Respiratory

Oxygen concentration and flow:
1. FiO2 = percentage of oxygen inspired (21% O2 in normal air)
1. FiO2 of prescribed O2 = 100%
2. Breathed in O2 is less because generally also breathing in air through side of mask and
dependant on pt ventilation rate
2. Flow rate = the amount of this oxygen delivered per minute
1. If patient peak inspiratory flow rate exceeds the flow rate, then overall oxygen delivery will be
lower
2. eg. - 100% 15L/min O2 to a patient who has peak inspiratory flow rate of 20L/min = less than
100% O2 delivery
1. Additional factor of entrained air will dilute O2 inspired
Normal tidal volume: 500ml
Dead space: 150ml
Gas exchange: 350ml
Systolic BP: 120/80 mmHg
Pulmonary pressure: 25/8 mmHg
Pulmonary capillary pressure around 10 mmHg
—> Oncotic pressure around 25 mmHg
—> gradient of 15 mmHg keeps alveoli quite dry, no pulmonary oedema(oncotic>orthostatic pressure)
If capillary hydrostatic pressure >25 mmHg —> pulmonary oedema and congestion

Partial pressures:
Air:
21% O2 (can increase this to 100%)

78% nitrogen
Rest is inert gas and CO2
Atmospheric pressure around 100 kPa, therefore:
O2 = 21kPa
Nitrogen = 78% kPa
Alveolar partial pressure:
Diluted by CO2 and is humidified with water vapour, so O2 = 14 kPa
O2 14 kPa sits in alveoli ready for uptake by circulation
P || Partial pressure = the actual concentration
F || % = the proportion.
Can have same % at sea level and Everest, but different partial pressures.
Partial pressures - the medium it is measured in is denoted after the ‘P’
PO2 = atmosphere
PiO2 = inspired gas
FiO2 = % inspired O2
PAO2 = alveoli
PaO2 = arterial
PvO2 = venous

Impairment at any of these points in the journey can —> hypoxaemia

Hypoxia reasons:
Reduced FiO2 (e g altitude)

Reduced FiO2 (e.g. altitude)
Hypoventilation (e.g. ↓ respiratory centre drive, head injury, opioids, COPD, muscular reason etc)
↑ CO2 ↓ O2
Can correct ↓ O2 easily with O2 supplementation, but may still have rising pCO2 if ventilation
not addressed —> ↓ pH
Diffusion pathway impaired

e.g. oedema, fibrosis, tumour, RA, sarcoid
Can overcome this impairment with O2 supplementation
Shunt (no O2 in alveoli)

Eg oedema, pus, consolidation
CO2 usually falls as increase ventilatory rate. But deoxygenated blood increased due to shunt
V/Q mismatch (ventilation and circulation to different parts of the lungs, not well matched)

Most common cause of respiratory failure in patients

V/Q >1 = excessive ventilation relative to perfusion.
Total ventilation and no perfusion = dead space. Value of V/Q = infinity
↑ PaO2 and ↓ PaCO2
Where blood perfusion is reduced, e.g. pulmonary embolism, emphysema where capillaries
are destroyed
V/Q <1 = excessive perfusion relative to ventilation
Total perfusion and no ventilation = shunt. Value of V/Q = ZERO
↑ PaCO2 and ↓ PaO2 - values in arteries will begin to match venous values
e.g. T2RF, blocked air ventilation such as secretions, inflammation etc
Compensation
Areas of high V/Q mismatch cannot compensate for low areas. Will have overall reduced PaO2
and increased PaCO2
Some degree of vasoconstriction around V/Q mismatch can help to offset (e.g. in COPD) —>
diverts blood to areas of lungs with better ventilation
↑ O2 fraction can increase arterial O2 - unless is a true shunt with zero ventilation

PHYSIOLOGICAL DEAD SPACE = ANATOMICAL DEAD SPACE + ALVEOLAR DEAD SPACE

GAS EXCHANGE

Haemoglobin iron atom has lost 2 electrons - in ferrous state - can bind O2 easily
O2 very poorly soluble in blood - mostly on Hb
Each bound O2 (on each of the 4 Hb polypeptide chains/units) causes conformational change —>
makes next O2 even easier to bind, hence sigmoidal curve
Myoglobin - single unit molecule in muscle that binds O2 with extreme affinity (much higher vs Hb pulls O2 from environment)
Methaemoglobin iron atom has lost 3 electrons - in ferric state
↓ ability of that MetHb to bind O2, but ↑ affinity of O2 by other Hb on RBC - won’t unload O2 to
tissues
Normally metHb is 1% of total Hb

TISSUES

CO2 is produced by tissues and water from aerobic respiration
CO2 travels by 3 ways
1. Dissolved in blood (5%)
2. As HbCO2 (20%) - bound to Hb
3. 75% as HCO3- || dissociated and buffered || By combining with H2O —CARBONIC ANHYDRASE—>

carbonic acid (H2CO3) —> HCO3- + H+
1. Hb buffers - H+ ions bind to Hb —> O2 unloads, pH remains stable
2. Chloride shift -> HCO3- transported in exchange for Cl-. This maintains electrostatic charge
between plasma and RBC
LUNGS

% of saturated Hb against the partial pressure of O2 in blood
Sigmoidal curve - O2 has higher affinity when 3 or 4 Hb already bound O2
Rightward shift useful when needing to unload O2 to tissues, in environment of ↑ CO2, ↑ Temp, ↑ H+
↑2,3-DPG
Note the kPa for venous and arterial

Hb can act as a buffer - uptake of H+ and release of O2 if ↑H+

Carbon monoxide

CO binds to Hb 200-300 times more readily than with O2 —> leftward shift
When it binds, it increases affinity for O2 binding —> can have 100% sats
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However, will not readily release O2, so sats are 100%, but tissue respiration ↓ ↓ ↓
Anaemia on dissociation curve

Anaemia - red cells increase 2,3 DPG (CHRONIC, not acute anaemia) — results in RIGHTWARD
shift
Anaemia will cause people to have normal Oxygen Saturation, but lower Oxygen content and lower Oxygen
capacity due to fewer Hb
Reduced affinity for O2
Increased 2,3DPG occurs only with chronic anemia and NOT when patients undergo isovolemic
hemodilution

Respiratory centre - in pons and medulla
Pons - stimulates inspiratory and expiratory movements
Medulla - control respiratory rate
Apneustic centre - stimulates deep long breaths - increases tidal volume
Pneumotaxic centre - inhibits breathing - decreases tidal volume

Ventilation reflexes:
1. Chemoreceptors (central and peripheral)
2 Stretch receptors vagus n

2. Stretch receptors - vagus n

Hering-breuer reflex - bronchi/lung tissue stretch receptors.
Vagus nerve
When stretch receptors activated —> inhibits apneustic centre —> ↓ RR
Mainly applicable in ventilated patients (stretched bronchi)
3. J-receptors (juxtacapillary receptors) —> vagus n
Nerve receptors in alveoli walls next to capillaries, efferent vagal innervation
Respond to hypoxia - e.g. oedema, embolism, pneumonia etc
—> vagus response - hypotension, ↓ HR, skeletal muscle relaxation, rapid shallow breathing, ↑
RR and sense of dyspnoea
Sensation of dyspnoea in lung disease
4. Irritant receptors
Throughout airways between epithelial cells
Respond to noxious/irritant stimuli like smoke, dust, airway deformation etc
Upper airway response —> cough
Lower airway response —> hyperpneoa
Chemoreceptors:
Notes:
pCO2 is the most important control factor of ventilation
—> ↑ pCO2 = ↑ ventilation
pO2 only increases ventilation when 8k kPa
Locations:
Central (floor of 4th ventricle) - detects pH from CO2 levels (as per equation below)
80% of control of ventilation
Detect pH in CSF (indirectly affected by CO2 levels)
Blood-brain barrier impermeable to charged ions like H+ and HCO3
—> CO2 diffuses directly from arterial to CSF and affects pH —> changes ventilation
These lose sensitivity in chronic hypercapnia
Peripheral - sensitive to O2 and CO2 (less than central)
20% of control of ventilation
Carotid body
Aortic body

CO2 production influenced by: exercise, intake (carbohydrate meal), metabolic rate etc
VE (minute ventilation) at rest 5-6 L/min
Exercise —> can be 50 L/min
Change VE according to CO2 levels
Alveolar ventilation = total ventilation MINUS dead space ventilation
Inverse relationship between alveolar ventilation and CO2

PEFR
Measures expiratory flow, which measures airway resistance (e.g. inflammation, spasm)
Depends on age, sex, and height

Pressures in lungs
Elastin in bronchi, lung tissue and alveoli exert continual elastic pressure to contract lungs
This is countered by negative pressure intrapleural space
Chest wall produces the elastic pressure, as it wants to expand. (think in cardiotheracic operation
- chest wall springs open)
Relaxation after inspiration results in recoil of lungs back to neutral due to negative pressures
Surface tissue in alveoli reduced by surfactant (T2 pneumocytes)
Dynamic lung volumes:
FEV1
FVC - maximum air volume in lungs
FEV1/FVC (>75% = normal. Can normally blow out 3/4 lung volume in first second)
All measures: lung elasticity, volume, airway resistance, respiratory muscular strength

Static lung volumes: (spirometry)
Need to know typical lung volumes
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Minute ventilation (VE) - around 5-6L / min (500ml per breath x 12 breaths per min)
Dead space around 150ml
Someone with COPD will have the red line much higher up due to raised baseline hyperinflation
↑ FRC in COPD - larger volume of air in chest at rest = ↓ gas that is actually ventilated O2 due to h
just sitting in lungs (which has a lot of CO2 and ↓ O2 in it). Same amount of fresh air arriving, but
larger resting volume.
↑ FRC = ↑ under ventilated volume of air = ↑ CO2

FRC
Pre-oxygenation
Aim of pre-oxygenation is to oxygenate FRC as much as possible
To ‘wash out’ nitrogen, or denitrogenate,
Can reduce nitrogen from >75% and take O2 from around 13% to 88%
Tolerate apnoea for much longer
FRC
Volume of FRC is around 2000-2500 ml
Therefore, volume of O2 in tidal breathing in FRC is around 200-250 ish ml
Factors affecting FRC
Increased FRC
↑ height
Emphysema
Ageing (due to loss of elastin)
Air trapping in asthma
Decreased FRC
Restrictive diseases
Bad posture
Increased intra-abdominal pressure
IRV - lung volume available after end of tidal inspiration
VC - the volume change in lungs between maximum inspiration and expiration
FRC - the volume of air left in the lungs at the end of eating expiration
TLC - total lung volume at end of maximum inspiration

Compliance = amount of lung volume change per unit pressure (the ease of which the lungs can
be stretched)
Lung Compliance (C) =
Change in Lung Volume (V) / Change in Transpulmonary Pressure {Alveolar Pressure (Palv) – Pleural
Pressure (Ppl)}.

Transpulmonary pressure = difference in pressure between inside alveolar pressure and outside
pleural pressure (within pleural space)
Compliance is inversely proportional to elastic resistance
Low compliance = ↑ work and effort required for breathing

Increased in emphysema (poor recoil pressure) - COPD lost a lot of elasticity - higher compliance to
small pressure change.
Fibrosis and pulmonary oedema = stiffer lungs = ↓ compliance
Factors affecting pulmonary compliance:
1. Lung tissue elasticity - collagen and elastin fibres. Lung usually collapsed in atmospheric pressure due
to elastic recoil.
2. Alveolar surface tension
1.

3. Surfactant

Made by T2 pneumocytes, phospholipid that intersperses between H2O molecules —> Reduces
alveolar wall pressure —> increases compliance

