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Background: Lung mechanics during invasive mechanical ventilation (IMV) for both prognostic and therapeutic implications; however, the full trajectory lung mechanics has never been described for novel coronavirus disease 2019 (COVID-19) patients requiring IMV. The study aimed to describe the full trajectory of lung mechanics of mechanically ventilated COVID-19 patients. The clinical and ventilator setting that can influence patient-ventilator asynchrony (PVA) and compliance were explored. Post-extubation spirometry test was performed to assess the pulmonary function after COVID-19 induced ARDS.

Methods: This was a retrospective study conducted in a tertiary care hospital. All patients with IMV due to COVID-19 induced ARDS were included. High-granularity ventilator waveforms were analyzed with deep learning algorithm to obtain PVAs. Asynchrony index (AI) was calculated as the number of asynchronous events divided by the number of ventilator cycles and wasted efforts. Mortality was recorded as the vital status on hospital discharge.

Results: A total of 3,923,450 respiratory cycles in 2,778 h were analyzed (average: 24 cycles/min) for seven patients. Higher plateau pressure (Coefficient: −0.90; 95% CI: −1.02 to −0.78) and neuromuscular blockades (Coefficient: −6.54; 95% CI: −9.92 to −3.16) were associated with lower AI. Survivors showed increasing compliance over time, whereas non-survivors showed persistently low compliance. Recruitment maneuver was not able to improve lung compliance. Patients were on supine position in 1,422 h (51%), followed by prone positioning (499 h, 18%), left positioning (453 h, 16%), and right positioning (404 h, 15%). As compared with supine positioning, prone positioning was associated with 2.31 ml/cmH2O (95% CI: 1.75 to 2.86; p < 0.001) increase in lung compliance. Spirometry tests showed that pulmonary functions were reduced to one third of the predicted values after extubation.

Conclusions: The study for the first time described full trajectory of lung mechanics of patients with COVID-19. The result showed that prone positioning was associated with improved compliance; higher plateau pressure and use of neuromuscular blockades were associated with lower risk of AI.

Keywords: COVID-19, lung mechanics, mechanical ventilation, asynchrony, asynchonized, prone positioning


INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) imposes an important and urgent threat to global health (1, 2). A substantial proportion of COVID-19 cases will develop severe acute respiratory distress syndrome (ARDS) that requires invasive mechanical ventilation (IMV). The mortality rate of such patients can be as high as 40% (3), depending on comorbidities and the available medical resources. Mechanical ventilation is an important strategy to treat such patients; and lung mechanics can have both prognostic and therapeutic implications. Lung compliance is an important mechanical parameter that should be monitored during IMV. For example, lung recruitment maneuver (RM) has been used to improve lung compliance in severe ARDS (4). There is also evidence in general ARDS population that poor lung compliance without improvement during IMV is associated with poor clinical outcome (5). Patient ventilator asynchrony (PVA) is another important parameter that should be stressed during IMV. Risk factors of PVA has been widely investigated, including hours of the day, use of sedatives, ventilation mode and tidal volume (6, 7). While several studies showed that PVA was associated with clinical outcome, others did not (8, 9). There is preliminary opinion suggesting that lung mechanics of COVID-19 induced ARDS can be quite different from general ARDS (10). However, there is no empirical data on the lung mechanics in COVID-19 patients on IMV. Furthermore, previous studies are limited in several aspects. First, there is no continuous pulmonary mechanics evaluation, including the response of lung recruitment during IMV, all events during prone ventilation. Second, most techniques for the detection of PVA and other parameters requires physical presence of an expert physician at the bedside and is thus only feasible during short periods (11–13). In addition, most studies explored risk factors for PVA in a fixed-time model (14). In reality, both risk factors and PVA and compliance were time-varying (15).

In order to make this gap end, the purpose of the study were 4-folds: (1) to describe the lung mechanics of COVID-19 patients by analyzing high-granularity ventilator waveform data; (2) to explore whether the lung compliance can be influenced by clinical factors, such as recruitment maneuver (RM) and body positioning; (3) to identify risk factors for PVA during IMV in COVID-19 patients; and (4) To describe post-extubation lung functions for survivors with spirometry test.



METHODS


Study Design and Setting

The study was conducted in the First People's hospital of Jingmen. Clinical data and ventilator wave data were retrospectively collected. All ventilator parameters were collected as longitudinally in hourly basis using a ventilator information system (RespCare™, ZhiRuiSi Tech. Co., Ltd., Hangzhou, China). The impact of RM and positioning on lung compliance was explored in mixed linear model. The study was approved by the ethics committee of the First People's hospital of Jingmen (Approval number: 202002007) and the ethics committee of Sir Run Run Shaw hospital (20200407-32). Individual patient data were de-identified before analysis. Informed consent was waived as determined by the IRB due to retrospective nature of the study design.



Participants

All COVID-19 patients treated with IMV were included for analysis. COVID-19 was confirmed by one of the following criteria: (1) novel coronavirus nucleic acid was positive as confirmed by real time (RT)-PCT in respiratory or blood specimen; and (2) genetic sequencing showed highly homogenous sequence with the known novel coronavirus (16). For adults with COVID-19 and acute hypoxemic respiratory failure despite conventional oxygen therapy (<92%), we would start using high-flow nasal cannula (HFNC) or non-invasive ventilation (NIV). If the condition further deteriorated and the oxygenation saturation could not be maintained above 92% with HFNC or NIV, IMV would be started (17). Patients were excluded if (1) they were younger than 18 years old; (2) patients with do-not-resuscitate order and (3) with terminally ill disease; (4) patients with incomplete record of waveform data.



Variables

Demographic data including age and sex were collected as time-fixed data. Hospital mortality was obtained on discharge. Pulmonary functions including forced vital capacity (FVC), forced expiratory volume (FEV1), FEV1/FVC ratio, peak expiratory flow (PEF), Peak inspiratory flow (PIF), maximal inspiratory pressure (MIP), maximal expiratory pressure (MEP) were measured for hospital survivors.

Ventilator parameters including lung compliance, measured PEEP, plateau pressure, tidal volume, work of breathing (WOB), and peak flow rate were measured based on pressure and flow waveforms. Details of the measurement approaches are described in the ESM.

Interventions including RM, positioning, sedatives and neuromuscular blockades were recorded in our analysis. Date and time of these interventions used to match to a period when ventilator parameters and lung mechanics were recorded. The body position was recorded as one of supine, right, left and prone positions at a specific time. Non-supine position was applied during daytime, and the specific positioning (prone, right or left) was determine at the discretion of the attending physician and respiratory therapist depending on the improvement in oxygenation. Prone positioning was applied for at least 10 h one day. RM could be accurately identified from ventilator waves as those with more than 30 cmH2O sustained inflation maintained for at least 30 s, the upper limit pressure was 45 cmH2O (18).



Identification of DT and IEE

We developed an interpretable deep learning approach to detect double triggering (DT) and ineffective inspiratory effort during expiration (IEE). Individual deep learning models were developed under all ventilation modes. Under each ventilation mode, two models were established for detecting DT and IEE. Each model uses the raw ventilator waveforms (airway pressure and flow) as input for a binary classification (PVA or non-PVA). It is also capable of explaining the classification by highlighting the segments that contributes mostly to the results. Datasets were annotated by a group of clinical professionals for training and validating the models based on our previously proposed approach (19). The accuracy reached above 95% for both types of PVA in all the ventilation modes. Asynchrony index (AI) was calculated as the number of asynchronous events divided by the number of ventilator cycles and wasted efforts (14). Details of the algorithm development is described in the Electronic Supplemental Material.



Statistical Analysis

Ventilator parameters were described for each individual patient by median and interquartile range (IQR) (20). Temporal trends of ventilator parameters were visualized with scatter plots and described with Locally Weighted Scatterplot Smoothing (LOWESS) curves (21). These curves were drawn for each individual patient and survivors and non-survivors were denoted with different colors.

Risk factors for IEE and DT were explored with mixed negative binomial regression models, which was a generalization of the Poisson regression allowing for the conditional variance exceeds the conditional mean (22). Random-effects was allowed for intercepts to account for between-subject variance. Predictors of IEE and DT included compliance, plateau pressure, PEEP, TV, respiratory rate, peak flow rate, WOB, sedatives, and neuromuscular blockades. We reported relative risk (RR) for the risk estimate associated with a unit change of these predictors. Risk factors for AI was explored with mixed linear effect model because the response variable AI was in linear scale. We reported coefficient and 95% confidence interval (CI) to represent how AI increased with a unit change in predictors. Factors that can influence lung compliance was explored with a mixed-effects linear model. Factors including age, sex, RM, PEEP, AI, and body position were included in the model. All statistical analyses were performed with RStudio (Version 1.1.463). A two-tailed p < 0.05 were considered as statistical significance.




RESULTS


Participants and Descriptive Analysis

A total of 7 patients with full record of ventilator waveforms were included for analysis. There was no excluded patient due to predefined exclusion criteria. Four patients died and three survived to hospital discharge (Table 1). A total of 3,923,450 respiratory cycles in 2,778 h were analyzed (average: 24 cycles/min) for the seven patients. Demographics and ventilator parameters were described in Table 1. Due to the limited number of patients, statistical inference was not performed for patient level data. Survivors showed significantly higher lung compliance [15.41 (12.26, 20.85) vs. 11.19 (9.77, 12.8) ml/cmH2O; p < 0.001], lower PEEP [7.15 (5.14, 8.6) vs. 9.09 (7.68, 9.79) cmH2O; p < 0.001] and plateau pressure [26.46 (23, 29.23) vs. 30.26 (27.3, 33.1); p < 0.001] than non-survivors. Survivors were more likely to adopt prone position than non-survivors (21 vs. 16%; p < 0.001). All RM was performed in non-survivors. More neuromuscular blockades were used in non-survivors (Table 2). Patients were on supine position in 1,422 h (51%), followed by prone positioning (499 h, 18%), left positioning (453 h, 16%), and right positioning (404 h, 15%). Survivors showed increasing compliance over time, whereas non-survivors showed persistently low compliance (Figure 1A). Plateau pressure, PEEP and tidal volume are shown in Figures 1B–D. WOB and respiratory rate did not show difference between survivors and non-survivors in temporal pattern (Figures 1E,F). Temporal trends of PVA were not different between survivors and non-survivors (Figure 2).


Table 1. Clinical characteristics and lung mechanics of individual subject.
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Table 2. Longitudinal variables compared between survivors and non-survivors.
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FIGURE 1. Trajectories of lung mechanics in survivors and non-survivors. The scatter points were smoothed with Locally Weighted Scatterplot Smoothing method. (A) Lung compliance was higher in survivors than in non-survivors. (B) Plateau pressure of non-survivors followed a U-shaped curve. (C) PEEP followed a N-shaped curve with high values during the middle period. (D) Tidal volume was higher in survivors, probably due to better lung compliance. (E) Consistently decreasing work of breathing was observed in non-survivors. (F) Respiratory rate was higher at the beginning, declined rapidly during treatment and reach a nadir at 10–15 days. The respiratory rate was stabilized thereafter at 20–25 per min.



[image: Figure 2]
FIGURE 2. Patient-ventilator Asynchrony during mechanical ventilation for survivors and non-survivors. The scatter points were smoothed with Locally Weighted Scatterplot Smoothing method. (A) Asynchrony index trajectory for individual patients; (B) Peak inspiratory rate for individual patient; (C) delayed cycling for individual patient; (D) Ineffective Effort for individual patient.




Factors Associated With PVA

Risk factors for PVA (IEE and DT) were investigated in the mixed negative binomial regression models. Higher plateau pressure (RR: 0.945; 95% CI: 0.934–0.956; p < 0.001) and respiratory rate (RR: 0.963; 95% CI: 0.951–0.976; p < 0.001) was associated with less IEE. However, greater tidal volume and WOB were associated with more IEE. In contrast to IEE, higher respiratory rate was associated with increased risk of DT (RR: 1.066; 95% CI: 1.054–1.078; p < 0.001). Higher plateau pressure (Coefficient: −0.90; 95% CI: −1.02 to −0.78) and neuromuscular blockades (Coefficient: −6.54; 95% CI: −9.92 to −3.16) were associated with lower AI. Sedatives had no significant impact on PVAs (Table 3).


Table 3. Mixed negative binomial regression model exploring risk factors for asynchrony.
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Lung Compliance

In multivariable mixed-effects linear model, we found two variables were significantly associated with lung compliance. Each 1 cmH2O increase in PEEP was associated 0.27 ml/cmH2O decrease in lung compliance (95% CI: −0.36 to −0.18; p < 0.001). As compared with supine positioning, prone positioning was associated with 2.31 ml/cmH2O (95% CI: 1.75–2.86; p < 0.001) increase in lung compliance. Right (coefficient: 1.63; 95% CI: 1.08–2.19 ml/cmH2O; p < 0.001) and left (coefficient: 0.63; 95% CI: 0.20–1.06 ml/cmH2O; p = 0.004) positioning were both associated with improve lung compliance (Table 4).


Table 4. Mixed linear model exploring factors associated with compliance.
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Spirometry Test for Survivors

Spirometry tests were performed in survivors at day 8, 11, and 13 after extubation. It showed that FVC was consistently decreased for the three measurements. FEV1/FVC was decreased in patient 3 (0.73 at day 8 and 0.707 at day 11); but was preserved in patient 7. PEF, MIP, and MEP were all decreased for the three measurements (Table 5).


Table 5. Spirometry tests for survivors after extubation.
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DISCUSSION

The study integrated high-granularity ventilator waveform data with clinical variables to describe the temporal change of lung mechanics of critically ill patients with COVID-19. At the time of intubation, the lung compliance was similar in survivors and non-survivors; but the survivors showed gradually improved compliance. Prone positioning is effective in improve lung compliance. Two types of PVA, IEE, and DT, were identified with deep learning algorithm. Higher plateau pressure and use of muscular relaxant were associated with lower risk of PVAs. Spirometry tests showed that pulmonary functions were significantly compromised after recovery from COVID-19 induced ARDS. Long-term follow up for the change of pulmonary functions would be relevant.

Although the lung compliance was similar at the time of intubation, survivors showed gradual improvement in lung compliance, while non-survivors showed persistently low lung compliance. This is consistent with other studies that lung compliance was an independent predictor of mortality (5, 23, 24). An important finding in our study was that RM was not effective in improving lung compliance, which is in contrast to findings from general ARDS patients. Although the effect of RM on mortality was conflicting in general ARDS, it has been consistently reported to be able to improve lung compliance (25–27). For example, Kung and colleagues observed that the respiratory system compliance was significantly higher in the RM group from day 1 to 7 (25). There is evidence that direct/pulmonary ARDS is more responsive to RM than indirect/extrapulmonary ARDS. While only 21% patients with lower percentage of recruitable lung were caused by pulmonary ARDS, 51% patients with higher percentage of recruitable lung caused by pulmonary ARDS (p = 0.01) (28). Thus, COVID-19 induced ARDS is pulmonary ARDS but is less responsive to RM as shown in our study. The second reasons may be due to the fact that we only employed sustained inflation RM. Since there are many types of RM, it is largely unknown whether other types of RM can be effective in improve lung compliance in COVID-19 patients. Finally, the ARDS in COVID-19 may be due to viral, bacterial, or any kind of lung insults. Thus, the RM should not be able to demonstrate the benefits in this group of patients.

PVAs are commonly observed in patients with IMV, especially those with protective ventilation strategy. Our study observed that AI was 4.95% (IQR: 1.69–18.93) in overall observed hours. Non-survivors had more AI than survivors, indicating AI is a risk factor for mortality, which was consistent with other studies (29). Ventilator parameters can have differing effects on different PVA types. For example, while higher respiratory rate was associated with lower risk of IEE, it was associated with higher risk of DT. Use of neuromuscular blockades was associated with lower risk of both IEE and DT. However, we did not observe significant effect of sedatives on AI. Other studies have shown that Propofol or other sedatives can reduce AI (13, 30). It is not surprising to observe that neuromuscular blockades are associated with significantly reduced risk of PVAs.

Post-extubation pulmonary function has never been reported for COVID-19 patients. Our results indicated that pulmonary functions can be significantly compromised in a short period. The FVC is reduced to one third of the predicted value. Other pulmonary function parameters, such as PEF and MIP were also reduced by one third of the predicted value. Boucher and coworkers observed that the pulmonary function can be significantly compromised in pediatric ARDS in short follow-up period (31). In adult patients with general ARDS, the FVC can recover to 3.34 ± 0.77 and 3.78 ± 1.11 L at 1 and 6 months follow up (32), which is significantly higher than that in our study. However, since we did not obtain the long term follow up data, it is largely unknown whether COVID-19 can have long-term effect on pulmonary functions.

Several limitations should be acknowledged in the study. First, the sample size was limited, which prohibited patient-level analysis. The effect of prone-positioning on mortality outcome could not be analyzed with sufficient statistical power. Thus, further large-scale studies are needed to validate our findings. However, our data is rich with high-granularity waveform data, which allows for patient-hour analysis for epidemiological analysis. Second, we only developed deep learning algorithms for identifying two types of PVA. There are other types of PVAs, such as reverse triggering and short/long cycling. However, these analyses are not applicable in pressure-controlled ventilation and pleural pressure is required for reverse triggering (33). Third, the impact of sedative on PVAs were estimated without the dosing of sedatives. We only recorded the use of sedatives as a binary variable. Such treatment would lose some information but is easy to interpret because different sedatives imposes challenge to standardize the dose. Finally, the pulmonary function was measured in a short period of time; long-term follow up data may provide important information for critically ill COVID-19 patients.



CONCLUSIONS

In conclusion, the study for the first time described full trajectory of lung mechanics of patients with COVID-19. The result showed that prone positioning was associated with improved compliance; higher plateau pressure and use of neuromuscular blockades were associated with lower risk of AI. RM was not associated with improvement on compliance.
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Variables Coefficient (95% CI)

Sex (Female as reference) 5.14(-9.11, 19.39)
Recruitment 0.40 (-3.14, 3.94)
PEEP ~0.27 (-0.36, ~0.18)
Age (with each year increase) 022 (-0.32,0.76)
Days from admission to intubation 0.02(-0.03,0.07)
Asynchrony Index (with each 1% increase) 001 (~0.00, 0.02)
Body position (supine s reference)

Prone 2.31(1.75, 2.86)

Right 1.63(1.08, 2.19)

Left 0.63(0.20, 1.06)

PEER, positive end expiratory pressure; Cl, confidence interval.
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Variables Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age (years) 57 57 66 81 68 68 54
Sex Male Female Female Female Male Female Male
Hours from hospital 45 18 163 % o 116 a7
admission to intubation
Comorbidities None None Hypertension;  Hypertension;  Hypertension; ~ None None
diabetes; stroke diabetes
hepatitis
Recruitment maneuver 4 1 0 0 0 0 0
(counts)
Ejection fraction 58% 61% 58% 60% 50% NA NA
Pro-BNP (pg/mi) 521.3 377.4 1257 1531.0 690.6 6875 1318.0
CRP (MG/d) 978 162 146 97 882 423 1215
CK (UL 495 1549 530 914 1199 468 196.7
CK-MB (UL) 76 18.2 96 63 96 82 134
LOH (UL 5085 401.6 453.2 490.4 4945 4820 562.8
Troponin T (g/L) 16.11 16.29 550 39.09 38.37 18.88 361.9
Bacteriology Blood/ Sputum/ Negative Blood/ Negative Sputum/ Sputum/
(sample/pathogen) Enterococcus Acinetobacter Enterococcus Stenotrophomonas Acinetobacter
faecium baumannii faecium ‘maltophifa baumannii
Chest CT involvement Bilateral Bilateral Bilateral Bilateral Bilateral Bilateral Bilateral
Lesion pattern Ground glass Consolidation Ground glass Ground glass Consolidation Ground glass Ground glass
Antiiral therapy Yes Yes Yes Yes Yes Yes Yes
Antibiotics Yes Yes Yes Yes Yes Yes Yes
Al 6.35(0.68,21.89) 1491 (4.62, 578(3.12,33.97) 196(097,423) 6.42(3.17,14.26) 0.66(028,2.72) 2192(115,
27.59) 42.38)
Lung compliance 12.15 (10.06, 1247 (10.72, 12.45 (11.03, 29.04 (23,65, 11.24(9.94, 15.74 (14.06, 23.2(17.03,
(emH0) 14.31) 14.49) 14.22) 34.16) 12.92) 18.16) 29.96)
PEEP 807(76,982)  9.56(004,982) 526(5.05,7.08) 8.69(4.69,051) 7.22(6.48,7.86) 7.67(6.11,9.39)  7.26(6.46, 7.66)
Plateau pressure 30.22 (27.95, 3087 (28.05, 306 (28.35, 24(20.16,2601)  31.1(30.03, 3253 (30.74, 28.16(23.99,
(emH,0) 33.65) 34.02) 35.47) 35.56) 33.84) 32.66)
Tidal volume (m) 33574 (2491,  276.19(238.60,  302.37 (28024,  477.07 (43038,  274.78 (25855 45452 (432.26,  425.13(371.11,
405.16) 329.52) 330.13) 523.45) 292.78) 474.59) 474.42)
Respiratory rate (min) ~ 26.35 (23.4, 23.95 (2009, 26.73(23.45, 23.22 (1986, 22.97 (1997, 2097 (27.92, 2607 (23.39,
31.94) 28.12) 28.91) 29.56) 27.37) 30.14) 28.67)
WOB (/L) 069(0.51,095) 0.68(06,081)  074(0.68,082) 078(067,089) 06(057,071)  1.16(1.05,1.21) 0.97 (0.78, 1.08)
Peak flow rate (m/min)  55.60 (47.21, 43.35 (37.68, 42.22 (4057, 50.25 (44.3, 74.94 (68.96, 57.83 (56.26, 69.95 (58.66,
66.24) 56.54) 56.21) 57.07) 79.37) 60.28) 78.49)
Mortality Died Died Alve Alive Died Died Alve

Al, asynchrony index; WOB, work of breathing; PEER, positive end expiratory pressure; LDH, Lactate Dehydrogenase; CRR, C-reactive protein; BN, B-type natriuretic peptide; CK,
Creatine kinase.





OPS/images/fmed-07-00541-t002.jpg
Variables Total Alive Died p
(1=2778h) (n=1,160h) (n=1,618h)

Neuromuscular 81(3) 23(2) 58 (4) 0.018
blockades, n (%)
Sedative, n (%) 306 (1) 156 (13) 149 (9) <0.001
Recruitment manewver, 5 (0) 0(0) 50 0079
n (%)
Asynchrony Index (%), 4.95(1.69, 484 (246, 507 (1.11, 0007
Median (IQR) 18.93) 16.29) 20.04)
Compliance, Median ~ 12.28 (10.4,  15.41(12.26, 11.19(9.77, <0001
(IQR) 15.22) 20.86) 12.8)
Position, n (%) <0001
Prone 499 (18) 248(21) 251 (16)
Right 404 (15) 145(12) 259 (16)
Left 453 (16) 205(19  228(14)
Supine 1422 (51) 542(47) 880 (54)
Plateau pressure 2844(249, 2646(23, 30.26(27.3, <0.001
(omHz0), Median (QR) ~ 82.17) 29.23) 33.1)
PEEP (omH;0), 7.92(6.87, 7.15(5.14,86) 9.09(7.68, <0.001
Median (IQR) 9.64) 9.79)
Tidal volume (m),  356.44 (274.71,422.95 (34321, 20898  <0.001
Median (IQR) 445.04) 487.8) (24924,
390.7)
Respiratory rate (/min), 25.65 (2191, 25.49(22.03, 25.78(21.83, 0052
Median (IQR) 29.04) 2891) 20.54)
WOB, Median (QR) ~ 0.75(0.61,  081(0.69, 07(058, <0001
0.94) 0.94) 0.94)
Peak flow rate (m/min), 54.43 (44.08, 538 (43.48, 54.60 (44.75, 0654
Median (IQR) 64.08) 63.31) 64.4)

DT (h), Median (QR) ~ 29(7,65)  35(14,65) 24(3,65.75) <0.001
IEE (h), Median (QR) ~ 20(4,153)  21(5,100.25) 41(3,176)  0.025

WOB, work of breathing; PEEF, positive end expiratory pressure; DT, delayed triggering;
IEE, ineffective effort during expiration; IQR, interquertile range.
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Patient 3

(Day 8)
FVC/predicted FVC 1,223/2,419
FEV1/predicted FEV1 896/1,849
FEVI/FVC 0.73
PEF/predicted PEF 103/350
PIF 70
MIP/predicted MIP 43/71
MEP/predicted MEP 43/130

Patient 3
(Day 11)

1,152/2,419
884/1,849
0.707
171/350
107
27/m
42/130

Patient 7
(Day 14)

1,078/3,777
865/1,789
0.850
65/544
58
15/113
22/212

FVC, forced vital capacity; FEV1, forced expiratory volume; FEV1/FVC ratio; PEF, peak
expiratory flow; PIF, peak inspiratory flow; MIP. maximal inspiratory pressure; MEP,

maximal expiratory pressure.
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