Pulmonary Basic Concepts and Function Testing
Gas Exchange
Respiratory Quotient:    R = VCO2 / VO2
RQ equals 0.8 at rest, rising to 1.0 during exercise.

Alveolar ventilation:    VA = K(VCO2) / PA​​CO2      where K=0.86
Of course, it is arterial CO2 that determines the clinical adequacy of ventilation.
Because CO2 is so diffusible, PACO2 = PaCO2
The alveolar air equation is used to calculate alveolar oxygen from known CO2 levels:


PAO2 = (FIO2)(PB – 47) – (PACO2)/R
where R is the respiratory quotient (0.8 at rest), FIO2 is normally 21%, and PB = 760 mmHg.
Causes of Alveolar Hypoventilation (increased PACO2)

1.  CNS depression caused by sedatives, anaesthesia, paralysis, or respiratory muscle weakness.

2.  Increased dead space ventilation caused by shallow breathing, pulmonary embolus, or severe 

V/Q mismatch.
Causes of Hypoxemia (defined as Hb saturation <90% or a PaO2 <60 mmHg)
1.  Hypoventilation:  the elevated PACO2 lowers PAO2.  Hypoventilation responds well to O2.
2.  Diffusion defect:  caused by various diffusion factors (membrane thickness, etc).  Diffusion 
defects are not normally a cause of hypoxemia at rest.  Responds well to O2.
3.  V/Q Mismatch:  this is the most common cause of low PAO2.  Caused by COPD and asthma.  
V/Q mismatch causes areas with low V/Q ratios (underventilation of the available 
capillary blood flow).  The resulting admixture of blood from well-perfused and poorly-
perfused areas will have a PO2 more closely resembling the poorly-perfused blood.  

V/Q mismatch responds very well to small increases in FIO2 (supplemental oxygen ≈ 24%).


Areas with high V/Q ratios create dead space, but these don’t affect blood gases.
4.  Shunt:  blood bypasses lungs altogether, as in a right-to-left septal defect, atelectasis, 
pneumonia, or pulmonary edema.  V/Q=0.  Shunts respond very poorly to supplemental 
oxygen.  They require 100% O2 and positive end-expiratory pressure (PEEP) only if the 
alveolar filling is diffuse and bilateral.
(Raymond removed images of right shift of the hemoglobin curve due to HbS, (2,3DPG, (pH, (oxygen, (temperature, and a table of V/Q mismatch, shunt, and hypoventilation due to 21 vs 100% A-a oxygen gradient.)
Pulmonary Circulation
Despite receiving all cardiac output, the lung’s circulation maintains low pressure by recruitment 
and distension.  This actually reduces resistance and pressure as flow increases.
If regional alveolar oxygen tension falls (as in pneumonia or high altitude), pulmonary vessels 
undergo “hypoxic vasoconstriction” to redirect blood flow to better perfused areas.

(Raymond removed image of the three lung zones determined by PA and PV.)
Spirometry
FEV1 is the amount of air forcefully expelled in the first second.  FVC is the total maximal 
amount of air that can be expelled.  Normal FEV1/FVC is 80%.

Restrictive ventilatory defects reduce the FVC, with little effect or even an increase in FEV1/FVC.
Restrictive defects reduce both FEV1 and FVC.
Restrictive defects can be caused by three mechanisms:

1.  Stiffening of chest wall (kyphoscoliosis, ankyl.spondylitis, rib fractures)


2.  Stiffening of the lung (fibrosis, pneumonia, pulmonary edema)


3.  Muscle weakness (poliomyelitis, spinal cord injury, ALS)

(Raymond removed image of FEV1 and FVC curves due to restriction.)

Obstructive ventilatory defects reduce the FEV1/FVC, usually with little effect on the FVC.  
Obstructive defects reduce both FEV1 and FVC.

Obstructive defects can be caused by three mechanisms:


1.  Increased airway resistance (upper airway obstruction, bronchitis)


2.  Increased airway tone (asthma)


3.  Decreased lung recoil pressure (emphysema, COPD)

(Raymond removed image of FEV1 and FVC curves due to obstruction.)
Flow-Volume Loops classify airway obstructions.  Upper airway obstructions also block 
inspiratory flow, whereas lower airway obstructions block expiratory flow.
(Raymond removed images of flow-volume curves due to obstruction and COPD.)
Acid-Base Balance in the Lungs
1 mmHg increase in PaCO2 = 0.0008 pH decrease acutely, or 0.0003 pH decrease chronically 

The chronic changes in pH are less because after a few days the kidneys compensate with bicarb.

Diffusing Capacity
Fick’s Law of Diffusion:    D = J/ΔP
Diffusing capacity of the lung is determined using CO and helium.  This is the “carbon monoxide 
diffusing capacity” (DCO), which is frequently altered by changes in lung area (or 
occasionally in membrane thickness).
Diffusing capacity is often an early sign of pulmonary malfunction.

Decreased diffusing capacity alone will not cause hypoxia at rest, but will during exercise.
Diffusion capacity increases with higher pulmonary capillary blood volume (exercise, mild CHF, 
lying down), increased surface area, or increased hemoglobin concentration.
Static Lung Volumes can be determined three ways
(Raymond removed images of respiratory curves and diagram of the various respiratory volumes.)
1.  Helium dilution is used to determine the FRC.

2.  Nitrogen Washout is used to determine the RV.

3.  Body Plethysmography is used to measure thoracic gas volume.

The helium and nitrogen techniques only measure gas volumes in connection with the conductive 
airways.  Therefore, those techniques underestimate lung volume in diseases characterized 
by poorly ventilated sections of lung or closure of airways.  Plethysmograph measurements 
will be slightly higher, and more accurate.
Decreased lung capacity suggests restrictive lung disease.

Increased lung capacity suggests obstructive lung disease.

Static Lung Mechanics

Transmural Pressure (PTM) is the internal pressure minus external surface pressure.

The Elastic Recoil Pressure (PEL) is the force that opposes the transmural distending pressure.
PTM = PEL
Compliance is the distensibility of a structure.  It is the slope (ΔV/ΔP) of a pressure-volume curve.
Elastance is the inverse of compliance (1/compliance) and is the stiffness of a structure.
Some structures show elastic instability at low transmural pressures.  This is called a “critical 
transmural opening pressure” (PTM’).  A structure with a high PTM’ has a strong tendency 
to collapse, and requires high pressures across the wall to get volume to enter.  


A structure with a low or negative PTM’ has a strong tendency to stay patent.
On a pressure-volume curve of the lung:


--Emphysema and other obstructive lung diseases will increase compliance and TLC, so 


there will be a steep slope and a high curve.  


--Fibrosis, respiratory muscle weakness or other restrictive lung diseases will decrease 


compliance and TLC, so there will be a shallow slope and a low curve.

The transmural distending pressure of the lung (PL) is alveolar pressure – pleural pressure.

The transmural distending pressure of the chest wall (PCW) is pleural pressure – body surface pressure.
The distending pressure of the entire respiratory system PRS = PALV - PBS
The pressure-volume curve for the entire respiratory system is less than either the chest wall 
curve or lung curve individually.  The respiratory system compliance is given be:


1/CRS = 1/CL + 1/CCW 

The Total Lung Capacity (TLC) is reached when the inward recoil of the lung and chest wall is 
balanced by the outward pull of the respiratory muscles.  TLC is reduced as a 
consequence of stiffened lungs or chest wall, or weak respiratory muscles.  


Restrictive diseases are characterized by reduced TLC and FRC.






