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Early decrease of ventilatory ratio after prone position ventilation may predict successful weaning in patients with acute respiratory distress syndrome: A retrospective cohort study
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Background: Previous studies usually identified patients who benefit the most from prone positioning by oxygenation improvement. However, inconsistent results have been reported. Physiologically, pulmonary dead space fraction may be more appropriate in evaluating the prone response. As an easily calculated bedside index, ventilatory ratio (VR) correlates well with pulmonary dead space fraction. Hence, we investigated whether the change in VR after prone positioning is associated with weaning outcomes at day 28 and to identify patients who will benefit the most from prone positioning.

Materials and methods: This retrospective cohort study was performed in a group of mechanically ventilated, non-COVID ARDS patients who received prone positioning in the ICU at Zhongda hospital, Southeast University. The primary outcome was the rate of successful weaning patients at day 28. Arterial blood gas results and corresponding ventilatory parameters on five different time points around the first prone positioning were collected, retrospectively. VR responders were identified by Youden’s index. Competing-risk regression models were used to identify the association between the VR change and liberation from mechanical ventilation at day 28.

Results: One hundred and three ARDS patients receiving prone positioning were included, of whom 53 (51%) successfully weaned from the ventilator at day 28. VR responders were defined as patients showing a decrease in VR of greater than or equal to 0.037 from the baseline to within 4 h after prone. VR responders have significant longer ventilator-free days, higher successful weaning rates and lower mortality compared with non-responders at day 28. And a significant between-group difference exists in the respiratory mechanics improvement after prone (P < 0.05). A linear relationship was also found between VR change and compliance of the respiratory system (Crs) change after prone (r = 0.32, P = 0.025). In the multivariable competing-risk analysis, VR change (sHR 0.57; 95% CI, 0.35–0.92) was independently associated with liberation from mechanical ventilation at day 28.

Conclusion: Ventilatory ratio decreased more significantly within 4 h after prone positioning in patients with successful weaning at day 28. VR change was independently associated with liberation from mechanical ventilation at day 28.
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Background

Prone position ventilation could improve oxygenation while achieving a more homogenous distribution of stress and strain, thus reducing ventilator-induced lung injury (1, 2). After demonstration of significant survival benefits in severe ARDS patients by the PROSEVA study, prone positioning has become one of the most recommended standard managements in moderate to severe ARDS (3, 4). However, not all ARDS patients undergoing prone ventilation could benefit from it. And the poor response to prone positioning was associated with worsened outcomes (5, 6). Mostly, previous studies defined prone positioning response according to the level of PaO2:FiO2 ratio improvement after prone, expressed in percentage or specific values (5, 7), and inconsistent results were presented (8). It seems that evaluation of prone response by oxygenation improvement may have some limitations.

Prone position ventilation could improve recruitment potential, promote the opening of the collapsed alveoli and reduce alveolar overdistension, hence achieving more homogenous aeration (9), which was deemed as the primary mechanism of alleviating ventilator-induced lung injury. Nevertheless, oxygenation could improve independently of lung recruitment (10). In this way, ventilation monitoring may have better performance in assessing prone responsiveness. Previously, a physiological study proposed that dead space may be more appropriate in evaluating the prone response (11). Furthermore, pulmonary dead space fraction is known to be a more reliable variable that retains its prognostic value over time (12). But the lack of convenience limits its clinical application.

In 2009 Sinha et al. proposed evaluating the physiological dead space fraction by using a rearranged alveolar gas equation for PaCO2 without any expired CO2 measurement, called the ventilatory ratio (VR) (13). An advantage of VR is that it can be easily calculated using routine bedside variables. And it was demonstrated that VR correlates well with pulmonary dead space in ARDS and may be used as a simple bedside index to monitor impaired ventilation in ARDS (14). However, its prognostic utility following prone positioning is unclear.

In this context, we investigated whether the change in VR after prone positioning was associated with weaning outcomes at day 28, aimed to identify patients who will benefit the most from prone positioning.



Materials and methods


Study design and patients

We conducted a retrospective cohort study of adult ARDS patients (age ≥ 18 years) who received prone positioning in a 60-bed general intensive care unit (ICU) in Zhongda Hospital, Southeast University, China, between January 1, 2017, and March 31, 2022. No COVID-19 patients were admitted to our hospital during the study period according to the local health policies during COVID-19 pandemic. While mechanically ventilated, moderate to severe ARDS patients who received at least one prone session were included. Then we excluded patients who received prone positioning for less than 12 h at the first prone session and patients who received V-V ECMO (venovenous extracorporeal membrane oxygenation) therapy during the first prone session. All patients fulfilled the Berlin definition of moderate to severe ARDS before proning (15). The decision to initiate a prone position and the timing were at the discretion of attending doctors. To protect individual privacy, anonymized and deidentified information was analyzed. The Institutional Review Board (IRB) of Zhongda Hospital waived the requirement for written informed consent and approved this study (approval number 2022ZDSYLL268-P01).



Study outcomes and variables

We focused on patient ventilator liberation to explore the relationship between VR change during the first prone session and patient outcomes (i.e., VR response to the first prone session and patient outcomes). The main outcome was the rate of successful weaning at 28-day, which was defined as a lack of invasive or non-invasive ventilation for more than 48 h after extubation for endotracheally intubated patients and no ventilator assistance for more than 48 h for tracheostomized patients. Patients not weaned from mechanical ventilation until day 28 or who died before successful weaning were defined as weaning failure. Time to successful weaning and time to death were also collected for the following regression analysis, which was defined as time from initiation of the first prone session to event occurred (i.e., successful weaning or death).

Twenty eight-day mortality and ventilator-free days in 28 days were also collected for comparison between VR responders and non-responders (detailed definitions of the responders and non-responders were shown in Section “Statistical analysis”). Ventilator-free days were defined as the number of days alive and free from mechanical ventilation for at least 48 consecutive hours (16).

Data of arterial blood gas analysis and corresponding ventilatory parameters were collected retrospectively from clinical documentation. Time points include before the first prone session (time baseline), within 4 h after the patient was turned to the prone position (time P1), from 4 to 12 h after prone positioning (time P2), 12 h after prone positioning to the end of prone positioning (time P3) and within 4 h after the patient was returned to the supine position (time S1). Only arterial blood gas result corresponding to the best oxygenation (i.e., PaO2:FiO2 ratio) remained in the final analysis if the patient had multiple arterial blood gas results at the same time interval. Ventilatory parameters include tidal volume (Vt), respiratory rate (RR), and positive end-expiratory pressure (PEEP) were extracted at the same time points as the arterial blood gas result. We derived values for minute ventilation, tidal volume per predicted body weight, ventilatory ratio, and corrected minute volumes.

Ventilatory ratio (VR) was defined as [minute ventilation (mL/min) * PaCO2 (mm Hg)/[predicted body weight * 100 (mL/min) * 37.5 (mm Hg)]] (13, 14). ΔVR was defined as VR at specific time point minus VR at baseline (e.g., ΔVR at time P1 = VR at time P1-VR at baseline). ΔPaO2:FiO2 was calculated the same way as ΔVR. Minute ventilation (VE) was defined as (tidal volume [ml] * respiratory rate [times/min]/1,000 [ml/L]). The driving pressure was defined as the difference between plateau pressure and PEEPtot, which were measured by inspiratory/expiratory hold maneuver. And the respiratory system compliance (Crs) was calculated as (tidal volume [ml]/driving pressure [cmH2O]).



Statistical analysis

Categorical variables are expressed as frequencies with percentages, and continuous variables are expressed as mean with standard deviation (SD) or median with interquartile range (IQR). Normally distributed quantitative variables were compared using the Student t-test, and non-normally distributed quantitative variables were compared using the Mann-Whitney U test. Qualitative variables were compared using the chi-square test. A generalized estimating equation (GEE) was used to compare differences in VR and the change of VR from the baseline to during the first prone session. Data were assumed to be missing at random with no imputation or interpolation of missing values employed.

We generated receiver operating characteristic (ROC) curves and estimated the area under the curve (AUROC) to determine the predictive value of change in VR and PaO2:FiO2 ratio between the baseline and during the first prone session for successful weaning from mechanical ventilation at 28-day. Best prediction value among the four time points was identified. Then, the optimal cutoff values were determined based on Youden’s index, which maximizes the sum of sensitivity and specificity, responders or non-responders were discriminated afterward. Linear regression model was used to investigate the correlation between the VR change and Crs change, together with the PaO2:FiO2 change and Crs change. Liberation from ventilator was analysed with death as a competing event using a Fine and Gray with proportional hazard model. VR change within 4 h after prone positioning (ΔVR at time P1) and PaO2:FiO2 change within 4 h after the patient was turned to supine position (ΔPF at time S1) were entered into the multivariable model as continuous variables. Multivariable regression model was adjusted by age, SOFA score, and time from intubation to the first prone session. The results are presented as subdistribution hazard ratio (sHR) with 95% CI. All analyses were performed blinded to participant identifying information. All analyses were two-tailed, and p-values of less than 0.05 were considered significant. STATA (Version 17.0 for Windows; Stata Corp., College Station, TX, United States) was used for all statistical analyses.




Results


Patients recruitment and baseline characteristics

Six hundred and thirty one patients with moderate-to-severe ARDS were identified during the study period, and 191 patients received prone positioning. Sixty-six patients who received prone positioning for less than 12 h at the first prone session and twenty-two patients who received V-V ECMO therapy during the first prone session were excluded (Figure 1). Of the 103 patients included, 53 patients weaned successfully from the ventilator at 28-day, the overall successful weaning rate was 51%.
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FIGURE 1
Flowchart of the study population. ARDS, acute respiratory distress syndrome; V-V ECMO, venovenous extracorporeal membrane oxygenation.


Characteristics of the patients were shown in Table 1, grouped by weaning status. The leading cause of ARDS was pneumonia (73.8%), and the PaO2:FiO2 ratio before prone mostly ranged from 100 to 150 mmHg (49.5%). More than half of the patients were diagnosed with hypertension (47.6%) or diabetes (10.7%). Age, ARDS severity, ARDS etiology, Sequential Organ Failure Assessment (SOFA) scores and Acute Physiology and Chronic Health Evaluation (APACHE) II scores did not differ significantly between the two groups.


TABLE 1    Characteristics of the patients at baseline.
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The results of arterial blood gas analysis, respiratory system mechanics and ventilator settings at baseline did not differ significantly between the two groups (Table 1). Weaning failure patients were like to have higher bicarbonate, lower tidal volume and compliance at baseline. At baseline, the mean VR was 1.62 ± 0.56, mean PaO2:FiO2 ratio level was 133 ± 35 mmHg.



Prone positioning

The median time from intubation to the first prone session was shorter for successful weaning patients compared with weaning failure patients (0.8 days, IQR [0.2–1.8] vs. 1.9 days, IQR [0.4–4.2]; P = 0.006). During the initial prone session adjunctive therapies did not differ significantly between groups, although the proportion tend to be higher in weaning failure patients (Table 2). For all patients, the median duration of the first prone session was 16.0 h (14.2–17.2 h), the median number of prone sessions was 4 (3–7), the median period of proning was 5 days (4–8 days), and the total prone duration was 62.8 h (42.3–107.7 h). Weaning failure patients tend to receive more sessions and longer time of prone positioning, although statistically non-significant.


TABLE 2    Characteristics of adjunctive therapies and prone sessions.
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Ventilatory ratio response

Among 53 successfully weaned patients, the VR decreased from a mean of 1.54 ± 0.55 at baseline to 1.27 ± 0.48 at time P1. The results observed at times P2, P3, and S1 were almost constant and similar to that observed at time P1. Among 50 weaning failure patients, the VR did not change markedly from baseline to time S1. The between-group differences were significant at all time points through the first prone period (Figure 2A). Changes in the VR were significantly different between groups at time P1 (Mean difference 0.23, 95% CI 0.02–0.48; P = 0.025) (Supplementary Table 1). Furthermore, the proportion of patients with successful weaning was 60.0% when VR decreased by more than 0.40 from baseline to time P1; in contrast, for patients VR increased by more than 0.40, the proportion of successful weaning was only 21.4% (Figure 3).
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FIGURE 2
Physiological response to prone positioning according to subgroups of successful weaning and weaning failure at day 28. (A) Ventilatory ratio response to prone positioning according to different subgroups. (B) PaO2:FiO2 response to prone positioning according to different subgroups. The error interval between dotted line indicate the SE. *p < 0.05 of absolute values of different time points vs. baseline within group; †p < 0.05 of absolute value of success group vs. failure group at the same time point.
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FIGURE 3
Proportion of patients with successful weaning according to the change of VR within 4 h after prone positioning (time P1). Blue plots represent successful weaning patients at day 28, whereas, gray plots represent weaning failure patients at day 28. –0.40 was 33rd percentile of VR change at time P1.


For oxygenation response, among 53 successfully weaning patients, the PaO2:FiO2 ratio increased from a mean of 132 ± 39 mmHg at baseline to 260 ± 68 mmHg at time P3. After resupine, the PaO2:FiO2 ratio decreased to a mean of 223 ± 64 mmHg. No between-group difference was observed through the first prone period (Figure 2B). Changes in PaO2:FiO2 ratio were found significantly different between groups at time P3 (Mean difference 36.64, 95% CI 2.53–70.76; P = 0.035) (Supplementary Table 1). The values for other blood gas results and mechanical ventilation parameters are shown in Supplementary Table 1.



Prediction of weaning by ventilatory ratio response

During the first prone positioning, the AUROC value of the changes in the VR between baseline and time P1 was significant for predicting the probability of successful weaning at day 28 (AUROC 0.64, 95% CI 0.53–0.75; P = 0.015) (Supplementary Table 2 and Supplementary Figure 1). The optimal cut-off value for the changes of the VR between baseline and time P1 was –0.037, with a sensitivity of 55.6% and specificity of 70.0%. “VR responders” were defined as patients showing a decrease in the ventilatory ratio of greater than or equal to 0.037 from the baseline to time P1.

Moreover, changes in static respiratory system compliance and driving pressure were statistically significant between VR responders and non-responders (Supplementary Table 4). A linear relationship was also found between the changes in VR from baseline to time P1 and the changes in respiratory system compliance (Crs) from baseline to during prone positioning (r = 0.32, P = 0.025) (Figure 4). However, such relationships were not found in PaO2:FiO2 ratio. A detailed description of the predictive value of the changes of PaO2:FiO2 ratio and its relationship with respiratory mechanics are shown in Supplementary Tables 2, 5.
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FIGURE 4
Correlation between changes in the static compliance of the respiratory system (ΔCrs) and changes in VR at time P1 (ΔVR, left) or PaO2:FiO2 ratio at time S1 (ΔPF, right) when compared with the supine position. VR was calculated as a ratio which compares actual measurements and predicted values of minute ventilation and PaCO2 as proposed previously. Crs was calculated as Vt divided by driving pressure. And driving pressure was acquired during an end-inspiration and end-expiration maneuver, calculated as plateau pressure minus end-expiratory pressure.




Clinical outcomes and predictors of liberation from mechanical ventilation

In our cohort, overall ventilator-free days was 2.2 [0.0–7.0] days, mortality was 41%. For VR responders, as compared to the non-responders group, the number of ventilator-free days was significantly higher [4.1 (0.0–7.1) vs. 0.0 (0.0–7.0) days, P = 0.033] and mortality tend to be lower (36.4 vs. 52.5%, P = 0.117) (Supplementary Table 3).

The multivariable competing-risk analysis (Table 3) showed that VR change within 4 h after prone positioning (sHR 0.57, 95% CI 0.35–0.92; p = 0.022) and SOFA score (sHR 0.91, 95% CI 0.83–0.99; p = 0.045) was independently associated with liberation from mechanical ventilation at 28 days after adjustment for covariates, while PaO2:FiO2 change was not.


TABLE 3    Competing-risk regression model for predicting liberation from mechanical ventilation at day 28.
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Discussion

To our knowledge, it’s the first time we explore the VR, a simple bedside method, its change during the first prone session, and the association with liberation from mechanical ventilation in moderate to severe ARDS patients. The main results of the study could be summarized as follows. (1) The VR during the first prone session differed significantly between successful weaning patients and weaning failure patients at day 28. (2) The change in VR from baseline to within 4 h after prone positioning may predict liberation from mechanical ventilation at day 28 and have a linear relationship with static respiratory system compliance changes. (3) VR change within 4 h after prone positioning was independently associated with liberation from mechanical ventilation at 28 days even after controlling for other prognostic variables.

The VR was proposed by Sinha in 2009, calculated as a ratio that compares actual measurements and predicted values of minute ventilation and PaCO2 (13). It was deemed to reflect the combined effect of dead space and shunt on CO2 elimination, especially in diseases such as ARDS, where there is likely to be a massive ventilation-perfusion mismatch. In 2019, a physiological analysis demonstrated that VR correlates well with dead space fraction in ARDS patients, and higher values are associated with increased risk of adverse outcomes, making VR promising as a simple bedside index evaluating impaired ventilation in ARDS (14). Prior study examined the VR change following prone position maneuver and found an improvement in VR after the initial prone session in ARDS patients. Still, scarce studies explore the prognostic utility of VR following prone position maneuver (7). In this study, we found a significant difference in VR at all time points through the initial prone period between successfully weaning patients and weaning failure patients. And there is an upward trend in successful weaning proportion following the degree of VR improvement at an early stage after initial prone (within 4 h). After multivariable regression analysis, our results showed that VR change within 4 h after prone positioning was independently associated with liberation from mechanical ventilation at 28 days even after controlling for other prognostic variables.

Previous studies examining oxygenation response to prone have demonstrated mixed results. One secondary analysis based on PROSEVA data failed to show any change in the PaO2:FiO2 ratio that differed between survivors and non-survivors (8). Recently, a retrospective study found that the PaO2:FiO2 ratio after the first prone positioning differed significantly between ICU survivors and non-survivors, and the percentage of PaO2:FiO2 ratio change may be a significant predictor of survival in ARDS patients who received prone positioning (5).

Mix results can be partly attributed to the mechanism of prone maneuver-related PaO2:FiO2 ratio improvement. First, when patients shift from supine to prone, the primary phenomenon is the balance between the release of dorsal atelectasis and its formation in the ventral area. This density redistribution was observed in many early ARDS patients (17, 18). Rossi et al. observed such phenomenon and they demonstrated that the PaO2:FiO2 ratio changes after prone positioning correlated with the balance between resolution of dorsal atelectasis and formation of ventral atelectasis (19). Second, ventilation/perfusion matching is improved simply due to the decreased hydrostatic gradient after prone or changes of global cardiac output, thus resulting in oxygenation improvement (10, 20). Whereas, the first mechanism is much more critical in terms of enhancing protection from ventilator-induced lung injury. Gattinoni et al. (21) reported that an increase in PaO2:FiO2 ratio > 20 mmHg after 6 h of prone positioning is not a predictor of the patient’s prognosis, whereas, a decline in PaCO2 ≥ 1 mmHg is. In our present study, the VR was used as a tool to monitor ventilation impairment just as PaCO2 did, VR responders had a reduced duration of mechanical ventilation at day 28 compared with VR non-responders, and VR change was independently associated with liberation from mechanical ventilation whereas PaO2:FiO2 change was not. This remind us that bedside ventilatory ratio monitoring may be a more appropriate way when considering ventilator liberation in moderate to severe ARDS patients after prone. Future studies are needed to address this critical issue.

Shifting from supine to prone resulted in a decrease in chest wall compliance, which was caused by a greater rigidity of the rib cage component of the chest wall in the prone position when compared with the supine position (22). The decrease in chest wall compliance may be compensated if dorsal recruitment overcomes ventral derecruitment, which can lead to increased respiratory system compliance. In our present study, 29 of 43 patients were PaO2:FiO2 responders (increased PaO2:FiO2 ratio > 22.95 mmHg within 4 h after resupine). However, changes in Pplat, Crs, and driving pressure did not differ between PaO2:FiO2 responders and PaO2:FiO2 non-responders. In contrast, 29 of 49 patients were VR responders (decreased VR > 0.037 within 4 h after PP). VR responders had a significant improvement in Crs, and driving pressure, compared with non-responders. And a linear relationship was found between the changes in VR at time P1 and the changes in static respiratory system compliance from baseline to during prone positioning. Similar findings were also reported by Charron et al. (11) that dead space fraction, and Crs were significantly more altered in PaCO2 responders than non-responders when compared with the PaO2:FiO2 classification. One prospective cohort study reported that improvement in respiratory system compliance contributes to the recovery of pulmonary function (23). Accordingly, these findings suggest that improvement in respiratory system compliance during prone positioning may have contributed to better outcomes in patients receiving prone position ventilation, and it seems that dynamic evaluation of ventilatory impairment was more relevant to respiratory system compliance change during prone; hence, reflect the recovery of pulmonary function in ARDS.

Another important finding in our present study was that the difference in the VR was found at within 4 h after the first prone session between successful weaning patients and weaning failure patients at day 28, which is a relatively earlier stage after prone positioning. While the difference in PaO2:FiO2 ratio was found after 12 h from the initiation of the first prone positioning. Similar findings were also reported by Scaramuzzo et al. that sustained oxygenation improvement after returning to supine position was associated with early liberation from mechanical ventilation among prone patients (6). Which may suggested that the VR improvement manifest at an early stage after prone in successful weaning patients, while PaO2:FiO2 ratio improvement persistent for a long time indicates successful weaning from ventilator. Owing to the missing data and retrospective study characteristic of our study, such results should be interpreted carefully, and future prospective study is required.

Our results may potentially help clinicians in identifying patients who may get the best out of prone positioning: those with significant decreasing in VR at early stage. Hence, other interventions, such as early application of ECMO may be considered in patients who present reversely. Recently, a prolonged time of prone positioning was suggested in order to maintain oxygenation improvement (24). Similar tendency was observed in our population when more prone sessions and longer total prone time were applied to non-responder patients, but significant difference still presented in 28-day outcomes between VR responders and non-responders. It is worth to explore in future studies if prolonged prone session could reverse patients’ poor response to prone and who could still benefit from prone position ventilation or responsiveness to prone was inherently determined.

Our study had several limitations. First, it’s retrospective, single center study, and data missing or inadequate data may have affected the outcomes. Another limitation is that 29.1% of the patients included in our study have a baseline PaO2:FiO2 ratio between 150 and 200 mmHg, while previous guideline recommended PaO2:FiO2 ratio lower than 150 mmHg as an indication for prone positioning. Despite this, we just analyzed the response to the first prone session. Further studies should evaluate the response to subsequent prone sessions and its relationship with patient outcomes.



Conclusion

Ventilatory ratio decreased more significantly within 4 h after prone positioning in patients with successfully weaning at day 28. The respiratory response to prone positioning appeared more relevant when VR rather than the PaO2:FiO2 ratio was used. VR change within 4 h after prone positioning was independently associated with liberation from mechanical ventilation at day 28.
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Variable (reference) Univariate analysis Multivariate analysis

sHR (95% CI) P sHR (95% CI) P
AVR at time P1 0.64 (0.41-1.01) 0.057 0.57 (0.35-0.92) 0.022
APF at time S1, mmHg 1.00 (1.00-1.01) 0.072 1.00 (1.00-1.01) 0.234
Gender (male) 0.98 (0.96-1.00) 0.019 -
Age, years 1.02 (0.95-1.09) 0.605 0.98 (0.97-1.00) 0.059
Body-mass index, kg/m2 0.97 (0.93-1.00) 0.069 -
SOFA score 0.94 (0.86-1.01) 0.103 0.91 (0.83-0.99) 0.045
APACHE II score 1.12 (0.95-1.33) 0.187 —
Baseline TV, ml/kg PBW 1.02 (0.94-1.11) 0.607 -
Baseline PEEP, cm H,O 1.00 (0.99-1.01) 0.835 -
Baseline PE, mmHg 0.56 (0.29-1.06) 0.075 -
Neuromuscular blockers (No) 0.37 (0.11-1.20) 0.098 -
Vasopressors (No) 0.45 (0.15-1.31) 0.144 -
Renal replacement therapy (No) 0.81 (0.68-0.96) 0.017 -
Median time from intubation to the first prone session, days 0.96 (0.91-1.01) 0.114 0.79 (0.61-1.01) 0.062
Biocarbonate, mmol/L 0.96 (0.92-1.00) 0.072 -

Significant P-values are highlighted in bold. VR, ventilatory ratio; PE, PaO,:FiO,; SOFA, sequential organ failure assessment; APACHE, acute physiology and chronic health evaluation;
TV, tidal volume; ARDS, acute respiratory distress syndrome; PEEP, positive end-expiratory pressure; CI, confidence interval; sHR, subdistribution hazard ratio.





OPS/images/fmed-09-1057260-t002.jpg
Variables

Neuromuscular
blockers
Vasopressors
Renal
replacement
therapy
Duration of the
first prone
session, h
Prone sessions
Period of
proning, days
Total prone

duration, h

Total
(n=103)

29 (28.2)
12 (11.7)

14 (13.6)

16.0
(14.2-17.2)

4(3-7)
5(4-8)

62.8
(42.3-107.7)

Successful
weaning
(n=53)

11 (20.8)
3(5.7)
4(7.6)

156

(14.1-16.9)

4(3-6)
5(4-7)

592
(46.4-84.6)

Data are reported as 7 (%), or median (1st-3rd quartile).

Weaning
failure
(n=50)

18 (36.0)
9 (18.0)

10 (20.0)

16.3
(14.2-17.6)

5(2-8)
6 (3-9)

83.4
(32.6-125.4)

P

0.086

0.051

0.065

0.118

0.790

0.661

0.398
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Characteristic Total Successful ~ Weaning p
(n=103) weaning failure
(n=53) (n=50)

Age, years 69 £+ 14 66 + 14 73+ 14 0.026
Gender, Male 85 (82.5) 43 (81.1) 42 (84.0) 0.702
Body-mass index, 23.2+35 23.3+37 23.0+33 0.592
kg/m?

APACHE II score 216172 204+£6.5 22.8+7.7 0.084
SOFA score 83+31 7.8+£3.0 88+3.1 0.100
ARDS severity 0.246
150 < PaOy:FiO; 30 (29.1) 18 (34.0) 12 (24.0)

< 200

100 < PaO,:FiO, 51 (49.5) 22 (41.5) 29 (58.0)

< 150

Pa0,:Fi0; < 100 22 (214) 13 (24.5) 9(18.0)

Primary cause of 0.487
ARDS

Pneumonia 76 (73.8) 37 (69.8) 39(78.0)

Aspiration 10 (9.7) 5(9.4) 5(10.0)
Non-pulmonary 17 (16.5) 11(20.8) 6(12.0)

sepsis

Comorbidities

Diabetes 11(10.7) 4(7.6) 7 (14.0) 0.289
Hypertension 49 (47.6) 30 (56.6) 19 (38.0) 0.059
Chronic liver 6(5.8) 4(7.6) 2(4.0) 0.442
disease

Chronic kidney 9(7.2) 5(8.3) 4(6.2) 0.797
disease

Coronary artery 22 (21.4) 11 (20.8) 11(22.0) 0.878
disease

COPD 4(3.9) 1(1.9) 3(6.0) 0.280
Median time from 11 08(02-1.8)  1.9(04-42)  0.006*
intubation to (0.3-2.4)

prone, days

Pre-prone

parameters

Tidal volume, 65+ 18 714+17 6.7+15 0.204
ml/kg PBW

Respiratory rate, 21+6 21+6 22+6 0.122
breaths/min

PEEP, cm H,O 10+3 10+3 9.3 0.439
§Driving pressure, 12+4 11+3 12+4 0.056
cm H,O

SPlateau pressure, 21+£5 21+5 2245 0.469
cm H,O

FiO;, % 61 +20 61 +21 62419 0.946
Minute ventilation 92433 9.0+ 34 94+£3.1 0.533
(VE), L/min

§Compliance, 36113 39+ 14 32412 0.052
ml/cm H,O

Pre-prone blood

gases

pH 7.38 £ 0.07 7.38 £ 0.07 7.38 £0.07 0.998
PaCO,, mm Hg 43 4+ 10 41 £+ 10 44 + 11 0.115
VE:PaCOy, 2334116 237+ 128 229+104 0723
ml-min~!-mm

-Ig*l

PaO,, mm Hg 77 £ 19 75+ 17 79 £+ 20 0.272
PaO,:FiO,, mmHg 133135 132 £40 134 + 30 0.834
Bicarbonate, 25+5 24 +5 26+6 0.092
mmol/L

Lactate, mmol/L 1.9+ 1.0 1.8+1.1 1.9+ 1.0 0.617
Ventilatory ratio 1.62 £ 0.56 1.54 £0.55 1.70 £0.55 0.159

Data are reported as 1 (%), mean = SD, or median (1st-3rd quartile). *p < 0.05; $Baseline
respiratory mechanics data were partly missed at baseline, available data distribution

was n = 70 for total, n = 36 for successful weaning group and »n = 34 for weaning
failure group. Missing percentage was 25.3% for total, 32.1% for successful weaning
group, 32.0% for weaning failure group. ARDS, acute respiratory distress syndrome;
APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ
failure assessment score; COPD, chronic obstructive pulmonary disease; PEEP, positive
end-expiratory pressure.
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