 

· Binds H+ more readily

· Forms carbamino compounds more readily

· Both of the above reactions occur also in plasma, but in smaller quantities, and slower.

· Because greater hydration occurs in the RBC than in the plasma, HCO3 in the cell increases.  This is exchanged for Cl (“Chloride shift”)

· This increases osmolality in the cell, drawing fluid in, and so increasing cell size.

Discuss how the increased PCO2 in tissues contributes to the Bohr Effect
· Increased PCO2 causes a drop in pH (see above equation).

· Deoxyhaemoglobin binds H+ more readily than oxyhaemoglobin.  Therefore, with a drop in pH, there is deoxygenation of Hb to allow increased uptake of H+.

· This is demonstrated as a shift in the oxygen saturation curve to the right, and allow for offloading of oxygen at the tissue level.

Discuss the buffer systems in blood
· Plasma proteins

· Carboxyl:   RCOOH ( RCOO- + H+
· Free amino: RNH3+ ( RNH2 + H+
· Haemoglobin

· Imidazole groups of histidine residues

· These are 6 times as effective as plasma proteins

· They dissociate less in deoxyhaemoglobin than in oxyhaemoglobin – therefore Hb is a weaker acid / better buffer than HBO2

· Carbonic acid – Bicarbonate system (the most effective)

· CO2 + H2O ( H2CO3 ( H+ + HCO3

     (
        carbonic anhydrase
· pH = pK + log ([HCO3-] / [H2CO3])

· pH = 6.10 + log ([HCO3-] / 0.0301 PCO2)

· pH = 6.10, and pH 7.4 (ie. Shouldn’t be a good buffer.)

· Although, by these equations, this should not be a good buffer, it is the most effective buffer because [CO2] is controlled by respiration and [HCO3] is regulated by the kidneys.
· H2PO4- ( H+ + HPO42-
· pK = 6.80

· PO4 level in blood is too low to be of use

· However, it plays a significant role intracellularly, and in urine.

· With metabolic acidosis / alkalosis, approximately 1/3 of buffering takes place in the blood, the rest occurring intracellularly

· With respiratory acidosis / alkalosis, almost all of the buffering is intracellular.

Describe the classification of hypoxia
· 4 types

· Hypoxic hypoxia (decreased PaO2)

· Anaemic hypoxia (decreased Hb, normal PaO2)

· Stagnant / ischaemic hypoxia (decreased blood flow)

· Histotoxic hypoxia (tissue cannot utilise O2 because of toxin)

Hypoxic hypoxia
· Decreased FiO2 (eg. altitude)

· Gas exchange problems

· Respiratory pump failure

Anaemic hypoxia
· As well as insufficient Hb, may occur in CO poisoning (since decreased Hb available to carry O2

Ischaemic hypoxia
· Can be local or systemic
Histotoxic hypoxia
· Inhibition of tissue oxidative processes

· Eg. Cyanide

Describe the effects of high altitude, including acclimatization
Acute Effects
· At 3000m, PiO2 = 60mmHg – increased ventilation
· 3700m – irritable


}

· 5500m – severe symptoms
}  if unacclimatised

· 6100m – LOC


}

Delayed Effects
· “Mountain sickness” (8-24 hours after arrival, lasting 4-8 days)

· Headache

· Irritability

· Insomnia

· SOB

· N&V

· Decreased UO

· Decreased PO2 causes arteriolar dilation in the brain, causing cerebral oedema

· Pulmonary oedema if rapidly ascend and engage in heavy physical activity in 1st 3 days.

Acclimatisation
· Tachypnoea

· Alkalosis – curve shifts to left

 }  Net increased P50 

· Increased 2,3-DPG – curve shifts to right
 }  (decreased affinity)

· RR gradually increases over 1st 4 days.

· At 1st, the hypoxia is counteracted by decreased PCO2, limiting tachypnoea

· Then increased H+ in the brain allows for further tachypnoea

· This RR slowly decreases over years (as desensitization to hypoxia occurs)

· Increased erythropoietin at 1st, then decreases over 4 days as RR (and so PO2) increases – this leads to increased red cell count in 2-3 days, which remains elevated

· Increased mitochondria / cytochrome oxidase

· Increased myoglobin
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