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1. Introduction

Respiratory functional tests in conscious, standing horses are restricted by the size and temperament of these animals. Such tests cannot rely on active patient co-operation and need to be minimally invasive to avoid interfering with the animal’s normal breathing. Conventional pulmonary function tests used in horses determine airway resistance and dynamic compliance from pressure and flow signals produced by spontaneous breathing. Such tests are invasive and cannot be used for current clinical evaluation, as they require the introduction of an oesophageal balloon-tipped catheter for the measurement of pleural pressures. Impulse Oscillometry or IOS is a non-invasive alternative technique based on the forced oscillation principle which requires neither sedation nor catheterization. Compared to other forced-oscillation techniques, the IOS produces short multifrequent impulse signals. The IOS technique is currently used in human and paediatric medicine (Bisgaard and Klug 1995, Hellinckx et al. 1998, Klug 1997, Villa Asensi et al. 1998, Vogel and Smidt, 1994) and has been validated in calves (Reinhold et al., 1998). 

An IOS device has recently been adapted to the equine species (IOS Masterscreen, Jaeger GmbH, Würtzburg, Germany). The aim of our study was to validate the IOS technique in the equine species as well as test its applications for the evaluation of respiratory function in healthy and diseased horses.

2. IOS measurement technique

The IOS does not rely on the patient’s spontaneous respiration to obtain pressure and flow signals but uses an external generator (loudspeaker) to create such signals which are forced into the respiratory system. The IOS adapted to horses is represented on Figure 1. The loudspeaker (1) produces short pressure impulses which are sent to the respiratory tract under investigation via a flexible tubing (2) and an airtight face mask (5). The horse’s respiratory system responds to the excitatory impulses by producing specific pressure and flow signals which are superimposed to the animal’s respiration. A pneumotachograph and pressure transducers (4) record these signals which are then computed to yield impedance (Z), resistance (R) and reactance (X) of the respiratory system in a range of frequencies from 5 to 35 Hz. 
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Figure 1 : The IOS device in the horse
(1) Loudspeaker


(4) Pneumotachograph and pressure tranducer

(2) Flexible tube 


(5) airtight face-mask

(3)Terminal resistance


3. Application of IOS to evaluation of respiratory mechanics in healthy horses 
Standardisation of IOS measurements in horses

Feasibility and reproducibility of IOS measurements were assessed. IOS measurements were standardised and the influences of head position, dead-space and air-leaks in the mask, and the presence of an oesophageal catheter were determined. All measurements performed with the IOS were systematically matched and compared with measurements made using the conventional reference technique (CRT). Total pulmonary resistance RL and dynamic lung compliance Cdyn were the respiratory mechanical parameters measured with CRT.

Measurements were performed in 7 standing healthy adult horses at rest. The IOS test lasted 30 seconds and data was computed in 30 seconds. All horses tolerated the test well and breathing pattern was not altered by the impulses. In comparison, each CRT test lasted at least 15 minutes and regular breathing was necessary to obtain coherent values for RL and Cdyn.

Ten consecutive IOS measurements yielded repeatable results. Parameters R and X from 5 to 15 Hz, thought to best reflect the animal’s respiratory system, were the most repeatable (97% of measurements were comprised in an interval of 0.010kPa/l/s compared to mean value of each measurement). Resistance values peaked at 20 Hz and R20Hz was the least repeatable parameter. This could be due to a resonance phenomenon. 

Head position could be modified from an angle of 90.2 ( 7.2° to 62.7 ( 5.4° without significantly altering R and X throughout the frequency range. Similarly RL and Cdyn were not influenced by changes in head position. Air-leaks in the face-mask resulted in the underestimation of R from 5 to 35 Hz and of X at 5 Hz, values of X from 15 to 35 Hz were over-estimated. The presence of the oesophageal catheter did not significantly alter IOS measurements.

Although head position of the horse at rest has minimal influence on respiratory mechanical parameters, standardised positioning and tightening of the face-mask is essential to achieve correct measurements with the IOS device in horses. IOS tests were quicker and more reliable than CRT tests.

Determination of physiological reference values for IOS

Normal values are useful to determine the degree and level of functional impairment induced by specific respiratory diseases and for subsequent interpretation of individual IOS values. Physiological reference values for IOS parameters were determined in 30 healthy adult horses (aged 2 to 18 years, weighing 345 to 640 kg). Normal values for IOS parameters are shown in Table 1 .

Table 1 : Respiratory mechanical parameters values measured by IOS and CRT measured in healthy horses. Results expressed as mean ( standard deviation.
IOS Resistance R (kPa.l-1s)
IOS Reactance X (kPa.l-1s)

R 5 Hz
0,059 (  0,007
X 5 Hz
0,012 (  0,004

R 10 Hz
0,074 (  0,012
X 10 Hz
0,010 (  0,005

R 15 Hz
0,073 (  0,009
X 15 Hz
-0,015 (  0,008

R 20 Hz
0,091 (  0,009
X 20 Hz
-0,031 (  0,020

R 25 Hz
0,078 (  0,005
X 25 Hz
-0,027 (  0,015

R 35 Hz
0,066 (  0,007
X 35 Hz
-0,039 (  0,009

CRT parameters

RL   (kPa.l-1s)
0,033 (  0,006
Cdyn (l.kPa-1)
21,556 (  4,101

Original predictive equations of R were then obtained in healthy adult horses according to age, weight and size. Bodyweight and thoracic circumference were the only biometric parameters which influenced values of R, age and height having no significant influence on R in the group under investigation. Values of R beyond 15 Hz were not correlated to biometric variables and were thought to reflect mainly resistance of face mask and measuring device.

The next step was to apply the IOS technique to measurements of impaired respiratory conditions in horses. The aim of this study was to compare the IOS technique to the current conventional reference technique (CRT) in their ability to detect functional changes at different levels of the respiratory system in horses with either upper or lower airway obstruction. Three clinical studies were carried out. 

3. Evaluation of IOS in horses with upper airway obstructive conditions

In a first study, measurements were made in 6 healthy horses before and after obstruction of a nare (NO). The right nare was obstructed with a thick cotton wadding, fixed externally with tape. IOS and CRT measurements were performed in random order. All results obtained with the IOS were systematically compared to the ones obtained with the CRT. 

In a second study, respiratory mechanical parameters were recorded using IOS and CRT in random order in six horses before and after a transient induced left laryngeal hemiplegia (LLH). Reversible LLH was induced by local anaesthesia of the left cricoarytenoideus dorsalis muscle (Ducharme et al., 1994). An endoscopic examination of the larynx was performed before and 5 minutes after the injection and after both respiratory function tests to control persistence of LLH throughout the protocol. All horses were considered to have grade IV LLH (Ducharme and Hackett, 1992). IOS and CRT were performed in random order and results were compared. 

All the spectral resistance values were significantly increased (P(0.05) after NO and LLH except at 35 Hz. The frequency curve for R shifted upwards but frequency-dependence remained identical. IOS reactance values remained constant. Mechanical parameters obtained with CRT were not significantly modified by neither upper airway obstructive conditions. 

Only the IOS technique was sensitive enough to detect two common upper airway obstruction in horses at rest. However oscillometric parameters could not enable differentiation between nasal and laryngeal obstructions.

4. Evaluation of IOS in horses with Chronic Obstructive Pulmonary Disease (COPD)

COPD is a common allergic disease in horses which can result in severe bronchial obstruction (Robinson et al. 1996). In a third clinical protocol, the same oscillometric and conventional parameters were evaluated in six COPD-affected horses during an acute phase of the disease (crisis) induced by natural allergen inhalation challenge and after a 3-month period of clinical remission in pasture.

The IOS was well tolerated by all horses and yielded more repeatable results than in healthy horses. As expected during acute crisis, total pulmonary resistance (RL) significantly increased and dynamic lung compliance (Cdyn) significantly decreased in comparison with the remission period (P<0.05). Similarly, R at 5 Hz was significantly higher during crisis compared to remission but R from 10 to 35 Hz remained unchanged. X from 5 to 20 Hz was significantly lower during acute crisis compared to remission values. X25Hz and X35Hz were not significantly modified between the two periods. Frequency-dependence of R at low frequencies and an overall decrease of X more marked at lower frequencies during the acute phase of COPD have been observed in horses (Young et al., 1997) and in other species in relation to peripheral airway obstruction (Clercx et al., 1993, Gustin et al, 1989, Reinhold et al.1996, Van Noord et al, 1991, Wouters et al., 1988). 

6. IOS : perspectives for the evaluation of equine respiratory function

The IOS is a quick, reliable, comfortable and non-invasive method for the evaluation of respiratory mechanical parameters in horses which can be used for research purposes and clinical investigation in untrained horses. The use of IOS confronts the clinician to learning and understanding the often intricate physical basis of oscillometry and its parameters.

The frequency-behaviour of oscillometric parameters R and X changes according to the level of obstruction in the horse’s respiratory tract, enabling to differentiate between upper or lower airway dysfunction. Peripheral airway obstruction causes modification of X and R at low frequencies whereas obstruction of upper airways results in a global increase of R at all frequencies up to 35 Hz. The IOS is a more sensitive technique than CRT in detecting upper airway obstructions and in differentiating between peripheral and upper airway mechanical dysfunction. Although the IOS technique can measure functional impairement caused by LLH in horses, it is restricted to measuring respiratory mechanics in resting patients and cannot be used for the evaluation of other dynamic respiratory problems during exercise.

Additional information will be gained by computing and examining parameters below 5 Hz, considering the size of the equine species. Lower frequency range are currently used in other forced-oscillation techniques for the evaluation of respiratory function in horses (Hall et al., 1990, Mazan et al., 1999, Young et al., 1997). Because of the complex mathematical approach of IOS parameters, further investigation will also enable to determine and calculate new parameters based on models to increase sensitivity and specificity of IOS measurements in horses, such as calculation and elimination of mask shunt compliance or determination of bronchial reactivity. 
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