

Chapter 24 Lung Mechanics Using Plethysmography and Spirometry

Key Points:

The goal of pulmonary function testing (PFT) is to provide an objective evaluation of the efficiency of the respiratory system to ventilate and exchange gases. PFT that has been described in small animal practice includes spirometry and tidal breathing flow-volume loop analysis, plethysmography, and measurement of compliance and resistance.
There are two major lung volume categories: 
1. Dynamic lung volumes, including volumes that are displaced with breathing
2. Static lung volumes, which include gas trapped in the chest.
The dynamic lung volumes include:
· TV = the amount of air in an average breath at rest
· IRV = the amount of air that can be inspired in excess of the normal tidal breath
· ERV = the amount of air that can be exhaled in excess of the normal tidal expiration
· VC = ERV + TV + IRV
The static lung volumes include:
· FRC = the amount of air remaining in the lungs after tidal expiration
· RV = the air remaining in the lungs after ERV

Total lung capacity (TLC) is the sum of VC and residual volume (RV) and includes both static (RV) and dynamic (VC) lung volumes
Dynamic lung volume measurements are typically measured with a device called a spirometer, a simple instrument that is calibrated to measure volumes.
The spirometer is capable of accurately measuring tidal volume and minute ventilation in individual patients. In addition, a spirometer may be used to accurately measure the volume of air delivered to a patient by a mechanical ventilator.
[bookmark: _GoBack]Spirometry can be used to diagnose airway obstructions in veterinary patients with conditions such as laryngeal paralysis, tracheal collapse, or brachycephalic airway disease. Spirometry can also be used to evaluate ventilatory function in animals with neuromuscular disease, or after anesthesia. Spirometry can be performed using a handheld spirometer or a pneumotachograph, which is connected to an endotracheal tube in an anesthetized patient, or attached to a tight face mask fitted over the snout of an awake patient. The pneumotachograph is used to measure flow rates and duration of the various segments of a given breath, including inspiratory time, expiratory time, tidal volume, and peak inspiratory flow (PIF) and peak expiratory flow (PEF) rates

Static lung volume (FRC and VC) measurement requires a different technique. Most commonly, an inert gas dilution method is used; however, plethysmography is considered the gold standard. Gas dilution methodology requires the patient to breathe a known concentration of helium. Helium is relatively insoluble in blood, and over time the concentrations in the lung and the rebreathing device will equilibrate and reach a steady state. Using the equation:
C1 V1=C2 (V1+V2)

Where C equals the concentration of helium and V equals volume, solving for V2 will result in the determination of FRC:
V2=V1 (C1-C2)/C2
The starting volume (V1) and starting concentration of helium (C1) must be known.
In individuals with air trapping, the FRC measured by plethysmography is greater and more accurate than that measured by helium dilution.
The technique is based on Boyle’s law, which states that there is a constant relationship between pressure (P) and volume (V) at a constant temperature, or mathematically, P1 x V1 = P2 x V2.
Plethysmography measures total lung volume, functional residual capacity, and residual volume of the lung.
In human medicine, it is largely accepted as the gold standard test for determining lung volumes, particularly in cases of airway obstruction.
Standard methodology used in plethysmography designed for human use typically includes an airtight box (the plethysmograph) in which the subject sits and breathes through a mouthpiece. The mouthpiece contains a shutter that may be opened and closed electronically. The subject is asked to breathe against the closed shutter at end-expiratory lung volume. Changes in the pressure measured at the mouth (reflecting alveolar pressure) and the changes in pressure in the box (reflecting thoracic gas volume) are recorded. FRC is then calculated as follows:

[image: ]

As the patient inhales against the closed mouthpiece, the chest cavity and lungs expand, decreasing pressure within the lungs. The increase in thoracic volume increases pressure within the closed system of the box, and the volume of the box decreases to accommodate the new volume of the patient’s body. The volume within the lungs is then calculated using Boyle’s law, which is a useful way of evaluating a patient for objective evidence of lung disease. For example, a large residual volume/total lung capacity ratio with a large total lung capacity indicates hyperinflation, whereas a large ratio with a normal total lung capacity indicates air trapping.
Plethysmography can occasionally overestimate lung volumes in patients that are panting or hyperventilating.
Assumptions with plethysmography:
· Assume that there is no flow during respiratory efforts against a closed airway, hence FRC is a static lung volume. This assumption is important in validating that the mouth pressure (airway opening pressure, Pao) is equivalent to alveolar pressure (Palv). Theoretically, airflow could occur within the upper airways (shunting) and result in underestimation of alveolar pressure and thus the over- estimation of FRC.
· Assume changes in pressure are uniform across the lung.
· Assume that air in the gastrointestinal tract is either insignificant or not compressed during occlusion, which is generally true.

Barometric whole-body plethysmography
In this technique, signals are recorded as a net result of both thoracic and nasal airflow. Exhaled air, which is humidified and warmed, creates a larger pressure change than inspired air even though the flow rates are identical. A pneumotachograph of known resistance is mounted on the wall of the chamber in which the animal is placed, and a pressure transducer is connected to the recording device. The animal moves around the chamber freely and signals produced by inhaled and exhaled air are recorded. The relationship between effort and flow with respect to amplitude and timing can then be evaluated. This technique is useful for evaluating bronchoconstriction in laboratory animals and is well tolerated in small animals, even in cats with asthma that are in respiratory distress
Head-out whole-body plethysmography 
This modified technique was developed for use in dogs to overcome the tendency of canine patients to pant when in an enclosed box, thereby rendering plethysmographic measurements inaccurate. In this tech- nique, dogs are placed in an airtight glass box that has a fixed volume, with their heads protruding out of the box. A pneumotachograph and face mask are then fitted over the nose and mouth and flow measurements are obtained

Questions:

1. Dynamic lung volume measurements are typically measured with a device called a spirometer, a simple instrument that is calibrated to measure volumes. T or F?


2. List 2 ways that static lung volumes are measured.


3. In individuals with air trapping, the FRC measured by plethysmography is greater and more accurate than that measured by helium dilution. T or F?

4. The technique of plethysmography is based on __________________________ law, which states that there is a constant relationship between pressure (P) and volume (V) at a constant temperature.

5. Plethysmography measures total lung volume, functional residual capacity, and residual volume of the lung. T or F?


Answers:

1. True
2. Gas dilution, plethysmography
3. True
4. Boyle’s law
5. True
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