PATHOLOGY 425
PULMONARY DISEASE
CORRELATION OF PATHOLOGIC ANATOMY AND PHYSIOLOGY
Dr. R. Hegele /Dr. J. Wright

The pulmonary system has several functions, but is most important for its role in respiration.  By use of the muscles of inspiration, air is moved from the environment through the airways to the alveoli.  Gas exchange of O2 and CO2 between the alveoli and the pulmonary capillaries occurs.  Diseases which disturb any of these functional units will result in impairment of respiration.  The degree of impairment as well as its physiologic basis can be assessed through pulmonary function tests.  In this session, two broad groups of respiratory dysfunction, obstructive and restrictive lung disease, will be discussed relating the disease process to its physiological and clinical correlates.

NORMAL RESPIRATION
Inspiration
The diaphragm is the major muscle of inspiration.  When it contracts, the abdominal contents are moved downward and the rib margins are lifted out.  The ribs are also pulled upward by contraction of the external intercostal muscles.  These actions increase the volume in the chest cavity.
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Figure 6‘ Schematic representation of the effeets of a ventilution-perfusion abnormality ou gas
exchange. (Adapted from Comroe, Forster, Dubuis, Briscoe, and Carlsen.! Reprinted by permission
from the authors and Year Book Publisher, Inc.)




Pleural pressure is the result of a balance between the chest cage wanting to spring outward and the lung wanting to collapse because of the elastic recoil capabilities of the lung tissue.  When inspiration occurs, pleural pressure is therefore made more negative.  The degree of negativity is more at the apex of the lung than at the base due to gravitational forces.  This is important ‑ the base of the lung is relatively compressed at rest, but expands better during inspiration.  This explains why the majority of lung ventilation is at the base.  (FIGURE 1)  If you stand on your head, the situation will be reversed.
Expiration
During passive expiration, the lung and the chest wall are elastic and tend to return to their equilibrium position (FRC).  If active expiration is needed, the abdominal wall muscles contract raising intra‑abdominal pressure and forcing the diaphragm upward.  This raises intrapleural pressure (makes it less negative).  The pressure in the alveoli is therefore greater than mouth pressure and air if forced outwards.

This balance between the forces acting in inspiration and expiration explains the values seen in lung volumetric testing.

1)
tidal volume is the volume of gas inspired (and expired) during each breath.

2)
inspiratory reserve volume is the maximum amount of gas that can be inspired above tidal volume.

3)
expiratory reserve volume is the maximum amount of air expired below tidal volume.

4)
residual volume is the amount of gas remaining in the lung at the end of maximum expiration.  The lungs do not empty completely because

a)
surfactant reduces surface tension of alveoli;
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b)
airway closure at low lung volumes.  During active expiration, there is a point at which the pleural pressure is greater (more positive) than the pressure in the airway.  The airway collapses and gas is trapped(FIGURE 2).
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5)
total lung capacity is the amount of gas at the end of a maximum inspiration.

6)
vital capacity is the amount of volume expelled from the lungs during forced expiration from maximum inspiration.
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7)
functional residual capacity is the volume of gas remaining in the lung at the end of a normal expiration.  At FRC there is a balance between the chest wall wanting to spring outward and the lungs wanting to collapse.  Airway pressure is therefore 0; pleural pressure is slightly negative since the forces are still in opposition to each other.  (FIGURE 3)

Therefore:

1)
In order to reach TLC you need effective muscles of respiration

2)
In order to reach RV you need:

a)
effective elastic recoil;

b)
patent airways without increased resistance;

c)
effective muscles of expiration.

3)
For FRC to be in the normal range:

a)
the chest wall must be elastic, e.g. in the days of corsets the chest wall was relatively immobile and therefore could not spring outward and therefore FRC was reduced;

b)
the lungs must have adequate (not too much or too little) elastic recoil

4)
In order for gas exchange to occur there must be:
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a)
adequate ventilation;

b)
adequate perfusion:

i)  
if you ventilate nonperfused areas you are 
wasting your breath;

ii) if you perfuse nonventilated areas, you will 
be hypoxic.

(FIGURE 4)

IN OBSTRUCTIVE LUNG DISEASE
1)
The total lung capacity tends to rise.

Why?
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Figure /o Cause of the regional differences of ventilation down the lung.
Because of the weight of the lung, the intrapleural pressure is less negative at
the base than at the apex. As a consequence, the basal lung is relatively
compressed in its resting state but expands better on inspiration than the apex.
(From West, J. B. Ventilation/Blood Flow and Gas Exchange, 3rd ed. Oxford:
Blackwell, 1977, p. 28.)
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Figure 6 . Effects of decreased compliance (B) and increased airway resist-
ance (C) on ventilation of lung units compared with normal (A). In buth
instances the inspired volume is abnormally low. (Mudified from West, J. B.



The lung becomes more compliant due to loss of elastic recoil because of lung destruction.  Therefore chest wall elasticity predominates.  Compliance is defined as the change in unit volume per unit change in pressure.  Therefore it takes less negative pressure to inflate a compliant lung. (FIGURE 5,6).

2)
The vital capacity decreases.

Why?

The chest wall is already expanded resulting in less of a decrease of pleural pressure on inspiration and therefore inspiratory reserve capacity is decreased.  Similarly, on expiration the lung has lost elastic recoil.  During forced expiration, pleural pressure becomes positive quickly and therefore closing volume (i.e. airway closure) is earlier.  This also explains a) increased reserve volume b) increased functional reserve capacity.

There is also increased airway resistance which contributes to decrease the vital capacity since the forces of inspiration are not great enough to overcome the resistance of airways and therefore inspiration is prolonged and shallow.  (FIGURE 6)  Even more noticeable is the prolongation of expiration seen in the standard spirometric test FEV1.  In this test the expiratory volume in one second is decreased since the flow rate is decreased due to the airways resistance (FIGURE 7).  That airways resistance is the most important component of this decreased flow can be assessed by use of the MMFR (maximum midexpiratory flow rate), theoretically an effort independent rate (FIGURE 8).
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Figure 7 Measurement of forced expiratory volume. FEV, ., and forced vital
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If the FEV1 is decreased ‑ does it mean inspiratory volume is down or flow rates are prolonged.  Since both volume of inspiration and volume expired in one second are decreased in obstructive lung disease the ratio of FEV1 to FVC is important.  If the ratio is decreased, it can be seen that the flow rates are decreased out of proportion to the decreased volumes.

3)
There are ventilation‑perfusion inequalities.

Why?

Because of the patchy nature of disease there is uneven ventilation.  If perfusion continues to these areas, there can be profound hypoxia as well as CO2 retention, because of the lack of ventilation.  (FIGURE 4)

CLINICAL CORRELATES
1)
The patient will have a large chest with increased A‑P diameter since the chest wall elastic forces are not opposed due to the loss of lung elastic recoil.

2)
The patient will use the accessory muscles of breathing to try and generate a greater negative pressure and increase ventilation as a response to hypoxia.

3)
Expiration will be prolonged and the patient may purse his lips.  This action is done to try to increase airway pressure therefore allowing airway closure to occur at a lower lung volume and decrease gas trapping.

4)
Radiology will show the large chest volume with flattened diaphragms.

IN RESTRICTIVE LUNG DISEASE
1)
The total lung capacity decreases.

Why?

The lung has increased elastic recoil (decreased compliance) due to the deposition of fibrous tissue in the alveolar walls.  (FIGURE 5)

2)
Vital capacity decreases.

Why?

The forces of inspiration cannot generate enough negative pleural pressure to overcome the increased elastic recoil of the lung (FIGURE 6).  FRC tends to be only slightly reduced (because of the balance of forces).  RV tends to be normal or slightly reduced because the airways are normal and pleural pressure (positive) does not become greater than airway pressure any earlier than normal and therefore there is no increase in gas trapping.

3)
PO2 may be decreased because of abnormalities of ventilation and perfusion.  Perfusion abnormalities may be the primary cause of the inequality, and therefore administration of O2 may not be particularly helpful.

4)
Flow rates are increased (FIGURE 7, 8) but volumes are low because of decreased vital capacity.  The ratio of FEV1 to FVC is therefore increased showing that the rates are increased out of proportion to volumes.

CLINICAL CORRELATES
1)
The chest is of normal size and configuration.  The patient may be breathing rapidly to try to increase the minute ventilation.

2)
Since ventilation is not impaired in these patients there will be no retention of CO2.  The patient may well by hypoxic, and this typically becomes worse on exercise.

3)
Radiograph will show small lung fields usually with increased interstitial markings.  The diaphragm may well be pulled upwards.
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