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Abstract 

Background: To evaluate the association between ventilator type and hospital mortality in patients with acute 
respiratory distress syndrome (ARDS) related to COVID‑19 (SARS‑CoV2 infection), a single‑center prospective observa‑
tional study in France.

Results: We prospectively included consecutive adults admitted to the intensive care unit (ICU) of a university‑
affiliated tertiary hospital for ARDS related to proven COVID‑19, between March 2020 and July 2021. All patients were 
intubated. We compared two patient groups defined by whether an ICU ventilator or a less sophisticated ventilator 
such as a sophisticated turbine‑based transport ventilator was used. Kaplan–Meier survival curves were plotted. Cox 
multivariate regression was performed to identify associations between patient characteristics and hospital mortal‑
ity. We included 189 patients (140 [74.1%] men) with a median age of 65 years [IQR, 55–73], of whom 61 (32.3%) died 
before hospital discharge. By multivariate analysis, factors associated with in‑hospital mortality were age ≥ 70 years 
(HR, 2.11; 95% CI, 1.24–3.59; P = 0.006), immunodeficiency (HR, 2.43; 95% CI, 1.16–5.09; P = 0.02) and serum creati‑
nine ≥ 100 µmol/L (HR, 3.01; 95% CI, 1.77–5.10; P < 0.001) but not ventilator type. As compared to conventional ICU 
(equipped with ICU and anesthesiology ventilators), management in transient ICU (equipped with non‑ICU turbine‑
based ventilators) was associated neither with a longer duration of invasive mechanical ventilation (18 [IQR, 11–32] 
vs. 21 [13–37] days, respectively; P = 0.39) nor with a longer ICU stay (24 [IQR, 14–40] vs. 27 [15–44] days, respectively; 
P = 0.44).

Conclusions: In ventilated patients with ARDS due to COVID‑19, management in transient ICU equipped with non‑
ICU sophisticated turbine‑based ventilators was not associated with worse outcomes compared to standard ICU, 
equipped with ICU ventilators. Although our study design is not powered to demonstrate any difference in outcome, 
our results after adjustment do not suggest any signal of harm when using these transport type ventilators as an 
alternative to ICU ventilators during COVID‑19 surge.
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Take home message
During COVID-19 pandemics when many healthcare 
systems were overwhelmed and ICUs saw huge surges 
in admissions, using sophisticated turbine-based trans-
port ventilators after admission was associated neither 
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with higher in-hospital mortality nor with longer invasive 
mechanical ventilation duration in critically ill patients 
with SARS-CoV2 infection-related ARDS. Although our 
study design is underpowered to demonstrate outcome 
differences, our results do not suggest any signal of harm 
when using these transport type ventilators as an alterna-
tive to ICU ventilators during COVID-19 surge.

Background
The current COVID-19 pandemic, caused by the SARS-
CoV2 virus, is evolving in waves that put healthcare sys-
tems under severe strain [1–4]. Nearly 10% of patients 
with COVID-19 have severe acute respiratory distress 
syndrome (ARDS) that requires admission to the inten-
sive care unit (ICU) and, in many cases, invasive mechan-
ical ventilation (MV) [5–9]. As a consequence, waves of 
COVID-19 often stretch the available ICU resources far 
beyond their intended limits [10]. Transient ICU beds 
must then be created in operating rooms, emergency 
departments, and other parts of the hospital. These beds 
need to be equipped, most importantly with competent 
staff and with ventilators.

The management of ARDS relies on lung-protective 
ventilation according to international recommendations 
[11]. Not all existing ventilators have the technical capa-
bilities required for optimal lung-protective ARDS venti-
lation, nor the possibility of close monitoring the plateau 
and driving pressures and compliance. In many hospitals, 
surges in ICU admissions during waves of COVID-19 
result in a shortage of sophisticated ICU ventilators. To 
fill this gap, simpler ventilators such as those designed 
for patient transport are used. These simpler transport 
ventilators could be less efficient for the treatment of 
ARDS, because their intrinsic performances and/or lung 
monitoring may be insufficient. Moreover, physiological 
studies have demonstrated an influence of ventilator type 
on patient comfort, work of breathing, and patient-ven-
tilator asynchronies, with considerable variations across 
ventilator models [12]. An investigation of the potential 
association between the use of transport ventilators and 
the survival of patients with COVID-19-related ARDS 
was, therefore, timely.

The primary objective of this study was to look for 
an association linking the type of ventilator used (ICU 
ventilators, including conventional ICU- and anesthe-
sia ventilator vs. sophisticated turbine-based transport 
ventilators) and hospital mortality in patients requiring 
MV for COVID-19-related ARDS. The secondary objec-
tives were to look for associations linking ventilator type 
to invasive MV duration, ventilation outcomes (prone 
positioning, rescue inhaled nitric oxide and extracorpor-
eal membrane oxygenation [ECMO]), ICU-length of stay 
and day-90 mortality.

Methods
This single-centre observational prospective study was 
approved by the ethics committee of the French Inten-
sive Care Society (#20-42) and registered at the French 
National Institute for Health Data (#MR 4109060520). 
Informed consent was sought from the next of kin, if 
available, and from the patients upon recovery of compe-
tency, in compliance with French law.

Patients
Consecutive adults admitted between March 5, 2020 and 
July 6, 2021, to one of the four Versailles hospital ICUs 
for severe proven SARS-CoV2 infection were prospec-
tively included in the RESPI-COVID19 registry. For the 
analysis of this study, only patients with ARDS related to 
severe SARS-CoV2 infection requiring invasive MV were 
eligible. Patients who received MV for causes other than 
respiratory failure (e.g., non-hypoxic cardiac arrest, car-
diogenic or septic shock, neurological disorder, or preg-
nancy-related disease) were not included.

Study setting and COVID‑19 surge
The Versailles Hospital is a university-affiliated tertiary 
hospital in the Paris area with 800 medical and surgi-
cal beds. The 28-bed closed ICU has 20 ICU beds and 
8 intermediate-care beds for continuous monitoring. 
In March 2020, the first wave of COVID-19 produced a 
sudden and massive increase in the numbers of patients 
with ARDS requiring critical care. Transient ICU beds 
for COVID-19 patients were set up in the intermediate-
bed unit, the post-anesthesia care units, and the cardi-
ology ICU. The total number of ICU beds was then 49, 
in four different places in the hospital. ICU ventilators 
were available for 27 beds. The remaining 22 beds were 
equipped with non-ICU (transport) ventilators. During 
the second and the third wave, transient ICU beds for 
COVID-19 patients were set up once again.

Dedicated ICU teams (paramedics and physicians) 
operated in usual ICU unit and the transient ICU from 
the intermediate-bed unit (28 beds). Anesthesiologist 
teams (paramedics and physicians) operated in the tran-
sient ICUs from the post-anesthesia care units (15 beds). 
A written protocol for COVID-19 related ARDS manage-
ment was disseminated at the start of the epidemic and 
then regularly updated (according to scientific knowledge 
and guidelines at this time). The ICU team participated 
to dedicated staff in the transient ICUs.

The choice of hospitalization ICU area was first made 
based on bed availability and on individual patient renal 
support needs as renal replacement therapy was available 
only in the conventional ICU.
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Definitions
Proven SARS-CoV2 infection was defined as a positive 
reverse transcriptas-polymerase chain reaction (RT-
PCR) result for SARS-CoV2 obtained on a respiratory 
tract sample (nasal or nasopharyngeal swab, tracheal 
aspirate, or bronchial aspirate).

We defined two groups of patients based on ventila-
tor type according to published comparative bench test 
results [13–18]. The ICU group, so called ICU-ventila-
tor, comprised the high-performance devices used in 
our ICUs (e.g., Evita XL or Evita Infinity  C500®, Dräger, 
Lübeck, Germany; Carescape  R860®, General Electrics 
Healthcare, Boston, MA, USA) or in operating rooms 
(e.g., Aisys  CS2®, Datex Ohmeda, General Electrics 
Healthcare). The non-ICU group, so-called transport-
ventilator, comprised sophisticated turbine-based ven-
tilators generally designed for mobile interventions but 
used in transient ICUs set up to handle the surge of 
patients with severe COVID-19 (e.g., Monnal T60 and 
 T75®, Air Liquide Healthcare, Paris, France; Elisée 350 
and  250®, ResMed, Saint-Priest, France). Because of the 
surge, bed availability, opening and then closing transient 
ICUs to face the evolving crisis, some patients were ven-
tilated with both ventilator type during the study period. 
For these patients, classification group was defined 
according to composite criteria regarding ventilator type 
used during the first 10 days of the acute phase of ARDS 
management, and the ratio period time of the entire inva-
sive MV duration for the eligible ventilator type. Heat 
and moisture exchanger were used during wave 1 then 
heated humidifiers during wave 2 and 3.

Standardized ICU management of patients 
with COVID‑19‑related ARDS
The same standardized care management was used at all 
four ICU sites. At the early phase of the pandemic (first 
wave), whether virus aerosolization could occur with 
non-invasive ventilation (NIV) and/or high-flow nasal 
oxygen (HFNO) was unknown. Consequently, conven-
tional oxygen therapy via a face mask was the preferred, 
albeit not exclusive, modality of initial oxygen admin-
istration [19]. The criteria for invasive MV initiation 
were persistent severe hypoxemia  (SpO2 < 90% despite 
12–15 L/min face-mask oxygen or  FiO2 = 100% on NIV 
or HFNO) or persistent clinical signs of acute respira-
tory distress. Patients with ARDS as defined by the Ber-
lin classification received invasive MV (volume assist 
controlled ventilation mode, tidal volume of 6  mL/kg 
of predicted body weight, positive end-expiratory pres-
sure regarding  FiO2 level with respect to plateau pres-
sure ≤ 28–30  cmH2O), sedative drugs, neuromuscular 
blockade and prone positioning in compliance with 

international guidelines [11, 20–23]. Inhaled nitric oxide 
and/or recruitment maneuvers were performed as rescue 
therapy if deemed necessary by the physician in charge. 
The appropriateness of using rescue ECMO was dis-
cussed collegially with referral center specialists (ICU, 
Pitié-Salpêtrière Teaching Hospital, Paris, France) in all 
patients with prespecified criteria [24–26]. Prophylac-
tic anticoagulation was given in a standard dosage based 
on patient weight until March 25 and in an intermedi-
ate dosage thereafter [27–29]. Bacterial co-infection at 
admission or during the ICU stay was carefully screened 
for and treated as appropriate.

Since summer 2020 and the positive results of the 
RECOVERY study on steroids efficacy for hypoxemic 
SARS-CoV2 patients [30], international guidelines had 
recommended [31] their use for all critical patients 
requiring supplemental oxygen. Patients admitted since 
July 25, 2020 received intravenous dexamethasone 6 mg 
per day for 10 days. In addition, preliminary data on risk 
contamination (viral aerosolization) leads to reassurance 
for non-invasive ventilatory assistance, such as HFNO 
and face-mask NIV [32–34]. At this time, we used HFNO 
as first line oxygen therapy for all patients admitted 
since July 25, 2020 for a de novo acute respiratory failure 
related to a proven SARS-CoV2 infection.

Rescue intravenous dexamethasone therapy, 20  mg/
day for 5 days followed by 10 mg/day for 5 days could be 
initiated for patients with persistent moderate-to-severe 
ARDS  (PaO2/FiO2 < 150) and low respiratory static com-
pliance (< 30 mL/cmH2O) despite ventilator setting opti-
mization, intravenous neuromuscular blocking agent 
infusion, and prone positioning [20, 35, 36].

Data collection
Data for each patient were collected into an electronic 
file (Excel®, Microsoft, Redmond, WA) whose access 
was restricted by a code known only by the data collec-
tor [AF]. The data files were anonymized by assigning a 
number to each patient. We collected demographic char-
acteristics and comorbidities. Clinical and laboratory 
findings at ICU admission were recorded. The last  PaO2/
FiO2 ratio before intubation was calculated using the 
following formula  for patients without NIV or HFNO: 
 PaO2/(FiO2 = 0.21 + 0.03 ×  O2 in L/min delivered nasally 
or through a face-mask) [37]. The following data were 
also collected: severity and description of organ fail-
ures according  to the Simplified Acute Physiology score 
II (SAPS-II) [38] and the Sepsis-related Organ Failure 
Assessment (SOFA) score [39], the use of prone position-
ing, inhaled nitric oxide, vasoactive drugs, renal replace-
ment therapy, and ECMO.

We recorded the ventilator device used from ICU 
admission to ICU discharge, total MV duration, and total 
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NIV and/or HFNO duration if relevant. Finally, we col-
lected ICU and hospital lengths of stay, ICU mortality, 
in-hospital mortality, and day-90 mortality (based on 
hospital medical records and follow-up, rehabilitation-
care unit data, or general practitioner data at day-90).

Statistical analysis
Quantitative parameters were described as median 
[interquartile range] and qualitative parameters as num-
ber (percentage). We compared categorical variables 
using Fisher’s exact tests and continuous variables using 
Wilcoxon rank-sum tests.

Survival curves were obtained using the Kaplan–Meier 
estimator and data were censored at day-90 according 
to vital status. To identify associations between patient 
characteristics and hospital mortality, a Cox proportional 
hazard analysis was performed for each variable. A mul-
tivariate model was then built with variables that yielded 
P values smaller than 0.05 by univariate analysis and/or 
were clinically relevant according to the present study or 
previous published data on severe COVID-19 (ventilator 
type, age, immunodeficiency, last  PaO2/FiO2 ratio before 
invasive mechanical ventilation, creatininemia at ICU 
admission, dexamethasone initiated at ICU admission). 
Missing data were imputed using multivariate imputation 
by chained equations.

To better evaluate the effect of ventilator exposure on 
hospital mortality, we conducted an ancillary propensity 

score matching analysis. Used variables (age, male sex, 
time from hospitalization to ICU admission, SAPS II, res-
piratory SOFA score and hepatic SOFA score, creatinine 
at ICU admission ≥ 100  µmol/L and LDH value at ICU 
admission) were associated to both ventilator exposure 
and outcome [40]. Matching tended to reach 1:2 given a 
0.28 caliper on the logit of the propensity score [41].

All tests were two-sided and P values < 0.05 were con-
sidered significant. Analyses were performed using the R 
statistical program version 4.0.3 (R Foundation for Statis-
tical Computing, Vienna, Austria).1

Results
Patients
Figure 1 shows the patient flowchart. Of the 311 critically 
ill patients with a positive RT-PCR for SARS-CoV2 man-
aged in the four COVID-19 ICUs between March 5, 2020 
and July 6, 2021, 189 were included in the study.

Table 1 reports the main patients characteristics. There 
were 140 (74.1%) men with a median age of 65 [IQR, 
57–73] years. Obesity (BMI ≥ 30  kg/m2) was present in 
70 (37.2%) patients and a history of arterial hypertension 
and diabetes mellitus in 87 (46%) and 55 (29.1%) patients, 
respectively. Median time from symptom onset to ICU 
admission was 9 [IQR, 6–11] days.

Patients with SARS-CoV2 
infection admitted to the ICUs

n = 311

Patients requiring invasive 
mechanical ventilation

n = 205

Patients excluded from the study, n = 16
-1 consent withdrawn
-4 cardiac disorder: cardiac arrest (meningeal 
hemorrhage), cardiogenic shock or pulmonary 
oedema
-2 septic shock
-9 coma/neurological disorder: eclampsia, 
metabolic disorder, stroke, cranial traumatism, 
status epilepticus

Patients included in the study 
for ARDS related to

SARS-CoV2 infection
n = 189

Patients managed with 
ICU ventilators
n = 143 (75.7%)

Patients managed with 
transport ventilators

n = 46 (24.3%)

Fig. 1 Patient flowchart. SARS-CoV2 severe acute respiratory syndrome‑coronavirus type 2, ARDS acute respiratory distress syndrome, ICU intensive 
care unit

1  http:// www.R- proje ct. org. Accessed April 02, 2021.

http://www.R-project.org
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Table 1 Baseline and ICU admission characteristics according to ventilator type in patients with acute respiratory distress syndrome 
due to COVID‑19

Variables All patients
n = 189

ICU ventilator
n = 143 (75.7)

Transport 
ventilator
n = 46 (24.3)

P value N  missinga

Demographic char‑
acteristics

 Age (years) 65 [57–73] 65 [56–74] 65 [60–73] 0.90

 Male sex 140 (74.1) 112 (78.3) 28 (60.9) 0.03

 Active smoking 11 (6.0) 9 (6.4) 2 (4.4) 1.00 4

Comorbidities

 Coronary artery 
disease

18 (9.5) 14 (9.8) 4 (8.7) 1.00

 Treated arterial 
hypertension

87 (46.0) 69 (48.3) 18 (39.1) 0.31

 Diabetes mellitus 55 (29.1) 45 (31.5) 10 (21.7) 0.26

 Immunodefi‑
ciency

18 (9.5) 15 (10.5) 3 (6.5) 0.57

 Obesity 
(BMI ≥ 30 kg/m2)

70 (37.2) 56 (39.4) 14 (30.4) 0.30 1

 Asthma 15 (7.9) 10 (7.0) 5 (10.9) 0.37

 COPD 10 (5.3) 8 (5.6) 2 (4.4) 1.00

 Bronchectasis 2 (1.1) 2 (1.4) 0 (0.0) 1.00

Characteristics at ICU 
admission

 Epidemic COVID‑
19 wave

0.23

  Wave 1 82 (43.4) 66 (46.2) 16 (34.8)

  Wave 2 37 (19.6) 29 (20.3) 8 (17.4)

  Wave 3 70 (37.0) 48 (33.6) 22 (47.8)

 SAPS II 40 [34–49] 41 [34–50] 40 [35–45] 0.45

 Day 1, total SOFA 
 scoreb

6 [4–7] 6 [4–7] 6 [4–7] 0.72 1

 Respiratory SOFA 
score

3 [3, 4] 3 [3, 4] 3 [‑4] 0.18

 Cardiovascular 
SOFA score

3 [0–3] 3 [0–3] 3 [0–3] 0.96

 Renal SOFA score 0 [0–0] 0 [0–1] 0 [0–0] 0.28 1

 Neurological SOFA 
score

0 [0–0] 0 [0–0] 0 [0–0] 0.89

 Hepatic SOFA 
score

0 [0–0] 0 [0–0] 0 [0–0] 0.13 1

 Coagulation SOFA 
score

0 [0–0] 0 [0–0] 0 [0–1] 0.28 1

 Time from symp‑
tom onset to ICU 
admission (days)

9 [6–11] 8 [6–12] 9 [6–11] 0.84 1

 Time from hospi‑
talization to ICU 
admission (days)

1 [0–3] 1 [0–3] 2 [0–4] 0.04 1

 Pulmonary co‑
infection at ICU 
admission

16 (8.5) 13 (9.1) 3 (6.5) 0.70

 Oxygen require‑
ments at ICU 
admission (L/min)

15 [15–15] 15 [15–15] 15 [13–15] 0.71 4

Laboratory tests at 
ICU admission
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ICU management
At ICU admission, 16 (8.5%) of the 189 patients 
received orotracheal intubation and MV before ICU 
admission because of on-scene life-threatening res-
piratory distress. The remaining 173 non- intubated 
patients before ICU admission received face-mask sup-
plemental oxygen at a median rate of 15 [IQR, 15–15] 
L/min; of these, 112 (59.3%) were switched to HFNO 
after ICU admission and 48 (25.4%) to supplemental 
NIV. All patients received MV with a median time from 
ICU admission to intubation of 0 [IQR, 0–1] days. The 
last  PaO2/FiO2 ratio before intubation was 89 [IQR, 
71–123], corresponding to a median  FiO2 of 80% [IQR, 
66%-100%].

Comparison according to ventilator type
Of the 189 patients, 143 (75.7%) were managed with ICU 
ventilators and 46 (24.3%) with transport ventilators 
(Table 1). The only baseline differences between the two 
groups were for male sex percentage, time from hospi-
talization to ICU admission, lactate, LDH, D-dimers and 
serum creatinine. The two groups were not significantly 
different in terms of severity scores during the first 24 h 
after ICU admission (SAPS II and specific organ SOFA 
scores) neither for the use of prone positioning, num-
ber of prone position sessions per patient, rescue use of 
inhaled nitric oxide, rescue use of ECMO, or frequency 
of ventilator-associated pneumonia (Table 2).

Determinants of hospital mortality
Figure  2 reports the Kaplan–Meier survival curves 
in the two ventilator-type groups. Overall in-hospi-
tal mortality was 32.3% (61/189) with no significant 
between-group difference (P = 0.44). Results of uni-
variate analysis of the variables associated with hospital 
mortality are shown in Additional file 1: Table S1. Ven-
tilator type was not associated with hospital mortality 
in univariate analysis. By multivariate analysis (Fig. 3), 
the variables significantly associated with hospital mor-
tality were age ≥ 70 years (HR, 2.11; 95%CI, 1.24–3.59; 
P = 0.006), immunodeficiency (HR, 2.43; 95%CI, 1.16–
5.09; P = 0.02) and serum creatinine ≥ 100 µmol/L (HR, 
3.01; 95%CI, 1.77–5.10; P < 0.001) but not ventilator 
type (ICU vs. transport).

The results of hospital mortality comparison between 
waves according to ventilator type did not show sig-
nificant difference: 30% vs. 19% during wave 1 (P = 0.5), 
34% vs. 38% during wave 2 (P > 0.9) and 38% vs. 32% 
during wave 3 (P = 0.6), respectively, for ICU-ventilator 
group and transport-ventilator group.

The results subset of the propensity score matching 
analysis was composed of 111 patients, whom 70 were 
exposed to ICU ventilators and 41 to transport venti-
lators. This sensitivity analysis produced comparable 
results without significant difference in hospital mor-
tality rate (30% in the ICU ventilator group vs. 26.8% in 
the transport ventilator group,  P = 0.83) (Additional 
file 1: Table S2).

Table 1 (continued)

Variables All patients
n = 189

ICU ventilator
n = 143 (75.7)

Transport 
ventilator
n = 46 (24.3)

P value N  missinga

 Lactate (mmol/L) 1.5 [1.2–1.9] 1.6 [1.3–2.0] 1.4 [1.2–1.7] 0.03 1

 LDH (IU/L) 724 [532–915] 759 [609–1002] 580 [464–763]  < 0.001 3

 Lymphocytes 
(G/L)

0.66 [0.45–0.95] 0.70 [0.45–1.00] 0.62 [0.43–0.84] 0.17 6

 C‑reactive protein 
(mg/L)

167 [94–242] 170 [95–245] 147 [86–200] 0.25 23

 Procalcitonin (ng/
mL)

0.4 [0.2–1.1] 0.4 [0.2–1.3] 0.3 [0.2–0.7] 0.16 26

 d‑dimers (ng/mL) 1525 [883–2550] 1750 [970–2650] 1090 [770–1730] 0.02 27

 Creatinine 
(µmol/L)

73 [60–98] 78 [62–101] 66 [53–88] 0.02 1

 Troponin (ng/mL) 0.01 [0.01–0.02] 0.01 [0.01–0.03] 0.01 [0.01–0.02] 0.44 25

 NT‑proBNP (pg/
mL)

383 [156–973] 473 [188–1021] 311 [143–670] 0.27 70

Data are Presented as N (%) or median [interquartile range]

BMI body mass index, COPD chronic obstructive pulmonary disease, ICU intensive care unit, SAPS II Simplified Acute Physiology Score II, SOFA sepsis-related organ 
failure assessment, LDH lactate dehydrogenase, CRP NT-proBNP: NT-pro B-type natriuretic peptide
a Number of missing observations, unless Ø
b Six organs or systems are assessed, each receiving 0 (no dysfunction) to 4 points (more severe dysfunction). The sum of scores ranges from 0 to 24; higher scores 
indicate more severe disease
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Other outcomes
Table 2 reports the patient outcomes in the two ventila-
tor-type groups. MV duration, ICU mortality, hospital 
mortality, and day-90 mortality showed no significant 
between-group differences.

All patients were followed up until day-90.

Discussion
To our knowledge, this study is the first to pro-
vide detailed information regarding ICU outcomes 
according to the ventilator type used in patients with 

COVID-19-related ARDS managed during epidemic 
spikes. Using less sophisticated ventilators instead of ICU 
ventilators in transient ICU was not significantly associ-
ated with ICU, in-hospital, or day-90 mortality. Neither 
was there any between-group difference in MV duration 
or in-ICU or hospital lengths of stay. However, our study 
focused only on two turbine-based non-ICU ventilators.

At the time of our study (March 2020 to July 2021), 
no etiological treatment had demonstrated efficacy 
against severe COVID-19. Consequently, the treatment 
relied on ventilatory assistance, other organ-supportive 

Table 2 ICU management and outcomes according to ventilator type in patients with COVID‑19‑related acute respiratory distress 
syndrome

Data are presented as N (%) or Median [interquartile range]

ICU intensive care unit, PaO2/FiO2 partial pressure of oxygen to fraction of inspired oxygen, ARDS acute respiratory distress syndrome, PBW predicted body weight, MV 
mechanical ventilation, PEEP positive end-expiratory pressure, ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome
a Number of missing observations, unless Ø

Variables All patients
n = 189

ICU ventilator
n = 143 (75.7)

Transport ventilator
n = 46 (24.3)

P value N  missinga

ICU management

 High‑flow nasal oxygen 112 (59.3) 80 (55.9) 32 (69.6) 0.12

 Non‑invasive ventilation 48 (25.4) 33 (23.1) 15 (32.6) 0.24

 Last  PaO2/FiO2 ratio before intubation 89 [71–123] 89 [72–123] 84 [69–113] 0.52 28

Ventilatory settings, first day of ARDS

 First  PaO2/FiO2 ratio under invasive MV 139 [99–178] 139 [99–178] 126 [98–174] 0.36 2

 Corresponding first  FiO2 under invasive MV 1.0 [0.8–1.0] 1.0 [0.8–1.0] 0.9 [0.7–1.0] 0.02 2

 Tidal volume (mL/kg PBW) 6.0 [5.9–6.2] 6.0 [5.9–6.2] 6.0 [6.0–6.1] 0.64 3

 Set PEEP, cm  H2O 12 [10–12] 12 [10–12] 12 [10–12] 0.69 2

 Plateau pressure  (PPLAT, cm  H2O) 23 [21–25] 23 [21–25] 22 [20–24] 0.23 25

 Driving pressure, cm  H2O 10 [9–12] 11 [9–13] 10 [9–11] 0.10 25

 Time from ICU admission to intubation (days) 0 [0–1] 0 [0–1] 0 [0–1] 0.34 1

 Prone positioning 133 (70.4) 99 (69.2) 34 (73.9) 0.58

 Number of prone position sessions 4 [2–7] 4 [2–8] 4 [2–6] 0.43

 Inhaled nitric oxide 52 (27.5) 42 (29.4) 10 (21.7) 0.35

 ECMO 10 (5.3) 10 (7.0) 0 (0.0) 0.12

 Ventilator‑associated pneumonia 110 (58.2) 80 (55.9) 30 (65.2) 0.31

 Weaning failure (≥ 2 orotracheal intubations) 27 (14.3) 17 (11.9) 10 (21.7) 0.14

 Tracheostomy 27 (14.3) 20 (14.0) 7 (15.2) 0.81

 Need for vasoactive drugs in the ICU 176 (93.1) 134 (93.7) 42 (91.3) 0.52

 Need for renal replacement therapy in the ICU 28 (14.8) 25 (17.5) 3 (6.5) 0.09

 Dexamethasone initiated at ICU admission 107 (56.6) 77 (53.9) 30 (65.2) 0.23

 Rescue dexamethasone for persistent ARDS 38 (20.1) 30 (21.0) 8 (17.4) 0.68

Outcomes

 Duration of invasive MV, days 19 [11–33] 18 [11–32] 21 [13–37] 0.39

 ICU length of stay (days) 24 [15–41] 24 [14–40] 27 [15–44] 0.44

 ICU mortality 60 (31.8) 47 (32.9) 13 (28.3) 0.59

 Post‑ICU hospital length of stay (days) 10 [7–15] 11 [8–16] 9 [7–12] 0.10

 Hospital mortality 61 (32.3) 48 (33.6) 13 (28.3) 0.59

 Rehabilitation‑unit length of stay (days) 27 [17–41] 27 [17–41] 31 [21–42] 0.68

 Day‑90 mortality 63 (33.3) 50 (35.0) 13 (28.3) 0.47
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Fig. 2 Kaplan–Meier survival curves according to ventilator type in 189 patients with COVID‑19‑related acute respiratory distress syndrome. ICU 
intensive care unit

Predictors Hazard ratios 
(95% CI) 

P value

Transport ventilator 1.02 (0.54-1.92) 0.95

Age ≥ 70 years 2.11 (1.24-3.59) 0.006

Immunodeficiency 2.43 (1.16-5.09) 0.02

Last PaO2/FiO2 ratio before MV 1.00 (0.99-1.01) 0.63

Creatinine ≥ 100 µmol/L
at ICU admission

Dexamethasone initiated at ICU 
admission

3.01 (1.77-5.10) 

1.35 (0.74-2.47)

<0.001

0.33

Adjusted Hazard Ratio (95%CI)

Increased risk of 
hospital death

Decreased risk of 
hospital death

Fig. 3 Multivariate analysis and forest plot: association of ventilator type and risk factors with risk of hospital mortality. Data marker sizes reflect the 
relative size of each covariate. Hazard ratios were computed after adjustment on the SAPS II. Error bars indicate 95% confidence intervals of hazard 
ratios. 95% CI denotes 95% confidence interval. ICU intensive care unit
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interventions, and symptomatic anti-inflammatory 
medications [30]. We focused on patients admitted for 
COVID-19-related ARDS requiring invasive MV. Of 311 
patients admitted to our four ICUs, 66% were intubated 
in keeping with previous reports of proportions ranging 
from 76 to 87% during the first wave [42–47] and 56% for 
patients with high flow nasal oxygen failure [48].

The hospital mortality rate in our study of patients 
requiring MV was 32.3%, i.e., lower than in previous 
studies of populations with similar baseline characteris-
tics [49, 50]. Differences in mortality may be related to 
differences in selection criteria for ICU admission and/or 
in bed availability [46]. Median MV duration was 19 days 
in our study, as compared to 12 days in previous French 
ICU study [45]. This longer MV duration may have 
resulted in extubation after the end of virus shedding 
and/or of clinically significant lung inflammation. Sever-
ity scores were generally similar across cohorts, with a 
median SAPSII of 40 in our study (including only patients 
requiring invasive MV) and 37 in a French nationwide 
cohort with 38% hospital mortality [45].

Our study suggests that, when no ICU ventilators are 
available, the use of sophisticated turbine-based trans-
port ventilators to treat patients with COVID-19-related 
ARDS may be a valid alternative in transient ICU. Lung 
protective ventilation with low tidal volume and close 
lung monitoring is crucial to minimize alveolar damage 
and mortality in ARDS patients. Artificial ventilators 
must be able to provide lung protective ventilation dur-
ing ARDS. Among the ventilators available on the mar-
ket, especially transport ICU ventilators, not all have the 
technical performances to achieve such a result. In our 
study, we classified as ICU-ventilators the anesthesia 
ventilator Aisys  CS2® (Datex Ohmeda). Even if intrinsic 
performances are stated as close to standard ICU-venti-
lators, previous study testing the delivery of tidal volume 
from anesthesia ventilators during volume-controlled 
ventilation showed different volume error depending 
on set tidal volume, compliance, resistance, and deliv-
ered fresh gas flow [15]. For the Aisys  CS2®, results 
showed a mean of 8–9% volume error (compliance set 
to 30  mL   cm−1H2O) which could lead to unprotective 
ventilation. Lyazidi et  al. showed a difference between 
preset and delivered tidal volume (1–2  mL/kg) despite 
intrinsic compensation algorithms in ICU ventilators 
[16]. The absolute difference was lower but not zero 
(< 5%) for Evita  XL® (Dräger) used in our study. Regard-
less of the type of ventilators used, we can observe a dif-
ference between performances and delivered ventilation 
despite optimal settings. However, no test can determine 
the clinical relevant effect of these error margins. In our 
study, we evaluated only two sophisticated turbine-based 
ventilators as transport-ventilators. L’Her et al. classified 

emergency and transport ventilators according to their 
performances and technical reliability, even ergonomics: 
whereas Monnal  T75® (Air Liquide Healthcare) was clas-
sified as “ICU-like emergency and transport-ventilators”, 
Monnal  T60® (Air Liquide Healthcare) and Elisée  350® 
(ResMed) were classified as “sophistical emergency and 
transport ventilators” [17, 18]. In assist-control mode, 
three of the four tested transport ventilators both accu-
rately controlled the volume delivered and had accept-
able trigger delays in a recent bench study (Michigan test 
lung); two of the three were the Monnal  T60® and Eli-
sée  350® used in our transient ICUs [51]. Despite these 
bench tests results, using transport ventilators for ARDS 
management had never been achieved so far in clinical 
management for such a large number of patients who 
required a long invasive MV time. As mechanical mod-
els can never mimic all complexities of patient-ventila-
tor interactions, short-time bench tests cannot reflect 
patient evolving lung ARDS mechanistic across time, and 
they did not allow making direct conclusion on pulmo-
nary consequences (ventilatory lung injuries). Moreover, 
one must distinguish between ventilator intrinsic per-
formances and capabilities to lung monitoring to avoid 
shortcut conclusion. However, our results did not show 
significant in-between groups differences on MV dura-
tion or MV outcomes defined as the need for prone posi-
tioning, rescue inhaled NO, ECMO for refractory ARDS 
nor on ventilatory events (ventilator-associated pneumo-
nia). Our data on MV outcomes/events are consistent 
with previous publication [45].

We do recognize study limitations. First, patients with 
the greatest severity of critical illness were given prior-
ity for admission to the conventional ICU during the first 
3 weeks of the epidemic surge. This might be a high risk 
of selection bias and could influence our study results. 
However, since end of March 2020 and because of bed 
availability, the intermediate-bed unit and the post-
anesthesia care units operated with direct admissions 
regardless patients COVID-19 severity, except for those 
who need renal replacement therapy. Our results did not 
show significant in-between group difference in terms 
of ventilator management or severity scores that could 
have reflect this patient selection bias at ICU admission. 
The extent to which the more severe critical illness may 
have cancelled each other out cannot be determined with 
certainty even if the propensity score matching analysis 
produced comparable results. Second, the transient ICUs 
had fewer cubic meters per patient with no wall separa-
tions between beds and care was not provided by usual 
trained ICU teams in the post-anesthesia care units. 
Thus, being treated with a transport ventilator was asso-
ciated with many other management differences and it is 
difficult to conclude that our results are solely a reflection 
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of ventilator type, whereas we did not show worse out-
comes in transient ICUs. Third, according to interna-
tional guidelines and as part of quality process, our 
physicians are sensitised to lung protective ventilation 
in case of ARDS management. However, we are not able 
to provide data for the entire MV duration, which could 
have highlighted differences between groups. Fourth, our 
results are based on the evaluation of two types of tur-
bine based non-ICU ventilators and they cannot be gen-
eralized to all non-ICU transport ventilators. Fifth, the 
sample size of 189 patients provided limited statistical 
power to detect significant outcome differences between 
the two groups (post-hoc power evaluation, Additional 
file  1). Sixth, our single center study may not reflect all 
ICUs in countries that have similar health resources. 
Finally, we did not assess the association of the ICU over-
load and mortality based on data on ICU bed capacity 
and transient ICU expansion.

Conclusion
In our population of critically ill patients with COVID-
19-related ARDS managed at the beginning of the pan-
demic, ventilator type as one of several differences in 
ICU care and so management in transient ICU was not 
associated with mortality, MV duration, or length of stay. 
Although our study design is not powered to demon-
strate any difference in outcome, our results after adjust-
ment do not suggest any signal of harm when using these 
transport type ventilators as an alternative to ICU venti-
lators during the three waves of COVID-19 surge. Mul-
ticenter studies of larger populations managed based on 
the current knowledge of COVID-19-related ARDS are 
needed to further compare associations between ventila-
tor type and patient outcomes.
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