Effect of respiratory gases on duration of forced expiratory tracheal noises 
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Resume

We studied duration of forced expiratory tracheal noises in normal pressure and different respiratory gas mixtures:  air, oxygen-helium mixture (O2-He) and oxygen-krypton mixture (O2-Kr). Mean group acoustical and flow durations of forced expiration increased with gas mixture density. Individual reactions on increase of gas density were different. Probably expiratory airway conductance depends much upon individual details of pleural pressure dynamics during forced expiration. We believe that measurement of duration of forced expiratory tracheal noises could be useful in monitoring respiration in divers.  
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INTRODUCTION. Duration of forced expiratory tracheal noises increases in patients with chronic obstructive respiratory disease (COPD) and bronchial asthma (BA) [1]. The duration is a sensitive parameter to detect a reduced airway conductance. This parameter is more sensitive than forced expiratory flows in detection of abnormal airway conductance in a group of patients with light bronchial asthma [1]. We suppose that duration of forced expiratory tracheal noises will be a useful parameter for estimation airway conductance in divers. 

Purpose of this paper is to study duration of forced expiratory tracheal noises in different respiratory gas mixtures and normal pressure. 

METHODS. We studied 20 normal volunteers (13 men, 7 women) aged 20-57 years.  All the volunteers performed forced expirations breathing air with 21% O2 and oxygen-helium mixture (O2-He) with 21% O2. Seven volunteers performed forced expirations breathing oxygen-krypton mixture (O2-Kr) with 21% O2. 

Each volunteer trained to perform forced expiration. Then a volunteer breathed from pneumatic system contained a bag, valves and gas switches. We filled the bag with air, O2-He, or O2-Kr and calibrated the flow meter ETON-01-22 (Russia).  The volunteer breathed 3-4 minutes to fill lungs with a gas mixture, then inspired to vital capacity, switched from the bag to a flow meter and performed forced expiration.  Simultaneously with gas flow we registered forced expiratory tracheal noises by virtue of electret microphone with stethoscope nozzle. The volunteer fixed microphone by his hand on the anterior lateral larynx wall.  The volunteer made forced expiration a few times. 

We analyzed digitized flow and sound signals in the following way. The sound signal was filtered (Band Pass; center - 1100 Hz; width - 1800 Hz; steep – slowest). The resulting signal is within 200-2000 Hz band and contains the main part of forced expiratory tracheal noises. We considered signal visually and measured duration of forced expiratory tracheal noises Ta as time interval between start and disappearing of tracheal sounds above the pre- and past-expiration levels.  We choose 3 maneuvers with maximal Ta in each gas mixture. With the flow meter we measured standard flow and volume parameters of the forced expiration including Ts – volumetric duration of forced expiration. Also we got flow-volume and flow-time charts.  We analyzed the data with non-parametric Wilcoxon t-test. 
RESULTS. The mean Ts in air (3.89 s) was more then in O2-He (3.76 s) and less then in O2-Kr (5.00 s). Thus Ts was less with an increase of the density of gas mixture. VC and FVC did not change with gas mixture. In the group PEF, MEF25, MEF50, MVF25-75 were reduced with increasing the gas mixture density (p<0.02). The data are in accordance with concepts of the forced expiration mechanics. Our data are the first with experimental proof that flows are reduced when nitrogen in air is substituted for krypton. While individual variations of this relationship are large. In some subjects there is no significant difference between flow-time relationships for a pair of different gas mixtures. There is no any difference between flow-time relationships for all gas mixtures in the flow range < 2.5 l/s. 
The mean Ta was 2.84 s, 2.43 s, 3.90 s in air, O2-He and O2-Kr respectively. Wilcoxon t-test of group differences of Та for different gas mixtures demonstrated that Та is more in O2-Kr than in O2-He (p < 0.02). Differences between all other pairs of Ta are not significant.  Analysis of individual Та revealed that increase of gas mixture density did not result in increase of Та in some patients.  
We studied correlation between individual acoustical duration of forced expiratory tracheal noises and flow-volume parameters of forced expiration. In all the gas mixtures a maximal correlation (Spearmen coefficient) was obtained between Ta and ratio FVC1/FVC (r = -0.64 in O2-He; r = -0.89 in air; r = -0.89 in O2-Kr; p < 0.003).
A significant correlation between Ta and Ts was obtained only in O2-He (r = 0.61; p < 0.005) and in air (r = 0.87; p < 0.00001). There is no significant correlation between changes in Ta and changes in flow-volume parameters of forced expiration when gas mixture was changed.  

DISCUSSION. Individual differences of effect of gas mixtures on Ta and Ts demonstrate that expiratory airway conductance depends upon both gas mixture density and individual lung and airway parameters and peculiar details of pleural pressure dynamics during forced expiration. One may suppose that some details of such dependence could be revealed by a simulation.  
This work was supported by the State Program of Support for Leading Scientic Schools project NSh - 5616.2006.1, grants of RFBR 06-08-08069-OFI, FEB RAS 06-1-P12-043 (program of RAS Presidium “Fundamental Sciences – to Medicine”.  
References

1. Korenbaum V.I., Pochekutova I.A. Acoustical-biomechanical interdependences in human forced expiratory noises production // Vladivostok: Dalnauka, 2006. 148 p. ISBN 5-8044-0564-0. 















