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A. A No-show and a Mismatch.
Abbreviations.

a, arterial; A, alveolar; B, barometric (i.e. of the atmosphere);  C02, carbon dioxide; F, fraction; I, inhaled; mmHg or torr, pressure in millimetres of mercury (torricelli); O2, oxygen; P, partial pressure of a gas; S, saturation (%). Formulae assume partial pressures of gases in mmHg. For kPa multiply by 0.133.
A fifty-four year old man fails to turn up for his bowls game and does not answer the telephone. Friends from the club enter his flat through the back door and find him lying on the kitchen floor, unresponsive and breathing stertorously. The ambulance crew find that his right limbs are floppy and his Sa02 is 75%. He does not rouse during transport. On examination in hospital he remains comatose, his right chest is dull to percussion and his blood white cell count is markedly raised.
His neurological diagnosis is a cerebrovascular accident (CVA); he has suffered a 'stroke'. 
* What respiratory system problem might be present? 

* Is he significantly hypoxemic? 

An arterial blood gas (ABG) sample is taken from the radial artery at the wrist. His PCO2 is 65 mmHg. He has marked hypercapnia.
* Is high-dose oxygen dangerous as he might be insensitive to CO2 and dependent on hypoxemia to drive ventilation? 

He remains severely hypoxic and hypercapnic even on high-dose inhaled oxygen. 
* What measure could be used to reverse his hypoxia and hypercapnia? 

He is thought to be at risk of death from respiratory failure. He is intubated with an endotracheal tube and mechanically ventilated with 70% oxygen in the intensive care department. He is nursed lying on his right side and on his left side alternately with turns at two hourly intervals. 
* Why? 

His ABG values are noted to vary with his position. The following values are representative: 

Right side up: pH 7.43, PaCO2 32 mmHg, PaO2 123 mmHg 

Left side up: pH 7.45, PaCO2 30 mmHg, PaO2 76 mmHg

* In spite of his condition, his PaO2, at least in one position, is high. Why is this? 

* His PaCO2 values are below normal - his lungs seem to be working 'better than normal' in this regard. How can this be? 

The function of the lungs as a whole-at least the oxygen transport function-can be summarised in a single number; the difference in partial pressure of oxygen between the alveolar gas ('A') and the arterial blood ('a'). This is known as the "alveolar-arterial gradient for oxygen" (say "Aa gradient" or "Aa difference"). Appendix I gives a derivation of this value, and in Appendix II a clinical shortcut for obtaining this is shown. 
* What is the A-a difference for a healthy subject breathing room air (21% oxygen) with a PaCO2 of 40 mmHg and a PaO2 of 97 mmHg? Calculate this using either the long form (appendix I) or the shortcut (appendix II). If time, obtain both answers and consider whether the shortcut is valid. 

For the two positions in which the patient is nursed, the A-a diffence is calculated as follows. 

Right side up: FI02 0.7, PaCO2 32 mmHg, PaO2 123 mmHg: 

(760-47) * 0.7 - (32/0.8) + 2 - 123 = 338.1 mmHg 

Left side up: FI02 0.7, PaCO2 30 mmHg, PaO2 76 mmHg: 

(760-47) * 0.7 - (30/0.8) + 2 - 76 = 387.6 mmHg
* How does the Aa difference in this patient compare with the value expected at his age?

So, gas exchange is better when the patient is "right side up", with the pneumonic right lung ('consolidated', by alveolar filling with neutrophils and bacteria) uppermost, and the aerated left lung dependent (downwards). 

* If the improvement in oxygen transfer in the dependent position is due to the matching of ventilation (of the alveoli, by gas) with perfusion (of the capillaries, by venous blood), can you suggest a reason why the arterial oxygenation is better when the aerated lung is dependent?

* Why isn't hypercapnia a problem, even when he is left side up?

B.  Reading the Volumes

Reference ranges.

Hemoglobin, adult, g/l. Female 120-156, male 138-172. Carboxyhemoglobin. Less than 2%. 


Mrs A, Mrs B and Dr C are in the pulmonary function testing room. Mrs A, aet. 48, has scoliosis, a rotational deformity of the spine. She is planning to have an orthopedic procedure requiring general anesthesia, and the anesthetist has requested evaluation of her pulmonary function. Mrs B, 38, has been referred for investigation of gradually increasing shortness of breath with exertion. Dr C, 28, has volunteered to act as a normal control. Each of them is well in other ways and none of them smokes.


Weights and heights are, respectively (kg:m): Mrs A, 58:1.7; Mrs B, 82:1.65; Dr C, 72:1.7. Calculate their BMIs (kg/m2). 

* Could these have any significance in the present setting?
Results from blood tests arranged the previous day are as follows. Hemoglobin (g/l) Mrs A, 145; Mrs B, 155; Dr C, 135. 

* Suggest interpretations of these values from a respiratory perspective. 

Carboxyhemoglobin (percentage of hemoglobin): Mrs A, undetectable; Mrs B, 12; Dr C, 4. 
* What does COHb indicate? 

* Suggest interpretations of these values.

Peak flow testing for Dr C. gives 320, 410 and 420 l/min.


* What are advantages and disadvantages of this test?
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Using a spirometer, forced expiratory volume in 1 s. (FEV1) and forced vital capacity (FVC) are measured with the following results (shown above). FEV1 (litres) Mrs A, 2.7; Mrs B, 1; Dr C, 4. FVC (l) Mrs A, 3; Mrs B, 3; Dr C, 5. 

* Calculate the FEV1/FVC ratio for each person and comment on the findings.

Using a pneumotachograph, rate of airflow is measured during quiet breathing and gas volumes are calculated. The subjects are asked to exhale forcefully from maximum inspiration, then to inhale again to vital capacity, which is the origin in these recordings.  The plotted flow/volume loops are as follows.
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* Which points on these loops represent Vital Capacity and Residual Volume?

* Could Peak Flow and Vital Capacity be obtained from these flow/volume curves?

The expiratory part of the loop has an asymmetrical course, rising quickly to a high flow rate and then falling slowly. 
* Is airway resistance to airflow greater in inspiration or in expiration? 

* Why are there two phases in the expiratory flow trajectories? 

* Why is this phenomenon more marked in the recording from Mrs B?

* Can you suggest a diagnosis for Mrs B's pulmonary condition?

* Can you interpret the curve for Mrs A in terms of her condition? 


* From the curve of Dr C what is her vital capacity?

Dr C. is given inhaled metacholine and her FEV1 and FVC re-measured. FEV1 falls by more than 20% even with a low dose (1 mg/ml), with little reduction in FVC. Metacholine (or methacholine) is a cholinergic agonist that induces smooth muscle contraction. 

* Why is this test performed? 

* What is your interpretation of the result? 

* How are the effects of this test reversed after the procedure?


This page and the other respiratory clinical problems are available with further information and links at http://www.health.auckland.ac.nz/physiology/neurophysiology/public/teaching/respiratory

_probs/default.html or at http://textbox.webhop.info/physiology_teaching/respiratory_physiology/cl

inical_problems.  We suggest that you do not look at the demonstrators’ notes until after the class. 

	Appendix I.  The Alveolar-arterial Gradient for Oxygen.

The alveolar-arterial gradient for oxygen (in spoken form, the "Aa gradient" or "Aa difference") allows the function of the lungs in transferring oxygen from air to blood to be expressed in a single figure (expressed as mmHg, i.e. as a pressure difference). The first step in calculating this (the alveolar gas equation) takes into account the reduction in PO2 in the lungs (compared with the oxygen in the inhaled gas) caused by the presence of carbon dioxide in the lungs. 


The Alveolar Gas Equation. 

PA02 = PI02 - PaCO2/R + f

where: 


f is a correction factor: assume that f = 2 mmHg.

R is the 'respiratory exchange ratio', indicating the ratio of carbon dioxide produced to oxygen consumed and arising from the action of cellular respiration, and is somewhat variable with diet. Assume R = 0.8.

PI02, the partial pressure of inhaled oxygen, is obtained from the pressure of atmospheric gas, the water vapour pressure, and the oxygen fraction of the inspired gas, by the following formula 


PI02 = (PB - PH20) X FI02
where: 

PB is barometric pressure, which varies with temperature, height above sea-level and the weather. For this exercise use the barometric pressure standard of 760 mmHg.
PH20, the water vapour pressure, is the "humidity" of the gas. This depends on the water saturation and the temperature. At normal body temperature the inhaled gas is fully saturated with water in the upper airways and PH20 is 47 mmHg.
FI02 is the fraction of oxygen in the inspired gas mixture. Room air is 21/100 or 0.21; gas administered by mask or by machine may exceed this. 

The Alveolar-arterial Gradient (Aa gradient) for oxygen. 


P(A-a)O2 = PA02 - PaO2 

where: PAO2 is obtained from the alveolar gas equation and PaO2 from arterial blood gas results. 




Appendix II. A Shortcut for the A-a Difference.

In clinical practice shortened forms of equations are often sufficient for everyday tasks. Here is an abbreviated version of the alveolar gas equation used at the Middlemore Hospital Emergency Department (source, Wayne Hazell. Emergency medicine at your fingertips. Roche Auckland 1998; p. 30): 

PAO2 = [710 X FI02] - [PaCO2 X 1.25] 

Alveolar-arterial oxygen gradient P(A-a)O2 = PAO2 - PaO2
Normal value = [age/3] - 3 mmHg

