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Abstract

:

A device called FeelBreathe (FB)® was designed, developed, and patented for inspiratory muscle training. The main aim was to determine the acute responses on lung ventilation, gas exchange, and heart rate during exercise in patients with chronic obstructive pulmonary disease (COPD) with and without the use of FB. In this study, a randomized cross-over trial was performed with 18 men diagnosed with COPD (FEV1 between 30% and 70% of its predicted value). Each participant randomly conducted two trials with 30 min of rest between them with the same protocol on a treadmill for 10 min at a constant rate of 50% of VO2peak. Each test was performed randomly and in a crossover randomized design in two different conditions: (1) oronasal breathing; and (2) nasal breathing with FB (nasal ventilatory flow restriction device). It was observed that FB had positive effects on dynamic hyperinflation, breathing pattern, and breathing efficiency, with higher expiratory and inspiratory time. Despite these differences, blood oxygen saturation percentage, oxygen uptake, and heart rate showed a similar response for both conditions during exercise. The results suggest that exercise performed with FB improved ventilatory responses compared to the oronasal mode in COPD patients. This new tool could be used during most daily tasks and exercise programs.
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1. Introduction


Chronic obstructive pulmonary disease (COPD) is a pulmonary disorder characterized by the presence of inflammation, producing obstruction of the airways, deterioration of the quality of life, dyspnea, and intolerance to physical exercise [1], due in part to impairment of muscular strength and resistance and to dynamic hyperinflation, associated with a possible premature death [2]. Respiratory muscle training is considered of vital importance, since it could improve the exercise capacity, dyspnea, and quality of life of patients with cardio-pulmonary disease [3,4]. Specifically, inspiratory muscle training (IMT) has been proved to induce an effective improvement of maximal inspiratory pressure (PImax) and perception of well-being in COPD patients [3], and health-related quality of life in patients with chronic heart disease, respiratory disease, and breathlessness during exercise [3,5]. The most popular IMT methods used in COPD are resistive loading, pressure threshold loading and voluntary normocapnic hyperpnea [5,6], although the devices involved must be used in static positions, with a nose clip and breathing though the mouth (atypical breath) [3]. New comfortable devices for respiratory muscle training that could be used in dynamic conditions, such as walking or performing daily life activities, should be investigated in COPD patients.



A nasal ventilatory flow restriction device called FeelBreathe (FB) was designed, developed, and patented to increase nasal airflow resistance (Supplemental file S1). Previous studies with healthy subjects have shown that FB causes improvements in lung ventilation, ventilatory efficiency, and heart rate during exercise [7], which could be a target of respiratory muscle training in COPD. An increased airflow resistance while breathing nasally during exercise increases the breathing effort [8], which may potentially improve exercise tolerance and energy efficiency [9]. The main aim of the present study was to examine the effects of FB in lung ventilation, gas exchange and heart rate during exercise in patients with chronic obstructive pulmonary disease.




2. Materials and Methods


2.1. Sample Size


The sample size needed was calculated using the G*Power version 3.1 software [10]. According to the results of the F tests we needed a sample of 20 participants in order to obtain a significant difference between oronasal breathing (ONB) and FB conditions (Statistical test: ANOVA-Repeated measures, within-between interaction. Required input parameters: effect size = 0.25, level of significance α = 0.05, power β = 0.80, number of groups = 2; Number of measurements = 10; Correlation between repeated measures = 0.5, nonsphericity correction ε = 1). Effect size was obtained from the study performed by González-Montesinos et al. [7].




2.2. Participants


Forty-three participants were recruited from the University Hospital Puerta del Mar. The inclusion criteria were: men aged between 40 and 70 years, diagnosed with COPD at least 6 months before, with a stable clinical situation and with a forced expiratory volume in the first second (FEV1) between 30% and 70% of the predicted value, according to the criteria of the ATS [11]. This interval was chosen because dyspnea is rarely present above 70%, and patients with FEV1 below 30% cannot perform the tests due to their clinical situation. Key exclusion criteria included COPD exacerbations that required treatment with antibiotics or oral steroids or hospitalization in the 8 weeks prior to inclusion, other medical conditions that contribute to dyspnea on exertion, or diseases that may interfere with the realization of the exercise test. Twenty-two patients were included in the study, although only twenty of them were randomized since two patients could not attend the day of the tests. Moreover, two patients were excluded: one of them due to intermittent claudication of the lower limbs and the other one for not finalizing the test due to disease. Therefore, eighteen patients completed all of the tests (Figure 1). A written informed consent was obtained from all the patients before starting the study. This clinical trial received ethical approval from the Ethics Committee of the University Hospital Puerta del Mar and met the requirements of the Declaration of Helsinki.




2.3. Study Design


A cross-over randomized design was used. Randomization of the participants to ONB or FB condition in a 1:1 ratio was performed by the package randomizeR for R using a complete randomization process [12].



On the first day, after explaining the study, the patients signed the informed consent and performed the pulmonary function tests in the University Hospital Puerta del Mar. The rest of the tests were completed and conducted on different days. All testing sessions were performed under similar environmental conditions (20–24 °C, 45–55% relative humidity).



On the second day, the patients completed a health questionnaire, performed a resting electrocardiogram (QRS Universal ECG, Plymouth, Massachusetts USA) and a spirometry (spirometer CPX, Cardinal Health, Hoechberg, Germany) according to criteria published by the ATS (Celli et al. 2004). In addition, PImax was measured during a maximal, static inspiratory effort (Micro Medical Ltd., Chatham, Kent, UK). PImax was recorded as the highest value averaged over 1 s from three maneuvers that varied by less than 10% and was measured based on three maximal reproducible respiratory efforts [11]. Finally, an incremental test on treadmill (Technogym Run Race 1400HC, Gambettola, Italy) was performed to determine the    V ˙   O2peak using Balke protocol (Cardinal Health 234 GmbH, Leibnizstrasse 7, D-97204 Hoechberg, Germany). While performing the tests, an electrocardiogram and heart rate was measured every 10 s (JECG 12 Canal, Friedberg, Germany). Additionally, blood pressure was measured at the end of the test. Blood oxygen saturation percentage (Ear oximeter, Hewlett-Packard 47201A, Corvallis, OR, USA) and respiratory gas exchange were measured every 5 s and breath by breath, respectively, throughout the test.



On the third day, each patient randomly conducted two identical walking exercise tests for 10 min at a constant rate of 50%    V ˙   O2peak on a treadmill after 1 min of warming up at 3 km/h, with 30 min of rest between sets in a sitting position [13]. Each test was performed under two different breathing conditions: (1) oronasal breathing (ONB trial); and (2) restricted nasal breathing with FB (FB trial). None of participants showed any respiratory difficulties at rest with FB. They felt an increase in respiratory effort due to a decrease in airflow only during exercise with FB.



During each walking exercise test, the patients were connected to the gas analyzer with a Hans Rudolph nasal/oral, two-way and non-rebreathing face mask (model 8900, Kansas City, MO, USA), which covered the subject’s mouth and nose. The inner seal of the mask was removed to ensure that the mask did not impinge on the nares during the tests. For ONB, the patients were asked to breath normally, freely. The following variables respiratory were collected during the walking exercise test: inspiration time (Tin); inspiratory time fraction (Tin/Tot); expiratory tidal volume (VTex); fraction of expired carbon dioxide (FECO2); oxygen uptake (VO2); expiration time (Tex); inspiratory tidal volume (VTin); carbon dioxide production (VCO2); heart rate (HR); end-tidal partial pressure of carbon dioxide (PETCO2); fraction of expired oxygen (FEO2); expiratory time fraction (Tex/Tot); breathing frequency (BF); deadspace/tidal volume ratio (VD/VT); respiratory quotient (RER); ventilatory equivalent ratio for carbon dioxide (EqCO2); ventilatory equivalent for oxygen (EqO2); end-tidal partial pressure of oxygen (PETO2); and minute ventilation (VE).




2.4. Statistical Analysis


Descriptive results are presented as mean ± standard deviation. Before any analysis, the cardioventilatory variables were classified according to our expected hypothesis as those with higher values in the FB trial (FB > ONB; i.e., Tin, Tin/Tot, Tex, VTex, VTin, FECO2, PETCO2, VO2, HR and VCO2) and those with higher values in the ONB trial (ONB > FB; i.e., RER, BF, EqO2, FEO2, Tex/Tot, PETO2, VE, EqCO2 and VD/VT). The proportion of responders and non-responders was calculated for each of the cardioventilatory variables using the typical error (TE) [14], and it was obtained from the percentage of change of the participants (%TE). Responsiveness was defined as a change beyond ± 1%TE. Additionally, a one-sample proportion test was performed to assess that the probability of to be a responder was greater than 50%. Differences between FB and ONB conditions in PImax and rating of perceived exertion (RPE) post-tests were analysed by t-test for paired samples. The values of the cardioventilatory variables obtained from the maximal incremental exercise tests were analysed using Bayesian functional ANOVA [15]. Since we are specifically interested in the effect of FB, a one-way functional ANOVA was fitted:
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where    y  i , j     denotes the realization of the cardioventilatory variable for ith breathing condition (i.e., ONB or FB) from the jth participant,  μ  is the grand mean function, and    α i    is the main effect function for the ith breathing condition.    α  ONB     = 0 for identifiability.  μ  and    α i    follow a previous second-order random walk prior for equally-spaced locations (RW2). Finally, a scaled hyperprior was set on  τ  via the scale model argument in the INLA formula. This model was fitted using the package brinla for R, which internally makes use of INLA [16]. Once the model was fitted, we analyzed the set of temporal points (i.e., excursion set) of the walking exercise test where there was a significant effect of FB via the package excursions [17], which is called internally by brinla. We used a numerical integration method to find the excursion set due to the Gaussian likelihood and the small sample size. VO2 and VCO2 were log-transformed to compute the Bayesian functional ANOVA, thus the results of these variables are shown in log-scale. All the analyses were performed with the R software environment for statistical computing [18] and can be found in https://github.com/JorgeDelro/COPD_1.3.





3. Results


The descriptive characteristics of the sample, pulmonary function, PImax and Borg’s scale recorded after the submaximal tests are displayed in Table 1. The rating of perceived exertion after the maximal incremental exercise test was significantly higher in the FB trial (p < 0.01, Cohen´s d = 0.61).



The Bayesian functional ANOVA results for each of the cardioventilatory variables are displayed in Figure 2 and Figure 3, respectively. All the analyzed variables showed significant differences between ONB and FB trials at some point of the test, except VO2 and VCO2, which had differences only at the beginning of the test. The results showed that breathing patterns were more efficient when the tests were performed with FB compared to ONB.



The means, standard deviations and proportions of responders and non-responders for the cardioventilatory variables are shown in Table 2. Tin and VCO2 were the variables with higher and lower proportion of responders respectively (72.2% and 11.1%). Additionally, the percentage of change by participants for each of the variables are displayed in Figure 4 and Figure 5.



Considering the use of FB during the tests and all the outcomes related to dynamic hyperinflation (Tin, TinTot, Tex, and VTex and VTin), the number of responders was over 50% of the participants, but only in Tin was the proportion statistically significant (p < 0.05). Moreover, the variables related to breathing pattern (VE, VT, and BF) obtained responders in more than 44% of the participants, while breathing efficiency (Tin, TinTot, EqO2, and EqCO2) obtained responders in more than 52% of the participants. Finally, the expiratory and inspiratory time (Tin, TinTot, Tex and TexTot) and the parameters of effort intensity (HR and RER) obtained responders in more than 56% and 47% of the participants, respectively.



The largest numbers of responders occurred in Tin (13/18 participants, 5 participants with a percentage of change higher than 50%) and RER (12/18 participants). Moreover, the variables Tin/Tot, Tex, BF, EqO2, FEO2, and Tex/Tot showed a number of responders greater than or equal to 50% of the participants.




4. Discussion


The main finding of the study was that the FB device is a possible effective tool for inspiratory muscle training, since this study shows that FB caused higher expiratory and inspiratory time and increased the efficiency of breathing patterns compared to ONB in a group of COPD patients.



4.1. Effect of FB on Dynamic Hyperinflation


Dynamic hyperinflation is the main clinical cause of exertional breathlessness in patients with COPD [19]. Puente-Maestu et al. [20] observed that physical exercise has beneficial effects on respiratory patterns and dynamic hyperinflation, which may partially explain the improvements on dyspnea and exercise intolerance. Moreover, we showed that using FB during exercise reduced BF and increased the inspiratory fraction, which may increase the effects of exercise on dynamic hyperinflation and the sense of breathlessness mentioned above [3,21,22]. Using FB, the values of BF and minute ventilation     V ˙    E (Table 2) decreased from minute 1 to 11 (Figure 3B) and from minute 2:50 to 11, respectively (Figure 3G), while inspiratory time, expiratory time and tidal volume increased, from minute 1 to 11 in all cases (Figure 2C). However, Tex/Tot was lower in FB from min 1 to 11 (Figure 3E). Moreover, the number of responders was greater than 50% of the participants with FB.



These results may suggest a positive effect of FB on dynamic hyperinflation in patients with COPD during exercise. Moreover, FB could optimize breathing patterns during exercise, which hypothetically could reduce dynamic hyperinflation [3].




4.2. Effect of FB on Breathing Patterns


Petrovic et al. [3] observed that one of the effects of IMT was a significant decrease in the ratio of breathing frequency to minute ventilation (BF/   V ˙   E), indicating an improved breathing pattern. In line with the results of Petrovic et al. [3], our study showed lower BF/   V ˙   E in FB compared to ONB during exercise (0.66 versus 0.72). This could be explained by the fact that the patients adopted a slower, deeper breathing pattern during exercise due to the airflow restriction with FB. Moreover, FB causes nasal inspirations and mouth exhalations, improving the humidification, heating, and filtering of the air, as it represents a normal mechanism of heat and moisture exchange in the respiratory tract [23].




4.3. Effect of FB on Breathing Efficiency


There was a lower    V ˙   E with FB and a light increase in    V ˙   O2 (Table 2) during the first two minutes and during the last minute of the exercise test (Figure 2H), without any changes in SpO2 (~96.8%, data not shown) compared to ONB. Moreover, two parameters related to breathing efficiency and O2 dynamics (EqO2 and EqCO2) were lower with FB (Table 2; Figure 3C,H). This result might be due to the improvement of gas exchange, producing a lower dynamic hyperinflation, as mentioned above. Similarly, the FB trial showed lower mean values of FEO2 (Figure 3D), with positive effects in 14/20 participants, while FECO2 increased throughout the test, which corresponds to a concomitant rise of oxygen utilization by the cells. Moreover, we observed a large functional reserve in the muscles at the end of an incremental exercise, regardless of the inspiratory O2 pressure, since it seems that    V ˙   O2 uptake is primarily dependent on convective O2 delivery and less limited by diffusion constraints [24,25]. Therefore, FB requires deeper, slower, and more O2-extracting breaths, inducing more effective breathing patterns.



It was shown that nasal breathing alters the dynamics of air flow in the upper respiratory tract and influences gas absorption compared to oronasal breathing [26]. Using FB during exercise produces a change in the breathing pattern while also producing an increase in the respiratory effort with respect to oronasal breathing.



There are systems which cause external thoracic restriction that have been used in healthy participants to simulate restrictive ventilator disorders, which lead to a rapid, shallow pattern of breathing sometimes associated with alveolar hyperventilation [27,28], high inspired minute ventilation, and low PETCO2, suggesting a higher level of alveolar ventilation [29]. The activation of inspiratory muscles with FB could reduce these symptoms, since FB seems to improve the breathing pattern, with a reduction of minute ventilation and an increment of PETCO2 favoring more efficient breathing.




4.4. Effect of FB on Expiratory and Inspiratory Time


The higher VT values found in FB vs. ONB could be explained by the higher % of time for inspiration and expiration with FB. Higher Tin, VTin, Tex, and VTex (Figure 2A–E) involved a greater respiratory effort using FB. It was shown that changes in the breathing timing could improve the dynamic pathophysiology in COPD [30]. The time of activation of the diaphragm and other respiratory muscles is greater with respiratory muscle training devices, which produce a greater voluntary hyperpnea [31]. However, this did not occur with FB, since the amount of air going into the lungs was higher compared to ONB, although the participants spent more time for inspiration (Tin). This effect occurred in most of the participants (13/18), who were considered as responders with FB for Tin. The last effect combined with a lower respiratory BF rate caused a lower    V ˙   E with FB (Table 2). Tin/Tot was greater with FB throughout the test (Figure 2B), which implies an increase in the inspiratory musculature activation time, producing a greater performance of this musculature using FB.



Due to the increase of Tin with FB, more time would be used to perform the expiratory phase, as reflected by the 11.7% increase in Tex. However, Tex/Tot was lower with FB (−6.2%), which means an increase in expiratory effort, despite the fact that the amount of air was higher with FB (+12.5% for VTex), and this situation occurred during the entire test (Figure 2D and Figure 3E). Similarly, it was shown that expiratory muscle training for deep breathing with adequately prolonged inspiration during exercise may increase exercise tolerance [30,32]. Therefore, this suggests that FB could be used as a new system of RMT, for both inspiratory and expiratory muscles.




4.5. Effect of FB on Intensity


We observed a significant difference in heart rate between FB and ONB test during the first five minutes (Figure 2I), but not in the final minutes of exercise testing. This response might be normal, since the patients had to get used to the FB at the beginning of the exercise; however, the HR average of the entire test was similar for both conditions. COPD patients may have associated cardiac pathologies which do not recommend exercises that raise HR in excess [33].



Differences in RER were observed between FB and ONB (Figure 3A), with lower values in FB after the first minutes of stabilization (Table 2), despite the absence of differences between conditions in VO2 and VCO2 kinetics during the test. A possible explanation is that VE in the FB trial was reduced compared to ONB, which could also reduce RER by slight changes on VO2 and VCO2.



Inspiratory muscle fatigue caused by airflow restriction during exercise increases sympathetic vasomotor outflow, which produces an increase in PETO2, as variable of fatigue [34]. However, our results showed slightly lower values of PETO2 in FB trial with differences from min 1:35 (Figure 3F). Lower PETO2 could reduce SpO2 and the dissociation of O2 from hemoglobin into the cells.



The rating of perceived exertion RPE Post-FB showed a slightly greater sense of force, without becoming, at any time, a strenuous force of the inspiratory musculature and with similar heart rate values throughout the whole FB vs. ONB test.





5. Limitations of the Study and Perspectives of Future


The main limitation of this study was the relatively small sample size (18 participants included in the analysis), so results must be taken with caution. However, there are several recent articles on exercise effects in COPD patients with a similar sample sizes [35,36,37,38,39]. To minimize the sample size problem, Bayesian statistics was used in this study which may produce reasonable results even with small samples. Moreover, the nasal breathing condition was not included, due to the fact that a previous study with healthy cyclists showed that nasal breathing was between FB and ONB in the most of the variables of gas exchange [7]. In future, exercise interventions combined with FB should be investigated to clarify the chronic effects on breathing patterns in COPD patients.




6. Conclusions


FB is a new device for training ventilatory muscles during exercise in COPD patients, since it produces lower dynamic hyperinflation and improved breathing patterns and efficiency, with higher expiratory and inspiratory time compared to natural breathing. Our findings provide a new tool that could be used during most daily tasks and exercise with a natural breath and simple shape, unlike other IMT devices.
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Figure 1. Illustration of the design and analysis of the cross-over trial. 
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Figure 2. Bayesian functional ANOVA plots for FB > ONB group variables: inspiration time (Tin) (A), inspiratory time fraction (Tin/Tot ) (B), expiration time (Tex) (C), expiratory tidal volume (VTex); (D), inspiratory tidal volume (VTin) (E), fraction of expired carbon dioxide (FECO2) (F), end-tidal partial pressure of carbon dioxide (PETCO2) (G), oxygen uptake (VO2) (H), heart rate (HR) (I) and carbon dioxide production (VCO2) (J). 
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Figure 3. Bayesian functional ANOVA plots for ONB > FB group variables: respiratory quotient (RER) (A), breathing frequency (BF) (B), ventilatory equivalent ratio for carbon dioxide (EqCO2) (C), fraction of expired oxygen (FEO2) (D), expiratory time fraction (Tex/Tot), (E), end-tidal partial pressure of oxygen (PETO2) (F), minute ventilation (VE) (G), ventilatory equivalent ratio for carbon dioxide (EqCO2) (H) and dead space/tidal volume ratio (VD/VT) (I). 
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Figure 4. Percentage of change by participants and TE for FB > ONB group variables: Tin (A), Tin/Tot (B), Tex (C), VTex (D), VTin (E), FECO2 (F), PETCO2 (G), VO2 (H), HR (I) and VCO2 (J). Responders vs. non-responders on cardioventilatory variables with higher values in FB. 
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Figure 5. Percentage of change by participants and TE for ONB > FB group variables: RER (A), BF (B), EqO2 (C), FEO2 (D), Tex/Tot (E), PETO2(F), VE(G), EqCO2 (H) and VD/VT (I). 
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Table 1. Descriptive characteristics and pulmonary function of the sample. Values of PImax and RPE after the 10 min walk test without FeelBreathe (post oronasal breathing (ONB)) and with FeelBreathe (post FB).
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	Variables
	Pre
	Post-ONB
	Post-FB





	Age (years)
	67.5 (3.0)
	
	



	Weight (kg)
	77.1 (11.1)
	
	



	Height (cm)
	167.4 (7.5)
	
	



	BMI (kg/m2)
	27.1 (3.6)
	
	



	VO2peak (mL/kg/min)
	20.8 (5.3)
	
	



	FVC (mL)
	2874.6 (772.5)
	
	



	FVC (%)
	61.8 (22.2)
	
	



	FEV1 (mL)
	1770.7 (540.7)
	
	



	FEV1 (%)
	57.1 (14.2)
	
	



	FEV1/FVC
	61.6 (7.9)
	
	



	PImax (cmH2O)
	102.3 (25.2)
	100.5 (27.6)
	95.2 (27.3)



	RPE scale (Borg units)
	
	10.2 (2.9) **
	11.9 (2.6)







Descriptive values are shown as mean (standard deviation). ** p < 0.01 for differences between RPE Post-ONB and RPE Post-FB (Cohen’s d = 0.61). FVC: forced vital capacity; FVC%: percentage of predicted FVC; FEV1: forced expiratory volume in the first second; FEV1%: percentage of predicted FEV1; FEV1/FVC: ratio FEV1/FVC; PImax: maximal inspiratory pressure; RPE: Borg’s perceived exertion; ONB: test free oronasal breathing; FB: test restricted nasal breathing with FeelBreathe.
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Table 2. Descriptive values and number of responders and non-responders by cardioventilatory variables.
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Variables

	
FB

	
ONB

	
Responders






	
Tin (s)

	
1.4

	
±

	
0.6

	
1.0

	
±

	
0.3

	
13

	
(72.2%) *




	
RER

	
0.8

	
±

	
0.1

	
0.9

	
±

	
0.1

	
12

	
(66.7%)




	
Tin/Tot (%)

	
44.7

	
±

	
7.2

	
41.3

	
±

	
5.0

	
10

	
(55.6%)




	
Tex (s)

	
1.7

	
±

	
0.6

	
1.5

	
±

	
0.3

	
9

	
(50.0%)




	
BF (breaths/min)

	
21.2

	
±

	
6.7

	
25.1

	
±

	
5.2

	
9

	
(50.0%)




	
EqO2 (L/min)

	
26.5

	
±

	
4.2

	
28.4

	
±

	
4.0

	
9

	
(50.0%)




	
FEO2 (%)

	
16.6

	
±

	
0.7

	
17.0

	
±

	
0.5

	
9

	
(50.0%)




	
Tex/Tot (%)

	
55.3

	
±

	
0.07

	
58.7

	
±

	
0.06

	
9

	
(50.0%)




	
VTex (L)

	
1.6

	
±

	
0.5

	
1.4

	
±

	
0.4

	
8

	
(44.4%)




	
VTin (L)

	
1.5

	
±

	
0.5

	
1.4

	
±

	
0.4

	
8

	
(44.4%)




	
FECO2 (%)

	
3.2

	
±

	
0.6

	
3.0

	
±

	
0.5

	
7

	
(38.9%)




	
PETCO2 (mmHg)

	
4.7

	
±

	
0.5

	
4.6

	
±

	
0.5

	
7

	
(38.9%)




	
VO2 (mL/min)

	
1130

	
±

	
300

	
1110

	
±

	
360

	
7

	
(38.9%)




	
PETO2 (mmHg)

	
14.4

	
±

	
0.8

	
14.6

	
±

	
0.6

	
7

	
(38.9%)




	
VE (L/min)

	
32.1

	
±

	
9.0

	
34.5

	
±

	
10.2

	
7

	
(38.9%)




	
EqCO2 (L/min)

	
31.7

	
±

	
4.5

	
33.4

	
±

	
4.5

	
6

	
(33.3%)




	
HR (beats/min)

	
109.2

	
±

	
17.0

	
108.9

	
±

	
15.4

	
5

	
(27.8%)




	
VD/VT (L/min)

	
24.5

	
±

	
8.8

	
26.9

	
±

	
8.4

	
5

	
(27.8%)




	
VCO2 (mL/min)

	
900.2

	
±

	
343

	
895.6

	
±

	
364

	
2

	
(11.1%)








Descriptive values are shown as mean (standard deviation). Responders/non-responders are shown as number (percentage). * p < 0.05 for one-sample proportion test. Tin: inspiration time; Tin/Tot: inspiratory time fraction; VTex: expiratory tidal volume; FECO2: fraction of expired carbon dioxide; VO2: oxygen uptake; Tex: expiration time; VTin: inspiratory tidal volume;VCO2: carbon dioxide production; HR: heart rate; PETCO2: end-tidal partial pressure of carbon dioxide; FEO2: fraction of expired oxygen; Tex/Tot: expiratory time fraction; BF: breathing frequency; VD/VT: deadspace/tidal volume ratio; RER: respiratory quotient; EqCO2: ventilatory equivalent ratio for carbon dioxide; EqO2: ventilatory equivalent for oxygen;PETO2: end-tidal partial pressure of oxygen; VE: minute ventilation.
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