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Abstract 

Purpose:  

The aim of this study was to compare the effect of a pressure-controlled strategy allowing 

non-synchronised unassisted spontaneous ventilation (PC-SV) to a conventional volume 

assist-control strategy (ACV) on the outcome of patients with acute respiratory distress 

syndrome (ARDS).  

Methods: 

 Open-label randomised clinical trial in 22 intensive care units (ICU) in France. Seven 

hundred adults with moderate or severe ARDS (PaO2/FiO2 < 200 mmHg) were enrolled from 

February 2013 to October 2018. Patients were randomly assigned to PC-SV (n = 348) or ACV 

(n = 352) with similar objectives of tidal volume (6 mL/kg predicted body weight) and 

positive end-expiratory pressure (PEEP). Paralysis was stopped after 24 h and sedation 

adapted to favour patients' spontaneous ventilation. The primary endpoint was in-hospital 

death from any cause at day 60.  

Results:  

Hospital mortality [34.6% vs 33.5%, p = 0.77, risk ratio (RR) = 1.03 (95% confidence interval 

[CI] 0.84-1.27)], 28-day mortality, as well as the number of ventilator-free days and organ 

failure-free days at day 28 did not differ between PC-SV and ACV groups. Patients in the PC-

SV group received significantly less sedation and neuro-muscular blocking agents than in the 

ACV group. A lower proportion of patients required adjunctive therapy of hypoxemia 

(including prone positioning) in the PC-SV group than in the ACV group [33.1% vs 41.3%, p 

= 0.03, RR = 0.80 (95% CI 0.66-0.98)]. The incidences of pneumothorax and refractory 

hypoxemia did not differ between the groups.  

Conclusions:  

A strategy based on PC-SV mode that favours spontaneous ventilation reduced the need for 

sedation and adjunctive therapies of hypoxemia but did not significantly reduce mortality 

compared to ACV with similar tidal volume and PEEP levels.  

  



 

Introduction 
 

 

Lung protective ventilation refers to an approach to mechanical ventilation considered as the 

mainstay of symptomatic treatment of patients suffering from an acute respiratory distress 

syndrome (ARDS). It significantly improves the prognosis of these patients mostly by 

limiting inspiratory alveolar distention (mediated by tidal volume reduction and plateau 

pressure limitation) and preventing lung volume reduction (mediated by sufficient positive 

end-expiratory pressure, PEEP). 

 

The high ventilatory drive often exhibited by these patients frequently necessitates the use of 

deep sedation and even paralysis to properly manage ventilation at the early phase of ARDS. 

The transition to spontaneous breathing is often challenging [1]. Indeed, when high 

ventilatory demand is present, high tidal volume and major asynchronies may ensue with a 

risk of so-called “patient self-inflicted lung injury” which can be considered as a vicious 

spiral preventing the recovery of lung damage. Conversely, too much sedation and excessive 

use of paralysis may significantly affect diaphragmatic force and function, which are essential 

as soon as the weaning process starts. Ventilator-induced diaphragmatic dysfunction has been 

incriminated in undue significant prolongation of the time under mechanical ventilation [2]. 

More recently, the concept of lung- and diaphragm-protective approach that combine lung 

protective approach and spontaneous diaphragmatic activity while avoiding excessive 

distension to prevent diaphragm atrophy has emerged as being potentially associated with 

improved outcomes [3]. Paradoxically, we showed that pressure controlled with spontaneous 

unassisted breaths mode of ventilation is an alternative to conventional volume assist-control 

mode that may permit by its specific working principle to better cope with this 

physiologically based objective of ventilation [4, 5]. Only low evidence is currently available 

to support this lung- and diaphragm protective approach in patients with ARDS [6–8]. 

 

The purpose of the present randomised clinical trial was to evaluate the impact on outcome of 

patients with ARDS of a pressure-controlled strategy allowing non-synchronized unassisted 

spontaneous ventilation (PC-SV) and thus minimising the risk of high volumes resulting from 

synchronised mechanical breaths and inspiratory efforts [4], compared to volume assist-

control mode (ACV). 

 

 

 

 

 

 



 

Methods 
 

Study design 

 

This was a multicentre open-labelled randomised clinical trial. The trial enrolled participants 

from February 2013 to October 2018 at 22 French university (16) and non-university hospitals 

(6) intensive care units (ICUs) of the REVA (Réseau Européen de recherche en Ventilation 

Artificielle) Network. In agreement with French regulation, the study protocol was approved 

for all centres by the ethics committee of the Angers University Hospital (Comité de 

Protection des Personnes, CHU d’Angers, ID RCB #2012-A00551-42). Informed consent was 

provided by study participants or their surrogates in written form before study inclusion. The 

study was registered on ClinicalTrials. gov (identifier: NCT01862016). 

 

The trial protocol and statistical analysis plan are provided in the electronic supplementary 

material (ESM). 

 

 

Patients 

 

Patients with moderate to severe ARDS (partial pressure of arterial oxygen tension/fraction of 

inspired oxygen ( PaO2/FiO2) ratio ≤ 200 mmHg with PEEP ≥ 5 cmH2O) were eligible for 

enrolment if the four criteria of the Berlin definition were met for no more than 48 h [9].  

 

Main exclusion criteria were suspected or confirmed increased intracranial pressure, sickle 

cell disease, severe chronic respiratory disease requiring long-term oxygen therapy or home 

mechanical ventilation, actual body weight exceeding 1 kg/cm of height, severe burns, severe 

chronic liver disease (Child–Pugh class C), bone marrow transplant or chemotherapy-induced 

neutropenia, pneumothorax, expected duration of mechanical ventilation shorter than 48 h, 

decision to withhold life-sustaining treatment, ventilator recommended for the study not 

available. Additional exclusion criteria are detailed in ESM, page 2. 

 

 

Randomisation 

 

Patients were randomly assigned in permuted blocks stratified by centre. Blinding treating 

clinicians to group assignment was not feasible, but analyses were conducted blindly. 

 

 

Procedures 

 

We compared conventional ACV to PC-SV which is a time-triggered, pressure-limited, time-

cycled mode of ventilation embedding a specific working principle allowing superimposed 

spontaneous ventilation without synchronisation with mandatory breaths. PC-SV was 

provided by using the airway pressure release ventilation (APRV) mode on the Evita 4, XL or 

V500 Draeger ventilators (Lubeck, Germany). We designed a specific strategy to set PC-SV 

and ACV with a similar respiratory pattern (tidal volume, I/E ratio and PEEP) (ESM 1, Figure 

S1). A predefined protocol targeting spontaneous ventilation amounting to 10–50% of minute 

ventilation with a predefined sedation score target was implemented in the PC-SV group to 



favour spontaneous ventilation as soon as paralysis was stopped. Reduction of sedation was 

encouraged according to a similar sedation score objective in the ACV group.  

 

 

Ventilation before application of the randomised strategy (during the first three hours after 

enrolment) 

 

All patients were initially ventilated in ACV (tidal volume of 6 mL/kg predicted body weight 

(PBW) with a constant inspiratory flow) under deep sedation and paralysis irrespective of 

their randomisation arm. External PEEP was increased stepwise to reach an inspiratory 

plateau pressure of 28 cmH2O, as described in a previous trial [10] (see ESM 1 for more 

details). 

 

 

PC‑SV strategy 

 

PEEP also called low airway pressure in PC-SV was set as previously defined in ACV during 

the first 3 h after enrolment. The high airway pressure (PHigh) duration time was set at 1 s 

and the level of PHigh was adjusted to obtain a tidal volume of 6 mL/kg PBW with a plateau 

pressure lower or equal to 28 cmH2O. The low airway pressure duration time was initially set 

to obtain the same respiratory rate as in ACV (to obtain a pH between 7.30 and 7.40). 

 

Twenty-four hours after enrolment, neuro-muscular blocking agents (NMBA) were stopped 

and sedation was adapted daily to maintain a Richmond Agitation- Sedation Scale (RASS) 

score between −2 and −3 and low airway pressure time was lengthened to 2 s (corresponding 

to a respiratory rate set at 20 cycles/min) to favour spontaneous ventilation. The objective was 

to obtain a spontaneous ventilation representing 10–50% of the total minute ventilation with a 

spontaneous tidal volume lower or equal to 6 mL/kg PBW. The contribution of spontaneous 

ventilation to total minute ventilation was assessed by the visual appreciation of the 

ventilator’s minute ventilation trend curve on the ventilator screen at least three times a day 

(ESM 1, Figure S2). Sedation and/or ventilator settings were then adjusted according to a 

simple algorithm to maintain the objective of spontaneous ventilation, modifying either 

minute ventilation or sedation (ESM 1, Figure S3). 

 

 

ACV strategy 

 

The initial ACV ventilator settings as defined during the first 3 h after enrolment before 

application of the randomised strategy (ACV with a tidal volume of 6 mL/kg PBW and PEEP 

to reach an inspiratory plateau pressure of 28 cmH2O, as in the PC-SV group) were 

maintained during the first 24 h after enrolment. After 24 h, it was recommended to stop 

NMBA and sedation was adapted daily to maintain a RASS score between −2 and −3, as in 

the PC-SV group. Daily assessment of patient-ventilator asynchronies based on simple 

definitions was recommended to further adapt sedation and/or ventilator settings (ESM 1, 

Table S1). 

 

 

 

 

 



Ventilation settings recommendations common to both treatment groups  

 

PEEP adaptation and weaning  

 

After the first 24 h following enrolment, PEEP could be increased only in case of refractory 

hypoxemia. Conversely, PEEP reduction was considered when plateau pressure was higher 

than 28 cmH2O in the ACV group or if the tidal volume dropped lower than 6 mL/kg PBW 

despite a plateau pressure of 28 cmH2O in the PC-SV group. Recommendations for PEEP 

weaning after day 3 are detailed in the electronic supplementary material (ESM 1). 

 

 

Paralysis  

 

The possibility to resume NMBA after the initial stop 24 h after enrolment was considered 

only if criteria of acceptable patient-ventilator adaptation were not reached despite the 

optimisation of sedation (ESM 1, table S1). 

 

 

Adjunctive therapies 

 

 Prone position was recommended in patients with profound hypoxemia defined by a PaO2/ 

FiO2 ratio lower or equal to 100 mmHg. Paralysis was not mandatory for prone positioning. 

See ESM1 for details regarding inhaled nitric oxide (NO), intravenous almitrine and 

extracorporeal ventilatory support (extracorporeal membrane oxygenation, ECMO). Weaning 

from ventilation recommendations were common on both groups (see ESM1). 

 

 

Outcome 

 

The primary endpoint was in-hospital death from any cause at day 60 after randomisation. 

Secondary endpoints included mortality at day 28, numbers of ventilator-free days, organ 

failure-free days, and vasoactive drugs-free days at day 28, total amounts of vasoactive drugs 

and fluids received during the first 7 days after inclusion, incidence of refractory hypoxemia 

during the first 7 days of treatment, proportion of patients requiring adjunctive treatment of 

hypoxemia during the first 7 days, number of days alive without sedation at day 28, total 

amounts of sedative drugs and NMBA during the first seven days after inclusion, mean 

sedation level from day 1 to day 7 (assessed using the RASS score), sedation assessed using 

the RASS score presented as an ordinal variable at day one, three and 7, duration of 

ventilation and ICU stay. Refractory hypoxemia was defined as a PaO2 lower than 55 mmHg 

or a SaO2 lower than 88% for more than 30 min despite a FiO2 of 80% or higher. 

 

Pre-planned subgroup analyses included analyses according to PaO2/ FiO2 (≤ or > 100 

mmHg), respiratory system compliance (< or ≥ 35 mL/cmH2O) and radiological score (≤ or > 

7) at admission. 

 

A radiological score quantifying lung opacities in the four quadrants on chest radiography at 

inclusion (ranging from 0 corresponding to no opacity to 12 corresponding to confluent 

alveolar opacities in the four quadrants) was collected [11] (see ESM 1 for more details). 

 

 



 
 

Statistical analysis 

 

A sample size calculations showed that assuming a 35% mortality rate in the control group, 

350 patients per group would provide 80% power at a 2-sided level of 0.05 to detect a 10% 

absolute reduction of mortality in the PC-SV group, based on the potential combination of the 

effects of lung protective ventilation, minimising risks of major transpulmonary pressure 

swings and decreased sedation [3, 12–14]. 

 

Data are presented as number (%), medians [interquartile range, IQR] or means •} standard 

deviation according to data distribution. 95% confidence intervals (95% CIs) were calculated 

for mean differences, median differences, and risk ratios (RR). No imputation technique was 

used for missing data. 

 

All analyses were carried out as predefined in the protocol. Differences between groups were 

assessed using t test or Mann–Whitney test for continuous variables and Chi2 test or Fisher 

exact test for categorical variables. Probabilities of mortality were constructed and differences 

between the groups were compared using the logrank test. 

 

All statistical analyses were performed using Stata v13.1 (StataCorp, College Station, TX, 

USA). 

 

 

 

 

 

 



 

Results 
 

Study population 

 

A total of 2371 patients with inclusion criteria were screened for participation (Fig. 1). Seven 

hundred patients were included of whom 348 were randomised to the PC-SV strategy and 352 

to ACV strategy between February 2013 and October 2018 in 22 French ICUs. One patient 

assigned to the PC-SV group withdrew his consent prior to protocol initiation. The median 

number of enrolled patients across the 22 participating sites was 27 [IQR 6–50]. Six hundred 

and ninety-nine patients completed 60-day follow-up and were included in analyses of all 

clinical endpoints. 

 

Baseline characteristics are presented in Table 1. 

 

 

Respiratory variables 

 

Respiratory variables at day 1, 3 and 7 are reported in Table 2. Tidal volumes at day 1, 3 and 

7 were slightly but significantly higher in PC-SV group than in ACV group. Respiratory rate 

at day 3 was lower in PC-SV group than in ACV group. PEEP at day 7 was higher in the PC-

SV group than in the ACV group. Oxygenation assessed using PaO2/ FiO2 ratio was higher at 

day 1 in PC-SV group than in ACV group but was not different between the two groups at 

day 3 and 7. The percentage of patients in the PC-SV group who were in the optimal target of 

spontaneous ventilation (10–50% of total minute ventilation) was around 4% at day 1, 43% at 

day 3 and 39% at day 7 (ESM 1, Figure S4). 



 

 

Primary endpoint 

 

The hospital mortality defined as in-hospital death from any cause at 60 days was 34.6% in 

the patients treated with PC-SV vs 33.5% in those treated with ACV (p = 0.77; RR = 1.03 

(95% CI 0.84–1.27), log-rank p = 0.65, Table 3 and Fig. 2). 

 

 

Secondary endpoints 

 

There was no difference between PC-SV and ACV groups in terms of mortality at day 28, 

numbers of ventilatorfree days, organ failure-free days and vasoactive drugs free days at day 

28, and durations of ventilation and ICU stay. The total amounts of vasoactive drugs and 

fluids received during the first 7 days after inclusion did not differ between the two groups 

(Table 3). 

 

The incidences of profound and refractory hypoxemia during the first 7 days of treatment 

were not significantly different between PC-SV and ACV groups (Table 3, and ESM 1, Table 

S3). The proportion of patients requiring adjuvant treatment for hypoxemia during the first 7 

days of treatment was lower in the PC-SV group than in the ACV group. Prone position was 

less frequently used during the first seven days in the PC-SV group than in the ACV group. 

Other adjunctive therapies for hypoxemia were used in similar numbers of patients in the two 

groups (Table 3). 

 

The incidence of pneumothorax did not differ between PC-SV and ACV groups (Table 3). 

 

The total amounts of sedative drugs and NMBA received during the first 7 days after 

inclusion were lower in the PC-SV group than in the ACV group (ESM 1, Table S4). In line 

with these results, mean sedation level was lower in the PC-SV group than in the ACV group 

(ESM 1, Table S5). RASS score expressed as ordinal variable at day one, three and seven are 

illustrated in ESM 1 Figure S5. The number of days alive without sedation at day 28 did not 

differ between PC-SV and ACV groups. 

 

 

Pre‑planned subgroup analyses 

 

The hospital mortality rate at day 60 did not differ between PC-SV and ACV groups whatever 

the different predefined subgroups of patients (i.e., PaO2/ FiO2 ≤ or > 100 mmHg; respiratory 

system compliance < or ≥ 35 mL/cmH2O and radiological score ≤ or > 7) (ESM 1, Table S6). 

 

 

Discussion 
 

The present randomised clinical trial enrolling a large number of ARDS patients showed that 

the systematic use of a specific pressure-controlled mode of ventilation (namely PC-SV) 

which tends to favour spontaneous ventilation while minimising its risks, did not impact 

mortality and the number of ventilator and organ failure-free days, but reduced the need for 

sedation compared to the conventional ACV strategy. 

 



 

During the first week of treatment, incidence of refractory hypoxemia did not differ, but a 

lower proportion of patients required adjunctive treatments of hypoxemia in the PC-SV group 

than in the ACV group. In particular, prone position was less frequently used in the PC-SV 

than in the ACV group. The incidence of pneumothorax during the first 28 days was similar in 

both groups. 

 

 

PC‑SV strategy 

 

Pressure controlled ventilation is an alternative to ACV, whose physiological effects have 

been well described [6]. PC-SV mode used in the study has some similarities with the mode 

usually referred as APRV, which permits to deliver two positive-pressure levels, allowing 

unrestricted and unsupported spontaneous breathing during any phase of the respiratory cycle 

(i.e. at the two principles as APRV (two pressure levels, no synchronisation) but is adjusted 

with conventional insufflation time and respiratory rate (contrary to classical APRV set with 

very short expiratory time) [16]. The difference with classical pressure-assist control is that 

patients’ efforts cannot trigger assisted breaths. We hypothesised that PC-SV could help to 

maintain a lung protective ventilation and benefit from the expected effects of non-

synchronised non-assisted spontaneous breathing [3–5]. Synchronisation may indeed favour 

large volumes and distending pressures by adding patient’ effort on top of mandatory 

insufflation or generate breath stacking that may be injurious for the lungs [5, 17]. 

 

The combination of the PC-SV settings with a dedicated protocol to obtain a SV amounting 

10–50% of total minute ventilation, was defined based on a bench and clinical study 

suggesting its feasibility and safety [4]. 

 

The objectives of spontaneous ventilation were defined based on this study showing a 

maintenance of tidal volume around 6 mL/kg PBW even when spontaneous ventilation 

reached around 50% of total minute ventilation [4]. In this context, the present study is the 

first one to assess in a large series of ARDS patients the potential benefit on patients’ 

outcomes of spontaneous ventilation favoured by a specific mode of ventilation, all other 

settings being equal. 

 

 

 

Discussion 
 

The mortality observed in the present study is consistent with recent randomised clinical trials 

in ARDS and slightly lower than the largest recent observational LUNG SAFE study [18, 19]. 

We could not demonstrate that the use of a pressure regulated mode of ventilation at the early 

phase of ARDS improves outcomes and the significant reduction in deep sedation and NMBA 

doses along the first week associated with spontaneous ventilation was the only consistent 

favourable signal in favour of this strategy. The number of ventilator free days was not 

increased. In addition, the unblinded nature of this of ventilation and the physicians’ 

behaviour, regarding the reduction of deep sedation observed the first week. 

 

 

 

 



 
 



 
 

 

 

To prevent excessive inspiratory efforts that may lead to 

high transpulmonary pressure swings, the maximal target 

for spontaneous ventilation in the PC-SV group was 

established at 50%. One cannot exclude that more spontaneous 

ventilation might have revealed more benefits. 

 
 



Patients enrolled in the experimental group were significantly less turned in the prone position 

based on the recommendation of using prone position for severe hypoxemia. Although prone 

position favourably impacts the outcome of patients with severe ARDS, spontaneous 

ventilation associated with lower sedation score may have dissuaded caregivers to consider it 

[20]. Alternatively, one cannot exclude that the predefined hypoxemia target to recommend 

prone position was less frequently reached in patients of the PC-SV group revealing a benefit 

of this approach on gas exchange. Indeed, well designed physiological studies already 

suggested that spontaneous ventilation can favour lung recruitment, improve oxygenation, and 

thus prevent severe hypoxemia. 

 

 

Limitations 

 

The widespread use of NMBA during the first hours of mechanical ventilation has been 

driven by the results of the ACURASYS study showing a beneficial impact of paralysis on 

outcome in the most severe forms of ARDS [21]. These results were not confirmed by the 

ROSE trial [22] and the systematic use of NMBA at the early phase of severe ARDS is no 

more systematically recommended [23]. The reduction of NMBA and sedatives treatments 

observed in the present study could be, at least in part, the consequence of the incitation of the 

protocol rather than the effects of the mode of ventilation per se. Nevertheless, these findings 

definitively demonstrate that pressure regulated mode of ventilation may be efficient and safe 

in these settings. The present study is also limited by its unblinded nature coupled with the use 

of adjunctive interventions left to the discretion of the attending physician in case of severe 

hypoxemia. Interestingly, the similar occurrence of profound hypoxemia suggested that the 

lower incidence of prone position in the PC-SV group likely resulted from the reluctance of 

healthcare providers to turn patients prone in the experimental group. The PC-SV strategy 

reduced significantly prone position requirements without impacting mortality, but we can 

only speculate whether the results could differ with a similar use of prone positioning. Last, 

the possible lack of experience with PC-SV in France compared to ACV, which was 

preferentially used in these centres before the study, may also have interfered with the 

behaviour of caregivers despite the protocolisation of both experimental and control 

strategies. 

 

 

Conclusions 
 

 

In conclusion, a strategy based on a specific pressure controlled mode of ventilation set to 

encourage spontaneous ventilation at minimal risks did not significantly reduce mortality 

compared to conventional ACV with similar tidal volume and PEEP levels but reduced the 

need for sedation and adjunctive therapies of hypoxemia. 
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