
HAL Id: inserm-03541374
https://inserm.hal.science/inserm-03541374

Submitted on 24 Jan 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Assessment of open-source, intermediate and intensive
care unit ventilators to face the COVID-19 pandemic. A

bench study
Claude Guérin, Martin Cour, Florian Degivry, François Charbon, Bruno

Louis, Laurent Argaud, Nicolas Terzi

To cite this version:
Claude Guérin, Martin Cour, Florian Degivry, François Charbon, Bruno Louis, et al.. Assessment
of open-source, intermediate and intensive care unit ventilators to face the COVID-19 pandemic. A
bench study. European Journal of Anaesthesiology, 2022, Publish Ahead of Print, Online ahead of
print. �10.1097/EJA.0000000000001657�. �inserm-03541374�

https://inserm.hal.science/inserm-03541374
https://hal.archives-ouvertes.fr


1 
 

Assessment of open-source, intermediate and intensive care unit ventilators to face the 

COVID-19 pandemic. A bench study. 

Claude Guérin, Martin Cour, Florian Degivry, François Charbon, Bruno Louis, Laurent 

Argaud, Nicolas Terzi 

Claude Guérin Médecine Intensive-Réanimation, 5 Place d’Arsonval, Hôpital Edouard 

Herriot, 69003 Lyon, France claude.guerin@chu-lyon.fr 33 6 71 12 65 83 

Martin Cour Médecine Intensive-Réanimation, 5 Place d’Arsonval, Hôpital Edouard Herriot, 

69003 Lyon, France martin.cour@chu-lyon.fr 33 4 72 11 79 81 

Florian Degivry Médecine Intensive-Réanimation, 5 Place d’Arsonval, Hôpital Edouard 

Herriot, 69003 Lyon, France florian.degivry@chu-lyon.fr 33 4 72 11 00 28 

François Charbon Médecine Intensive-Réanimation, 5 Place d’Arsonval, Hôpital Edouard 

Herriot, 69003 Lyon, France francois.charbon@chu-lyon.fr 33 4 72 11 62 85 

Bruno Louis Institut Mondor de Recherches Biomédicales, INSERM 955, CNRS ERL 7000, 

Créteil, France Faculté de Santé (3ème étage, porte 3026) 8 rue du Général Sarrail 94010 

Créteil, France bruno.louis@inserm.fr 33 1 49 81 36 76 

Laurent Argaud Médecine Intensive-Réanimation, 5 Place d’Arsonval, Hôpital Edouard 

Herriot, 69003 Lyon, France laurent.argaud@chu-lyon.fr  33 4 72 11 00 18 

Nicolas Terzi Médecine Intensive-Réanimation CHU Grenoble Alpes CS 10217 38043 

Grenoble CEDEX 9 nterzi@chu-grenoble.fr 33 4 76 76 87 79 

Corresponding author: Claude Guérin, Service de Médecine Intensive-Réanimation, 5 place 

d’Arsonval 69003 Lyon, France. Phone: 33472002890 Email: claude.guerin@chu-lyon.fr 

  

mailto:claude.guerin@chu-lyon.fr
mailto:martin.cour@chu-lyon.fr
mailto:florian.degivry@chu-lyon.fr
mailto:francois.charbon@chu-lyon.fr
mailto:bruno.louis@inserm.fr
mailto:laurent.argaud@chu-lyon.fr
mailto:nterzi@chu-grenoble.fr
mailto:claude.guerin@chu-lyon.fr


2 
 

The COVID-19 pandemic triggered many strategies to challenge the risk of ventilators 

shortage (1-3). One was the development of n low-cost ventilator as recently proposed (4). A 

second strategy was a large scale production of intermediate ventilators dedicated to 

emergency room and patient transport with the help of non-medical industry, as it was the 

case in France where the government asked car manufacturer Peugeot SA to build 1500 Osiris 

3 (Air Liquide Medical System, Antony, France), and in the US where government ordered 

the purchase of 200 000 ventilators from 11 companies in the country (5). Our goal was to 

assess on the bench accuracy of tidal volume (VT) delivery from brand new low cost 

ventilators, intermediate machines and an ICU ventilator.  

The study took place between May 13, 2020 and October 10, 2020. 

Makair and e-Spiro  low cost ventilators, Osiris 3, EOV150, T60, T75 (Air Liquide Medical 

system), E30 (Philips Respironics, Murrysville, USA) and SV300 (Mindray, Shenzhen, 

China) intermediate ventilators and ICU ventilator SV600 (Mindray) were connected to 

ASL5000 lung model set in passive condition with 10 cmH2O/L/s resistance and 40 

ml/cmH2O compliance to simulate acute respiratory distress syndrome mechanics. E30, 

EOV150, T60, T75, Makair and SV300 ventilators are turbine-driven. Osiris3 and SV600 are 

fed by compressed air. The e-Spiro works with the mechanical compression of a resuscitation 

bag by 3D-printed two arms moved by a stepper motor. 

For e-Spiro and Osiris3 same smoothbore single limb non-vented breathing circuit (length 1.6 

m, 22 mm internal diameter-ID) was used (Intersurgical Ltd., Berkshire, UK). For E30 the 

single-limb vented breathing circuit was the smoothbore BiPAP Breathing circuit of 1.8 m in 

length, 22 mm ID without pressure line (BiPAP vision circuit, Philips Respironics, 

Murrysville, USA). The same smoothbore double-limb breathing circuit of 1.60 m in length 

and 22 mm ID for each limb (Intersurgical Ltd., Berkshire, UK) was used for Makair, 

EOV150, T60, T75, SV300, SV600 ventilators. High Efficiency Particulate Air (Gibeck
® 

Iso-
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Gard HEPA light, Teleflex Inc., Morrisville, NC, USA) was inserted at ventilator outlet. No 

heated-humidifier was used. 

Ventilators were first set in volume-control (except for Makair and E30) at 300, 400 and 

500 ml VT, each at 5, 10, 15 cmH2O positive end-expiratory pressure (PEEP) and, then in 

pressure-control (except for e-Spiro and Osiris3) to display on the screen 400 ml VT and 10 

cmH2O PEEP. FIO2 was 0.21 (0.70 with Osiris3), respiratory rate 20 breaths/min and 

inspiratory time 0.8 s. 

A one-minute stabilization period was allowed and flow and Paw signals were recorded 

during a two-minute period. The last 20 cycles of each recording were used for the analysis 

performed through Matlab (Matlab R2019b, The Mathworks Inc.).  

VT was measured during insufflation between zero flows and expressed as BTPS in volume-

control. Error was defined as ((set - measured)/set) x 100) for both VT and PEEP. A positive 

error indicates under-delivery while a negative error indicates over-delivery .  

Normal distribution was assessed by the Shapiro test. Values were expressed as median (first-

to-third quartiles) and compared between ventilators by the Kruskal-Wallis test with pairwise 

differences against the SV600 ventilator, taken as the reference, tested by the Dunnett test. 

Error was also assessed within the ±10% boundaries for accuracy. P<0.05 was deemed as the 

statistical significance threshold. The statistical analysis was performed with R 4.0. 

Errors did not follow a normal distribution. The complete results are shown in table 1. In 

volume-control, VT error was within the 10% accuracy in all instances except for Osiris 3, 

which systematically over delivered VT.  Over all the 63 conditions, over (46%) and under 

(54%) delivered VT occurrences were balanced. Better performance than control was 

observed at PEEP5-VT400, PEEP10-VT400 and PEEP15-VT500 for T75, PEEP10-VT400 and 

500 and at PEEP15-allVTs for SV300, PEEP10-VT500 and PEEP15-VT300 and 400 for T60, 
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EOV at PEEP15-allVTs and e-Spiro PEEP10-VT400. PEEP was delivered in excess by all the 

ventilators in each condition. When T60, T75, SV300 and SV600 were within the 10% 

accuracy at any PEEP, e-Spiro and Osiris3 improved performance at PEEP 10 and 15 while 

EOV150 was above the 10% accuracy at each PEEP.   

In pressure control Makair has the best accuracy to deliver a VT of 400 ml, followed by 

SV300 and E30, EOV150, SV600, T60 and T75. As for the volume control, PEEP was 

systematically over delivered by the ventilator. Makair had the best accuracy delivering a 

PEEP of 9.9 cmH2O for a 10 cmH2O PEEP set.  

We found that Osiris3 performed worse than any other ventilator. In a previous bench study 

(6), this ventilator over-delivered VT at at FIO2 70%, like in the present study, but matched the 

target VT at 100%FIO2, suggesting that the Venturi system was not optimal. Another bench 

study found that the Osiris3 tended to under-deliver VT, especially in case of airway 

obstruction (7). Taken together, the difference in VT delivery accuracy with the Osiris3 across 

the bench studies may reflect some heterogeneity in Osiris3 machines.  

With e-Spiro new ventilator, the between-breaths VT variability was higher than the control, 

but systematically felt within the 10% accuracy limit. The fact that Makair was significantly 

different from SV600 is a positive information because Makair does not under-deliver VT and 

is closer to 0. Makair was also very good in delivering PEEP. 

In conclusion, the two new low cost ventilators accurately delivered VT in present bench 

conditions and performed as good as the ICU ventilator to deliver VT. This finding is very 

encouraging, not only for the current COVID-19, but also for future pandemics and for 

low-income countries (3).  
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