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Using the forced oscillation technique to evaluate respiratory resistance in individuals with silicosis



Original Article Using the forced oscillation technique to evaluate respiratory resistance in individuals with silicosis* JAYME ALVES DE MESQUITA JÚNIOR 1 , AGNALDO JOSÉ LOPES 2 , JOSÉ MANOEL JANSEN 3 , PEDRO LOPES DE MELO 4



ABSTRACT Objective: To evaluate the resistance values obtained through the use of the forced oscillation technique in patients with varying degrees of airway obstruction resulting from silicosis. Methods: A total of 40 never-smoking volunteers were analyzed: 10 were healthy subjects with no history of pulmonary disease or silica exposure, and 30 had silicosis. The forced oscillation technique was used to examine the subjects, and spirometry was used as a reference in order to classify the obstruction by degree. This classification resulted in five groups: control (n = 10); normal exam, composed of individuals diagnosed clinically and radiologically with silicosis but presenting normal spirometry results (n = 7); mild obstruction (n = 10); moderate obstruction (n = 8); and severe obstruction (n = 5). Results: The reduction observed in the spirometric values corresponded to a significant increase in the total respiratory resistance (p < 0.001), as well as in airway resistance (p < 0.003). A significant reduction in ventilation homogeneity was also observed (p < 0.004). Conclusion: In individuals with silicosis, the additional respiratory resistance-related data obtained through the use of the forced oscillation technique can complement spirometric data. Therefore, the forced oscillation technique presents great potential for the analysis of such patients.
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INTRODUCTION Silicosis is a typical occupational respiratory disease characterized by provoking irreversible alterations throughout the alveolar and interstitial structure.(1) In Brazil, the estimated number of workers engaged in activities that put them at risk for silica exposure is greater than 6 million.(2) Silicosis predisposes the organism to a series of pulmonary and extrapulmonary comorbidities, such as tuberculosis, emphysema, chronic airflow limitation, autoimmune diseases, and lung cancer.(3) Spirometry is the exam of choice for evaluating pulmonary function in individuals with silicosis.(4) In silicosis, there are no typical dysfunction patterns, and the detection of early functional alterations is technically very difficult since the disease begins in the distal airways. In simple silicosis, with no other accompanying diseases, spirometry results are generally normal. In the more severe form of the disease, there are two effects on pulmonary function: fibrosis causing restriction and development of secondary emphysema causing hyperinflation and reduced airflow.(5) Some authors(6) observed that the alterations in airway resistance, which is measured through plethysmography, significantly influence the prognosis of the health status of individuals exposed to dust. Others(7) observed that airway resistance was largely dependent on the status of the disease, and that there was an increase in airway resistance due to a reduction in vital capacity and forced expiratory volume in one second (FEV1), as well as to an increase in residual volume. Silicosis does not present its own symptomatology and, as previously emphasized, normal spirometry results are common in the initial phases,(8) which suggests the need for exams that are more sensitive to the alterations induced by the physiopathological process. Originally described in 1956,(9) the forced oscillation technique (FOT) is based on the application of lowpressure and low-amplitude oscillations to the respiratory system of an individual using an external device.(10-11) The pressure oscillations applied allow the respiratory system impedance to be estimated and the properties related to heat dissipation in the respiratory system (resistance), as well as those associated with energy storage (complacency and inertance), to be described. Since this technique J Bras Pneumol. 2006;32(3):213-20



requires only passive cooperation, is applied during spontaneous respiration, and provides new parameters for analysis, it presents characteristics that are complementary to those of the classic techniques and contributes to a more detailed exam. In addition, it facilitates the performance of pulmonary function tests under conditions for which the traditional techniques are not appropriate.(10-11) Important examples include the analysis of respiratory disorders in children,(11) sleep apnea,(11-12) and assessment of nasal obstruction.(11,13) However, the FOT is still an experimental technique whose clinical application still depends on several factors, such as the exact identification of the more appropriate parameters for the diagnosis and monitoring of each specific respiratory disease. Therefore, our group has put much effort into researching the FOT contribution to the analysis of the abnormalities in respiratory mechanics associated with diseases such as asthma,(14) chronic obstructive pulmonary disease,(15) sarcoidosis, (16) and interstitial diseases,(17) as well as to investigate the effects of the use of bronchodilators in asthma,(18) chronic obstructive pulmonary disease, (19) and sarcoidosis.(20) These studies will make it possible to optimize the methodology and the measurement system according to the specific characteristics of each one of the several respiratory diseases. The high sensitivity in detecting the onset of airway obstruction, theoretically presented by the FOT, makes this technique interesting for the evaluation of individuals exposed to occupational risks.(21) Earlier studies in this area indicate that the alterations in the indices estimated through the FOT assays reflected the modifications present in the results obtained using traditional techniques.(22) During the investigation of individuals exposed to irritating respiratory agents, the FOT provided data complementary to those obtained through the use of spirometry.(23) The promising results obtained in previous studies of the above-mentioned respiratory diseases, as well as preliminary results obtained in the investigation of silicosis itself,(24) provide additional support for the hypothesis that the FOT may be useful in the evaluation of individuals with this disease. However, despite the great potential for the application of FOT in occupational medicine,(21-23,25-26) relatively few studies on this subject are available in the literature, and, to our knowledge, there have
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been no comparative studies of FOT results in individuals presenting varying levels of silicosisrelated reduction in respiratory volume and respiratory flow. In this context, the present study aimed to investigate the potential of the respiratory impedance evaluations carried out through the use of FOT in the examination of individuals with silicosis. To that end, the FOT was used in the analysis of the alterations in the resistance values of the respiratory system in individuals with silicosis presenting varying degrees of reduction in respiratory flow and respiratory volume, these varying degrees being determined through the use of spirometry.



METHODS We analyzed the resistance values obtained through the use of the FOT in five groups of individuals: individuals with no history of respiratory disease (control group, n= 10); individuals diagnosed with silicosis but presenting normal spirometry results (n = 7); individuals diagnosed with silicosis and presenting mild respiratory obstruction (n = 10); individuals presenting moderate obstruction (n = 8); and individuals presenting severe obstruction (n = 5). None of the individuals presented any history of smoking or asthma. The tests were carried out in the Pulmonary Function Testing Laboratory of the Pulmonology Department of the University of the State of Rio de Janeiro School of Medical Sciences. Data processing and statistical analysis were carried out in the Laboratory of Biomedical Instrumentation, which is an interdisciplinary laboratory affiliated with the Institute of Biology and the University of the State of Rio de Janeiro School of Engineering. The study was approved by the Ethics in Research Committee of the Pedro Ernesto University Hospital). The participants were not imposed upon in any way, and the results always remained confidential. Prior to the test, the patients were oriented regarding the technique and the study procedure. Accepting to participate, those patients gave written informed consent. The experiments meet the criteria established by the Declaration of Helsinki. Spirometric tests were carried out using Vitatrace (model 130 SL) and Collins/SG spirometers. All assays followed the procedures recommended by the First Brazilian Consensus on Spirometry.(27) All reports
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on the severity of the respiratory obstruction were based on the spirometric parameters, and the percentage data on the ratio between forced expiratory volume in one second (VEF1) and forced vital capacity (FVC), as well as the ratio between forced expiratory flow (FEF) and FVC, were used according to the classification proposed by Jansen.(28) The normality values were obtained from the studies carried out by Knudson et al. (29) and Pereira et al. (30) The instrument used to carry out the tests involving the FOT was developed by the authors and has been previously described.(31-32) Basically, the system applies a pseudorandom pressure signal of low amplitude (1 cmH2O), containing all of the 2-Hz harmonics between 4 Hz and 32 Hz, to the respiratory system of the individual. The initial pressure is measured using a Honeywell transducer (model 176), and the airflow is measured using a pneumotacograph attached to a similar transducer. The pressure and flow signals are measured in 16second periods, and impedance is estimated by calculating the ratio between the Fourier transform of the applied pressures and the Fourier transform of the resulting flow, this ratio being obtained for each of the frequencies applied. This procedure allows the evaluation of the resistance-related mechanical attributes, as well as of the mechanical attributes of energy storage, along with the elastic and inertial properties of the system.(10) The present study focuses on the analysis of the respiratory resistance attributes calculated in the 4-16 Hz range, since this range proved to be more discriminating in previous studies. (15-17,19-20,24) During the FOT tests, the individuals remained in a sitting position and used a nose clip, supporting their cheeks and chin with their hands while breathing calmly through the use of a mouthpiece. The coherence function used for the acceptance of the tests was set at a minimum of 0.9.(10-11) Figure 1 shows an illustrative photo of a volunteer engaged in the FOT test. In studies involving FOT, linear regression of the resistance values between 4 Hz and 16 Hz has been used to estimate the resistance at the intercept (R0) and the slope of resistance (S). The intercept of the resulting straight line was used to estimate the R0, whereas the curve was used to estimate the S. The mean of the resistance values in the range mentioned was used to estimate the mean J Bras Pneumol. 2006;32(3):213-20
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resistance (mR). The total energy loss through heat production in the respiratory system is described by R0, whereas mR describes the energy loss related to the airways. The slope of resistance (S) is related to the imbalance in the time constants of the respiratory system, as well as to the effect of the upper airways.(10-11) The results are presented as mean ± standard deviation. In order to allow a comparative analysis of the variations presented by the parameters provided by the FOT and spirometry, we compared the data obtained through the use of these two techniques. To that end, the statistical analysis was carried out through the use of a commercial software package (Estatística 5.0), analysis of variance (ANOVA) was used to evaluate the alterations among the groups, and Bonferroni corrections were used to compare the control group with the other patients, as well as to compare the several groups of patients. The differences between the means were considered significant when p = 0.05 using ANOVA, and p < 0.005 after Bonferroni corrections.



Figure 1 - Positioning of a volunteer during the test carried out through the use of the forced oscillation technique. Note the nasal clip and the use of the support to reduce the effect of the upper airways



point of view, we observed a strong tendency toward an increase in the mean R0 (ANOVA, p < 0.0001), mR (ANOVA, p < 0.003), and S (ANOVA, p < 0004).



DISCUSSION



RESULTS Table 1 shows the biometric characteristics of the groups studied. The groups were comparable in terms of age, weight, and height, and there were no significant differences in terms of the ANOVA or the comparisons among the groups. Figure 2 shows the results of the theoretical percentages of FEV1, FEV1/FVC and FEF/FVC for the groups studied. We observed significant percentage reductions in FEV1 (ANOVA, p < 0.0001), FEV1/FVC(%) (ANOVA, p < 0.0005), and FEF/FVC (ANOVA, p < 0.0001). Figure 3 shows the mean total resistance for each of the groups studied, whereas Figure 4 presents the results related to R0, mR and S. From the statistical



In concordance with the methodology used,(28) we observed significant alterations in FEF/FVC (%) in the initial phases, including in the control group and the groups of individuals presenting mild and moderate obstruction, whereas more statistically relevant reductions in FEV1 were observed in more advanced phases. Normal pulmonary functions are common in simple silicosis. However, in more complicated cases, moderate reductions in diffusing capacity, pulmonary volumes, and compliance are found.(33) In concordance with the results of the present study, some authors(34) have observed a significant reduction in FEV1 (%) in parallel with the progression of emphysema in individuals with silicosis.



TABLE 1 Characteristic of the group studied (mean ± standard deviation) together with ANOVA and Bonferroni corrections for comparisons among adjacent groups



Age (years) Body mass (kg) Height (cm)



Group A Control (n=10) 43,9+14,3 61,4+12,2 162,1+10,7



Group B Normal (n=7) 48,9+10,0 67,7+17,1 162,0+10,8



Group C Mild (n=10) 50,1+13,7 69,2+09,7 170,0+6,7



Slashes indicate significance, and commas indicate no significance.
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Group D Moderate (n=8) 53,0+14,1 65,5+9,6 159,7+ 16,2



Group E Severe (n=5) 44,0 7,5 62,9+8,9 165,8 9,4



ANOVA/ Bonferroni ns/A,B,C,D,E ns/A,B,C,D,E ns/A,B,C,D,E
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