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RESUMÉ 
 

Introduction : La ventilation mécanique invasive est une pratique courante en médecine 

d’urgence. Un volume courant (Vt) compris entre 6 et 8ml/kg de poids prédit pour la taille est 

recommandé dans la littérature afin de ne pas entrainer de lésions induites par la ventilation. 

L’utilisation d’un volume protecteur nécessite une augmentation de la fréquence respiratoire 

(FR) afin de maintenir une ventilation minute suffisante. L’objectif de cette étude est 

d’analyser les réglages des patients sous ventilation invasive au CHU de Grenoble-Alpes 

(CHUGA) et de déterminer le pourcentage de patients ventilés selon un Vt protecteur et une 

FR adaptée.  

Méthode : Cette étude monocentrique prospective a été menée dans le Service des Urgences 

et le Service d’Aide Médicale Urgente (SAMU) du CHUGA de Mai 2021 à Mai 2022. Elle a 

recueilli les paramètres ventilatoires et les gaz du sang des patients âgés de plus de 18 ans, 

placés sous ventilation invasive, par un médecin travaillant aux urgences ou au SAMU du 

CHUGA.  Le critère de jugement principal est déterminé en comparant le Vt et la FR réglés 

aux valeurs théoriques calculées avec l’aide de l’application VENTILO.  

Résultats : Au total, 93 patients ont été inclus. Un Vt entre 6 et 8 ml/kg de PIT est utilisé 

pour 79,6 % de la population. La FR est adaptée à un Vt protecteur chez 21,5% des patients. 

Le Vt médian est à 6,45 ml/kg de PIT (6,06-7,12) et la FR médiane est à 16 (15-20). Il n’y a 

pas de facteur significativement associé à une ventilation protectrice.  

Conclusion : Cette étude montre que l’utilisation du volume courant protecteur est intégré 

dans les pratiques, basée sur une attitude standard et non sur le poids idéal théorique. 

L’adaptation de la fréquence respiratoire au Vt est insuffisamment réalisée. Afin d’obtenir une 

ventilation personnalisée en fonction du poids idéal théorique et de la situation clinique, des 

applications dédiées existent et leur diffusion plus large pourrait permettre une meilleure prise 

en charge des patients à la phase initiale de la ventilation. 

 

Mots clés : Ventilation mécanique / Ventilation protectrice / Urgence 

Filière : Urgences / Préhospitalier 
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ABSTRACT 
 

Introduction: Invasive mechanical ventilation is a common practice in emergency medicine. 

A tidal volume (Vt) of 6 to 8 ml/kg predicted body weight (PBW) is recommended in the 

literature to avoid ventilation-induced injury. The use of a protective volume requires an 

increase of the respiratory rate (RR) to maintain a sufficient minute ventilation. The objective 

of this study is to analyse the settings of patients undergoing invasive ventilation at the 

University Hospital of Grenoble-Alpes (CHUGA) and to determine the percentage of patients 

ventilated with a protective Vt and an adapted respiratory rate.  

Method: This prospective monocentric study was conducted in the Emergency Department 

(ED) and in the prehospital medical system (called SAMU in France) at CHUGA from May 

2021 to May 2022. It collected ventilatory parameters and blood gases of patients aged over 

18 years, placed under invasive ventilation, by a doctor working in Grenoble ED or SAMU.  

The primary endpoint was determined by comparing the set VT and RR with the theoretical 

values calculated with the application « VENTILO ».  

Results: A total of 93 patients were included. A Vt between 6 and 8 ml/kg PBW was used for 

79.6% of the population. Respiratory rate was adapted to a protective Vt for 21.5% of 

patients. The median Vt was 6.45 ml/kg PWB (6.06-7.12) and the median RR was 16 (15-20). 

There were no factors significantly associated with protective ventilation.  

Conclusion: This study shows that the use of protective tidal volume is integrated into 

practice, based on a standard attitude and not on the predicted body weight. The adaptation of 

respiratory rate to the Vt is not carried out sufficiently. In order to have a personalised 

ventilation according to predicted body weight and clinical situation, applications exist and 

their diffusion can lead to a better patient care at the initiation of ventilation. 

 

Keywords: Mechanical ventilation/ Protective ventilation/ Emergency 

Sector: Emergency department / Prehospital 
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I. INTRODUCTION 

Invasive mechanical ventilation is initiated after an orotracheal intubation to support 

respiratory function and to protect the upper airway. In emergency medicine, it often occurs in 

different environmental conditions from an operating room (1) with a higher risk of failure 

and complications (2, 3). Despite these particularities, the few recommendations for 

mechanical ventilation in emergency medicine (4,5) are the same as in ICU, and physicians 

must apply them and adapt to the specific constraints of their practice. 

Several studies have been conducted in the last century to understand and prevent 

ARDS. It enabled to identify the main settings for ventilation (6, 7) and tidal volume (Vt) is one 

of the most important. A high Vt can be responsible for the development of Ventilator-

Induced-Lung-Injury (VILI) (8,9) at the onset of ventilation (10,11). Reducing Vt from 12 to 

6 ml/kg of Predicted Body Weight (PBW) has been shown to reduce mortality in the 

management of ARDS (12). 

The majority of patients admitted to the ICU have no pulmonary injury or ARDS, but 

are at risk of developing them, especially as the mechanisms of injury appear within hours 

(13,14) and the diagnosis of ARDS is underestimated and difficult (15,16). Early application of 

Vt between 6 and 8 ml/kg of PBW to this population (17), is associated with a decrease in 

lung injury and infection (18, 19), incidence of ARDS, duration of ventilation, ICU length of 

stay (20), and mortality in ICU (21). Protective ventilation with reduced Vt is increasingly 

used for all intensive care patients (22). It involves setting a higher respiratory rate (RR) than 

the physiological one to ensure sufficient minute ventilation and to avoid alveolar 

hypoventilation. A review of the literature demonstrated that the RR has been progressively 

increased and is currently set between 20 and 30 per minute, the minute ventilation of 

intensive care patients approaching 150 ml/kgPBW/min (23). To obtain the optimal values of 

Vt and RR, applications can be used such as the application called “VENTILO”.  

The LOV-ED study (24) is a study performed on a population of patients ventilated in 

the emergency department. It showed an absolute reduction of 7% in the risk of ARDS and 

suggested a reduction in mortality, length of stay in hospital and days under invasive 

ventilation after the application of a protocol using a Vt between 6 and 8 ml/kg of PBW and a 

RR of 20 to 30. Protective ventilation is feasible in the ED and has a preventive role, its 

initiation by emergency physicians also influences its adherence and continuation in the 

following management of patients (25). 
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Besides LOV-ED study, there are not many studies describing the setting of a RR 

adapted to a protected Vt in the ED and in pre-hospital. The objective of this study is to 

describe the practices of emergency physicians at the Grenoble University Hospital (CHUGA) 

after the initiation of an invasive ventilation. We wanted to determine the percentage of 

patients ventilated according to a protective ventilation, with a Vt between 6 and 8 ml/Kg of 

PBW and an adapted RR allowing a minute ventilation close to 150 ml/Kg. The theoretical 

values are calculated using the VENTILO application. 

 

 

II. MATERIAL AND METHOD 
 

1. Study setting and participants 

 

This is an observational, monocentric and prospective study carried out in the 

emergency services of the Grenoble University Hospital (CHUGA) in France from 

13/05/2021 to 12/05/2022. Emergency medicine in France is divided into two parts: the 

Emergency Department (ED) located in the hospital and the prehospital medical system called 

SAMU in French.  

The population corresponds to patients aged over 18 years old, placed under invasive 

mechanical ventilation and intubated by an emergency physician working in the ED or in the 

SAMU of Grenoble and transferred to a service of the CHUGA. 

Patients excluded are adults under legal protection (art. L1121-5 to L1121-8 of the 

French Public Health Code), patients who died before being admitted to the hospital, patients 

placed under invasive ventilation by a doctor working elsewhere than the ED or SAMU of 

Grenoble, and patients transferred to a service outside the CHUGA. 

 

2. Data collection and analysis 

 

Information was collected from a data collection sheet (see appendix) filled in by the 

emergency doctor who intubated and initiated mechanical ventilation. Then data were 

compared with those proposed by the VENTILO application. Data concerning the stay in the 

intensive care unit were collected on the patient's computer file. 
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3. Endpoints  

 

a) Primary endpoint 

 

The primary endpoint was the percentage of patients ventilated with a protective tidal 

volume (between 6 and 8 ml/kg of PBW) and an adapted respiratory rate allowing a minute 

ventilation close to 150 ml/Kg. The Vt and RR set by the emergency physician were 

considered protective if they were within the range determined by the VENTILO application. 

 

 

b) Secondary endpoints 

 

Ventilatory settings (mode of ventilation, Vt, RR, PEEP and FiO2) and monitoring 

parameters (saturation, EtCO2 and peak pressure) between the beginning and the end of the 

physician's care were compared to evaluate the adaptation of the ventilation parameters. pH, 

PaO2 and PaCO2 on the first blood gases were collected to assess the effect of mechanical 

ventilation initiated by the physician. 

Temperature, different indications of intubation and experience of the physicians were 

analysed in order to observe a modification of the ventilatory parameters according to the 

pathology and the medical training. 

Weight and height estimated by doctors compared to those measured in the services of 

the CHUGA, number of deaths, duration of ventilation and length of stay in the ICU were 

also collected.  

 

 

4. VENTILO application 
 

 

The VENTILO application is a free mobile application developed by Dr Lellouche and 

his team at the University Institute of Cardiology and Pneumology of Quebec, Laval University. 

It is presented as an aid to the initiation of ventilatory settings but should not replace the 

clinical judgment of the physician. Its development is supported by an important scientific 

literature, referenced and accessible in the application. The data requested by the application 

are gender, height in cm, weight (in order to calculate BMI), temperature and type of patient  

(scheduled or emergency surgery, intensive care patient). 
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According to the review of the literature made by Dr Lellouche and his team (21), a 

patient undergoing scheduled surgery would require a minute ventilation (Vt x RR / PBW) 

about 100 ml/kgPBW/min whereas an intensive care patient would require a minute volume 

about 150 ml/kgPBW /min. 

Some patients have an increased basal metabolic rate, such as patients with high BMI 

or fever. They require adaptation of the RR with a higher minute volume (26). The situation is 

reversed for hypothermic patients with a decreased basal metabolic rate (27). 

All these parameters are taken into account in the application which will calculate a 

volume in ml and a RR adapted to the Vt according to the PBW. The Vt will be considered as 

protective within the range of 6 to 8 ml/kg of PBW. There is also a "ventilation optimisation" 

tab where we can find which parameters can be modified in ARDS to reduce dead space 

during protective ventilation. Illustrations of the application are available in the Appendices. 

 

5. Number of subjects required 

 

The Mechanical Ventilation and ARDS in ED study (28) from 2015, analysing 

ventilation parameters of 219 patients, found a protective ventilation rate of 55%. The 

LOVED study published in 2017 (24), including 1192 patients, shows 47% of patients 

ventilated protectively before the implementation of a protocol to assist ventilatory 

adjustments. 

With the generalisation of protective ventilation to all intensive care patients, we 

suppose that this practice is increasingly performed in emergency medicine. We assume a 

protective ventilation rate of 60%. To obtain a confidence interval of the rate, deviating from 

0.1, the number of subjects to be included is 93. 

 

6. Statistics 

 

Qualitative variables will be expressed as numbers and percentages (for descriptive 

analyses, rate of patients with protective ventilation, primary endpoint), compared by 

Pearson's chi 2 test or Fisher's exact test if appropriate. Numerical variables will be expressed as 

median and interquartile range (IQR), and compared using a Mann-Whitney test. The 

agreement of the measured and estimated morphological parameters (height, weight, BMI, 

PBW) will be assessed by a Bland and Altman representation with calculation of the mean 
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difference and the limits of agreement. A multivariate logistic regression analysis will be 

performed with the possible predictor variables of non-protective ventilation in univariate 

analysis (with p ≤0.1) in order to determine the adjusted Odds Ratio of non-protective 

ventilation. Missing data will not be replaced.  All tests will be two-tailed with an alpha risk of 

0.05. Analyses will be performed using SPSS 22 software (IBM Corp., Armonk, NY, USA). 

 

 

III. RESULTS 
 

 

A hundred and one data collection sheets were collected during the study and 93 

patients were included. There were 8 patients excluded, one patient was ventilated only with 

the BVM, one patient was intubated by an anaesthetist, two patients died before their arrival at 

the CHUGA, one patient was under legal protection and three patients were not included due 

to lack of information. 

The characteristics of the population are described in Table 1. The majority of patients 

were male (64.4%) and 80.6% of patients were included in pre-hospital. The primary cause of 

intubation was neurological (68.8% of patients). This category includes head trauma, 

intracerebral haemorrhage, voluntary drug intoxication and acute alcohol poisoning. No 

patients had Covid 19. 

There is a mortality rate of 41.9%, most deaths were related to intracerebral 

haemorrhage (19 patients) and cardiac arrest (13 patients). 

Concerning the experience of doctors, it was divided into 4 categories: junior doctors 

(representing residents in last year in France), doctors with less than 5 years, between 5 and 10 

years and more than 10 years of experience. 
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Table 1. Characteristics of the population (n=93) 

Place of inclusion, n (%):  

- Pre-hospital 75 (80,6) 

- ED 18 (19,4) 

Male, n (%) 60 (64,5) 

Age (years) 56 (31-70) with min-max [18-88] 

Estimated weight (kg) 75 (70-80) with min-max [50-120] 

Estimated height (cm) 170 (165-176) with min-max [160-190] 

BMI 24.8 (22.8-27.8) with min-max [17.3-46.9] 

Temperature (°C) 36.3 (35.8-37) with min-max [25-38.5] 

Covid, n (%) 0 (0) 

Chronic respiratory disease, n (%) 7 (7,5) 

Indication of intubation, n (%):  

- Neurological failure 64 (68,8) 

- Cardiac arrest 25 (26,9) 

- Respiratory failure 3 (3,2) 

- Sedation for analgesic purposes 1 (1,1) 

- Other 0 (0) 

Hospitalisation service, n (%):  

- Medical ICU   34 (36,6) 

- Neurosurgical ICU   21 (22,6) 

- Cardiopulmonary and chest ICU   19 (20,4) 

- Surgical ICU   14 (15,0) 

- Other 5 (5,4) 

Data in ICU:  

- Mortality at first month, n (%) 39 (41,9) 

- ICU length of stay (days) 3 (1-6) with min-max [0-59]. 

- Days under ventilation  1 (1-3) with min-max [0-59]. 

Experience of emergency physicians, n (%):  

- Junior doctor 27 (29,0) 

- < 5 years 19 (20,4) 

- Between 5 and 10 years 15 (16,1) 

- > 10 years 32 (34,4) 

Data are presented as median and interquartile range, unless stated otherwise 
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The observed ventilation data are presented in Table 2. All patients were ventilated 

with assist control ventilation (ACV), the median volume was 420 ml and the median RR was 

16. 

The median Vt was 6.45 ml/kg of PBW with 79.6% of patients having a Vt between 6 

and 8 ml/kg of PBW according to the emergency physicians' estimates. According to ICU 

data (weight and height on arrival at the CHUGA could only be collected for 88 patients), 

69.3% of patients were ventilated with a Vt considered protective. 

Concerning the RR adapted to the Vt, 21.5% of patients were within the range of the 

Ventilo application according to the emergency doctor's estimates and 15.9% according to the 

ICU data. Among the 20 patients with an adapted RR to the Vt (according to emergency 

physicians’ data), 7 are no longer considered to be ventilated as protective according to the 

weight and height measured in the ICU: 4 patients have a Vt lower than 6 ml/kg, 2 have a 

respiratory rate too high and 1 have a Vt over 8 ml/kg. One patient was initially considered 

non-protective with a too low Vt but becomes protected with ICU data. 

 

 

Table 2: Ventilatory parameters set by the emergency physician 

ACV mode 100% 

Final volume (ml) 420 (400-450) 

RR (/min) 16 (15-20) 

 According to weight and 

height estimated by 

emergency doctor (n=93) 

According to weight and 

height measured in the 

ICU (n=88) 

Minute ventilation (ml/kg/min)                 110 (97,8-133) 108 (93,4-132,2) 

Vt (ml/kg PBW)                6,45 (6,06-7,12) 6,58 (5,9-7,24) 

- < 6 ml/kg PBW, n (%) 14 (15) 22 (25) 

- 6-8 ml/kg of PBW, n (%) 74 (79.6) 61 (69,3) 

- > 8 ml/kg of PBW, n (%) 5 (5,4) 5 (5,7) 

Patients within VENTILO range,  

n (%) 
20 (21,5) 14 (15,9) 

Data are presented as median and interquartile range, unless stated otherwise 
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The Bland and Altman method analyses the agreement between weights and heights 

determined by emergency doctors and those measured in the ICU. Weight has a tendency to be 

overestimated by 2 kg with agreement limits of +17.1 kg to -13.3 kg (Figure 1). Height 

estimate varied from +13.6 cm to -15 cm but we cannot say that it is underestimated by 

emergency physicians because of the repartition of the values on the graph (Figure 2). 

 

Figure 1: Concordance between weight assessed in the ED and weight  

   measured in the ICU according to Bland-Altman representation 

 
 

Figure 2: Concordance between height assessed in ED and height measured in  

     the ICU according to Bland-Altman representation 
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Univariate analysis (table 3) shows that the RR and minute volume are significantly 

higher in the protective group compared to the non-protective one (median RR of 22/min and 

median minute volume of 144.7ml/kg/min versus 15/min and 103.8ml/kg/min). Patients in the 

non-protective group had a median saturation of 98% and a median PaO2 of 126.7 mmHg (vs 

95% and 99 mmHg in the other) but there was no significant difference between the two groups 

regarding oxygenation. Blood gases, EtCO2 values, mortality, hospital length of stay and 

ventilation did not differ significantly between the two groups. In univariate analysis, the 

factors that may influence ventilatory settings were physician’s experience, PBW and 

temperature. In multivariate analysis (Appendix 1), these factors were not significantly 

associated with non-protective ventilation. 

 

 

Table 3: Comparison of variables between patients considered as protectors (for Vt and 

RR) and those not considered as protectors according to VENTILO (univariate analysis) 

 Protective ventilation 

n = 20 (21,5%) 

Non-protective ventilation 

n = 73 (78.5%) 

P value 

Place of inclusion, n (%):   0,75 

- Pre hospital 17 (85) 58 (79)  

- ED   3 (15)   15 (20,5)  

Gender, n (%):   0,19 

Male 10 (50) 50 (68,5)  

Age (years) 58 (47,8-73,8) 55 (30,5-67) 0,27 

Estimated weight (kg) 72,5 (66,3-86) 75 (70-80) 0,90 

Estimated height (cm) 170 (160-172) 170 (165-180) 0,12 

Estimated BMI 25,0 (23,4-29,8) 24,8 (22,4-27,7) 0,47 

Estimated PBW (kg) 62 (52-67,8) 66 (57-75) 0,08 

Temperature (°C) 36,8 (36-37,3) 36,1 (35,7-36,9) 0,13 

T° < 36 °C, n (%) 3 (15) 18 (24,7) 0,54 

T° ≥ 38°C, n (%) 2 (10) 0 (0) 0,04 

Chronic respiratory disease, n (%) 0 (0) 7 (9,6) 0,3 

Indication of intubation, n (%):   0,84 

- Neurological failure 14 (70) 50 (68,5) 1 

- Cardiac arrest 5 (25) 20 (27,4) 1 

- Respiratory failure 1 (5) 2 (2,7) 0,5 

- Sedation for analgesic purposes 0 1 (1,4) 1 
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Experience of emergency physicians, 

n (%):   

0,11 

 

- Junior doctor 10 (50) 17 (23,3) 0,03 

- < 5 years 4 (20) 15 (20,5) 1 

- Between 5 and 10 years 1 (5) 14 (19,2) 0,18 

- > 10 years 5 (25) 27 (37) 0,43 

Final ventilation settings and 

monitoring parameters: 

- Volume (ml) 

- Volume in ml /kg/min 

- Vt (ml/kg PIT) 

- FR (nb of cycles/min) 

- PEEP 

- FiO2 (%) 

-      Sp02 (%) 

 

 

415 (400-450) 

144,7 (133,7-157) 

6,7 (6,2-7,7) 

22 (20-24) 

5 (5-5) 

65 (40-95) 

95 (94-98) 

 

 

420 (400-450) 

103,8 (92,9-115,8) 

6,4 (6-7,0) 

15 (14-18) 

5 (4-5) 

60 (45-80) 

98 (96-99) 

 

 

0,58 

<0,01 

0,16 

<0,01 

0,05 

0,18 

0,81 

Initial EtCO2 

Final ETCO2 

43 (35-60) 

39,5 (32-43,8) 

40 (35-48) 

36 (33-40) 

0,23 

0,26 

Blood gases: 

- pH 

- PaO2 (mmHg) 

- PaCO2 (mmHg) 

 
7,36 (7,24-7,41) 

99 (81,8-207) 

42 (33,4-52,9) 

 
7,35 (7,29-7,41) 

126,7 (85,9-196,7) 

41 (37,7-47,7) 

 
0,68 

0,62 

0,94 

Data in ICU: 

- Death at first month, n (%) 

- ICU length of stay (days) 

- Days under ventilation  

 
8 (40) 

3 (2-5,8) 

1,5 (1-3) 

 
31 (42,5) 

3 (1-5,8) 

1,5 (1-3) 

 
1 

0,63 

0,98 

   Data are presented as median and interquartile range, unless stated otherwise 
 
 

Appendix 2 shows the characteristics of patients for each indication of intubation. The 

population is younger in the neurological failure category (55 years versus 64 years in the 

cardiac arrest category and 77 years in the respiratory failure category). The inclusion of 

patients in cardiac arrest is mostly pre-hospital (96%). Mortality was higher in cardiac arrest 

(68%) and respiratory failure (66.7%) categories. 

Figure 3 and Appendix 3 show the adaptation of ventilatory parameters by emergency 

doctors. Volume was modified for 27 patients (29%) with a decrease in 70% of cases. A 

change in RR occurred for 55 patients (59.1%) with an increase for 62% of them, about an 

average of 4 cycles per minute. Fio2 was titrated for 52.7% of patients (n = 49) with a 

decrease in 83.7% of cases. 
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For other ventilatory parameters, the median PEEP was 5 in all categories. PEEP was 

less than 5 for 31 patients at the first settings and for 23 patients at the final settings. 12 

patients had a PEEP of 0 (7 in the category "neurological failure", 4 in "cardiac arrest", 1 in 

"respiratory failure"). 

Peak pressure cannot be analysed due to the low number of data collected (30 out of 93). 
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Blood gases analysis are represented in Tables 3 to 4 and Appendix 4. PaO2 was 

above 100 mmHg for 52 patients (60%), including 20 patients with PaO2 above 200 mmHg 

(21.5%). 

In the protective population (with an RR adapted to Vt), the median PaO2 was 99 

mmHg and FiO2 was decreased for 50% of the patients. In the non-protective group, the 

median PaO2 was 126 mmHg and 41% of the patients had a reduction of the Fio2.  
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Neurological 

failure 
 

 

 

Figure 3: Comparison of Vt, RR and FiO2 at initiation of ventilation and at the end 

of emergency physician's care 
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In the cardiac arrest group, the median PaO2 was higher than in the rest of the 

subgroups (161.35 mmHg). A PaO2 greater than 100 mmHg was found for 80% of patients in 

this population and 36% had a PaO2 above 200 mmHg. An FiO2 of 100% was used for 40% 

of the patients on arrival at hospital in this group. 

For the rest of the blood gases parameters, pH was lower and PaCO2 was higher in the 

cardiac arrest and respiratory failure categories. 

 

Table 4: Initial blood gases in the ICU 

 
Total population 

(n = 93) 

Neurological  

failure  

(n = 64) 

Cardiac arrest 

 (n = 25) 

Respiratory failure 

(n = 3) 

Sedation for 

analgesic purposes 

(n=1) 

pH 7,35 (7,26-7,41) 7,38 (7,31- 7,43) 7,26 (7,07-7,34) 7,22 (7,14-7,23)       7,34 

PaO2 (mmHg) 124,85 (84,88- 109,6 (82,85- 161,35 (113,9- 69 (59,6 - 123)      148,6 

 196,83)  191,63)  223,65)    

PaCO2 (mmHg) 41 (36,15 - 48,2) 39,8 (34,15-43) 47,8 (40,6-56,45) 53,2 (46,7- 82,2)       41 

Data are presented as median and interquartile range, unless stated otherwise 

 

 

Appendix 4 shows the characteristics of patients according to their Vt. The 14 patients 

in the group Vt under 6 ml/kg PBW are younger (median age 45 years), taller and lighter, were 

intubated in 50% of cases for cardiac arrest and by doctors having an experience of less than 5 

years or between 5 and 10 years.  
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IV. DISCUSSION 

 

The importance of tidal volume and the risks of an elevated Vt seem to be 

progressively integrated into daily practice of physicians (29). The study on the ventilation of 

patients admitted to the ED for septic shock in 2013 (30) showed a median Vt of 8.8 ml/kg of 

PBW, with 27% of patients ventilated with a Vt between 6 and 8 ml/kg of PBW. In 2015, a 

new study in the ED (31) found 55% of patients ventilated with a protective Vt, with a median 

Vt of 7.6 ml/kg of PBW. A study published in 2019 (32) evaluated the evolution of practices 

in an emergency department: before 2014, the median Vt was 9 ml/kg of PBW and after the 

establishment of a protocol, Vt decreased to 7.2 ml/kg of PBW and the number of patients 

ventilated with a protective Vt was significantly higher (from 23% to 72%). In our study, 

79.6% of patients were ventilated with a Vt between 6 and 8 ml/kg of PBW and the median 

Vt was 6.45 ml/kg of PBW. It can be explained by the training of emergency physicians to a 

protective Vt during their internship in ICU, the establishment of recommendations by the 

French learned societies (33) and at the local level, by protocols for the management of 

cardiac arrest recommending a Vt of 6 ml/kg of PBW. The errors in Vt setting can be 

explained by a lack of precision in the estimation of height and the calculation of a Vt based 

on estimated weight and not on PBW. Visual estimate was used for all patients included in 

this study. It is a source of important error, especially for small persons (34). The Bland and 

Altman representation (Figure 1 and 2) shows a tendency to overestimate weight and a large 

variability in height estimation (from +13.6 cm to -15 cm). Half of the population has a 

volume set between 400 and 450 ml (Table 2), which is more indicative of a standard volume 

setting, that can be applied to a large number of patients, rather than a personalised volume 

determined according to the predicted body weight. In our study 14 patients were ventilated 

with volumes under 6 ml/kg of PBW and 5 patients with Vt over 8 ml/kg of PBW (Appendix 

4). It seems that doctors try to be closer to the lower limit of a protective Vt, which may lead 

to an underestimation of the volume needed if there is an error in the height determination. 

Indeed, patients with a Vt under 6 ml/kg of PBW are taller than the population ventilated with 

a protective Vt. Recent studies have investigated the decrease in volume between 4 and 6 

ml/kg of PBW in populations without ARDS, such as the PReVENT study which found no 

difference in the duration of invasive ventilation, mortality or the number of lung infections 

(35). The use of such a volume is often associated with hypercapnic acidosis, despite the 

increase in RR to 40 (36), and preferably in ICU on patient having ARDS in combination with 

ECMO to remove CO2 and improve oxygenation (37). This practice is not applicable to the 

population in the emergency. 
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Protective ventilation means a reduced tidal volume compared to physiological 

ventilation with an increased RR to limit hypercapnic acidosis which appears to be associated 

with higher mortality in intubated and ventilated patients (38,39). In the ICU, each adaptation 

of the RR is guided by the PaCO2 which should be set between 35 and 45 mmHg (40). In this 

study, the percentage of patients ventilated with a protective Vt and an adapted RR (according 

to VENTILO application) is 21.5% (20 patients). The respiratory rate is too low for 86% of the 

patients in the non-protective group (63 out of 73 patients, Table 3). Physicians often choose 

standard settings with a RR about 15 or 16 cycles per minute, close to the physiological RR, 

without personalisation or adaptation to the use of a reduced Vt. In Table 3, we initially 

though that young doctors had a tendency to be better trained in protective ventilation but 

there was no significant difference in multivariate analysis (Appendix 1). One of the biases is 

that emergency doctors are often escorted by a resident, it could explain a double focus on 

ventilator settings favoring a protective Vt and RR. 

 

EtCO2 is the only monitoring parameter in pre-hospital to estimate PaCO2. The final 

EtCo2 in the protective group was 39.5 mmHg and 36 mmHg in the non-protective group but 

there was no significant difference on PaCO2 (respectively 42 mmHg and 41 mmHg, Table 

3). We expected a higher PaO2 in the second group as the RR was lower for most patients. 

These results may be explained by the small number of patients included in the study and by 

the fact that we recorded the first blood gases in the medical file without knowing the time 

between their analysis and the patient’s entry into the ICU and whether the settings of the 

ventilator were changed. We can notice a gradient between the final EtCO2 and PaCO2 in 

each group with PaCO2 on average 5 mmHg higher than EtCO2, with an important variability 

between -16 and + 46 mmHg (Tables 3 and 4, Appendix 4). Some studies have shown that 

there is a good correlation between EtCO2 and PaCO2 (41, 42). The gradient is evaluated 

between 2 and 5 mmHg in healthy people intubated for a surgery (43), but it can be around 20 

mmHg (44) in respiratory failure, explained by the dead space effect and ventilation/perfusion 

disorders. EtCO2 in invasive ventilation is often described to underestimate PaCO2 (45), other 

studies in pre-hospital ventilated patients showed that the EtCO2-PaCO2 gradient can vary 

widely (46). The estimation of PaCO2 by EtCO2 in the practice of emergency medicine has 

limitations and the frequent lower values of EtCO2 in comparison to PaCO2 could induce an 

inappropriate decrease in RR by the emergency physician. 
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Other ventilatory parameters were analysed. We used the LOV-ED protocol (24) to 

determine the secondary endpoints of PEEP and oxygen saturation. PEEP under 5 was used in 

33% of the population and 12 patients had a PEEP equal to 0 while animal models have 

demonstrated the risks for the lung parenchyma of zero PEEP (14). The majority of patients 

with a PEEP of 0 were included on neurological criteria (7 patients out of 12) with suspected 

intracranial bleeding. This practice is probably based on the idea that a positive PEEP might 

change intracranial pressure in patients with cerebral disorders because of the reduced venous 

return and the increased intrathoracic pressure. Zero PEEP is gradually disappearing from 

practice (29) and recent recommendations for brain damaged patients suggest to apply a 

similar PEEP to the one used in patients without brain damages (40). A PEEP of 5 limits 

atelectasis, promote better oxygenation and reduce infectious pulmonary complications of 

ventilation (47,48). It should be raised in the case of obesity because of the intra-abdominal 

pressure which reduces pulmonary compliance and increases the risk of atelectasis (49). 

 

Oxygen titration is also important in ventilation. A saturation of 90-95% is currently 

recommended for the majority of patients (50) as well as a PaO2 target of 70 to 100 mmHg 

since too much oxygen increases mortality in the ICU (51, 52). However, at initial 

management in our study, 48% of patients had a FiO2 of 100% (45 patients). FiO2 titration 

was performed for 49 patients (52.7%) with a decrease in 83.7% of cases (Figure 3). Majority 

of patients were hyperoxygenated on the blood gases since the median PaO2 is 124.85 mmHg 

(IQR 84.88-196.83). This highlights that the deleterious effects of hyperoxia (53, 54) are 

probably unknown. The median saturation and median PaO2 are closer to the targets in the 

protective group than in the non-protective group (95% and 99 mmHg compared to 98% and 

126.7 mmHg) but there is no significant difference. In the cardiac arrest group, the PaO2 is 

greater than 100 mmHg for 80% of patients (with a maximum of 560 mmHg) while cerebral 

and cardiac deleterious effects are described (55). A recent study investigating the provision of 

oxygen in cardiac arrest, showed no significant difference in mortality between a PaO2 target of 

68 to 75 mmHg versus a higher PaO2 of 98 to 105 mmHg (56). According to the EXACT 

study (57), there was no better survival at discharge from the hospital between patients having 

a cardiac arrest in pre-hospital oxygenated with targets of saturation about 90-94% or 98-

100%. However, there was a greater risk of desaturation below 90% and of a new hypoxic 

cardiac arrest in the first group. Oxygen targets in mechanical ventilation are more and more 

questioned (58) and further studies seem necessary to define saturation targets in order not to 

be harmful for patients.  
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Patients in the non-protective ventilation category are more hypothermic (Table 3) and 

5 patients were not considered to be protective because of a too high RR. In the case of 

hypothermia, the basic metabolism is reduced, the production of CO2 decreases, a respiratory 

alkalosis appears (27, 59) and a reduction in RR is appropriate to maintain the acid-base 

balance. The situation is reversed in hyperthermia with an increased basal metabolism. These 

notions seem to be unknown by emergency physicians, applications such VENTILO can help 

with ventilator settings as it integrates this parameter. 

The results on mortality, duration of ventilation and length of stay in the ICU showed 

no significant difference between the groups protector and non-protector. Mortality was very 

high in the study with 42% of deaths at first month, it was higher in cardiac arrest and 

respiratory failure groups. Most of these patients were included in pre-hospital, reflecting their 

severity. Priorities in pre-hospital are probably not on optimisation of ventilation settings and 

this is an element to be taken into account in this study. 

 

Limitations 

 

The study is monocentric, taking place in a single hospital. There are local 

recommendations on ventilation for cardiac arrest and covid patients that may influence some 

settings. For example, a RR of 15 is recommended for cardiac arrest to avoid hyperventilation 

and a PEEP of 0 during chest compression which is probably not changed after recovery. 

However, we have no reason to believe that our practices are different from other hospitals in 

France. 

The population is small and unrepresentative: there are only 3 patients included on 

respiratory criteria and none of the patients had Covid 19. This can be explained by the 

possibility of using alternative therapies such as non-invasive ventilation in some cases. 

Concerning the biases, this is an observational study and we used a data collection 

sheet to get information, it can be exposed to a bias of declaration, in particular of 

memorisation. To avoid this, it would have been preferable to recover the settings directly 

from the respirators, but they are not equipped with a saving option. The Hawthorne effect 

applies, the teams were aware of the study proceedings and they probably took greater care and 

motivation to the settings. To avoid this, we did not explain which parameters were part of the 

primary endpoint, nor the use of VENTILO. 
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We were also exposed to missing data, particularly for temperature which was not filled 

in for 20% of the patients or for peak pressure which was measured for only a third of the 

population. It would have been more appropriate to measure plateau pressure rather than peak 

pressure but it is complicated with transport ventilators. 

Concerning the data collected at the hospital, weight and height measured on arrival in 

ICU were taken as a reference value and found in the patients’ computer files. It could not be 

collected for 5 patients and for the calculation of the concordance of weight and height, we 

had to impute these missing data with those measured by the emergency physicians. We also 

do not know the accuracy of these values as we do not know how they were measured in the 

hospital. 

Finally, the results of the first blood gases were taken from the patients' computer file 

but we do not know when they were collected exactlyand whether any changes in ventilatory 

settings occurred. In addition, 7 patients were quickly limited in terms of treatment by the 

severity of their clinical condition and blood gases were not analysed for them. 

 

 

V. CONCLUSION 

 

In this study we observed a majority use of protective tidal volume at the initiation of 

emergency mechanical ventilation. It seems to be based on a standard attitude and not on the 

assessment of the predicted body weight. Adaptation of the respiratory rate is insufficiently 

performed. Personalisation of ventilation is necessary for each patient and the use of dedicated 

applications could allow a better management of patients in the initial phase of ventilation.
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APPENDICES 

 

Appendix 1, Table 1: Comparison of variables between patients considered as protectors 

with VENTILO (for Vt and RR) and those not considered as protectors (multivariate 

analysis) 

 Protective 

ventilation  

n = 20 (21.5%) 

Non-protective 

ventilation 

n = 73 (78,5%) 

 
P value 

 
Odds ratio 

Physician's experience, n (%):     

Junior doctor 10 (50) 17 (23,3) Reference Reference 

1 to 5 years 4 (20) 15 (20,5) 0,44 0,58 (0,14-2,35) 

5 to 10 years 1 (5) 14 (19,2) 0,08 0,14 (0,02-1,29) 

> 10 years 5 (25) 27 (37) 0,22 0,43 (0,12-1,63) 

Predicted body weight, n (%):     

< 57 kg 7 (35) 11 (15,1) Reference Reference 

57 to 66 kg 7 (35) 30 (41,1) 0,60 1,45 (0,35-5,81) 

67 to 71 kg 3 (15) 12 (16,4) 0,99 1,02(0,19-5,51) 

> 71 kg 3 (15) 20 (27,4) 0,61 0,65 (0,13-3,28) 

Temperature, n (%):     

36 to 38°C 15 (75) 55 (75,3) Reference Reference 

< 36 °C 3 (15) 18 (24,7) 0,51 0,62 

> 38 °C 2 (10) 0 (0) 0,99 3,2 e+7 

Data are presented as median and interquartile range, unless stated otherwise 

 

 

Appendix 2, Table 2: Comparison of variables between patients according to their indication of 

intubation 

 Neurological 

failure 

(n = 64) 

Cardiac arrest 

(n = 25) 

Respiratory failure 

(n=3) 

Sedation for 

analgesic purposes 

(n=1) 

Place of inclusion, n (%):  

- Pre-hospital  

- ED 

 

49 (76,6) 

15 (23,4) 

 

24 (96) 

1 (4) 

 

1 (33,3) 

2 (66,6) 

 

1 (100) 

0 (0) 

Gender, n (%): 

Male 

 

37 (57,8) 

 

 

  19 (76) 

  

  3 (100) 

 

 

  1 (100) 

Age (years)   55 (29,5-66,75)   64 (44-76)   77 (46-83)   20 

Weight (kg) 

Height (cm) 

BMI 

PBW (kg) 

70 (70-80) 

170 (165-175) 

25,7 (22,7-27,8) 

  66 (57-71) 

75 (70-90) 

170 (168-180) 

24,7 (24,1-27,8) 

  66 (61,5-75) 

65 (60-75) 

170 (165-175) 

23,9 (20,8-24,5) 

  66 (61-71) 

85 

185 

24,8 

  80 
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Temperature (°C) 36,6 (35,75-37) 36 (35,2-36,9) 36 (36-37) 36,7 

T° < 36 °C, n (%) 14 (21,9) 7 (28) 0 (0) 0 (0) 

T° ≥ 38°C, n (%) 1 (1,6) 1 (4) 0 (0) 0 (0) 

Chronic respiratory disease, n (%) 3 (4,7) 2 (8) 2 (66,7) 0 (0) 

Experience of the doctor, n (%): 

- Junior doctor 

- Senior < 5 years 

- Senior between 5 and 10 years 

- Senior > 10 years 

 

20 (31,3) 

13 (20,3) 

10 (15,6) 

21 (32,8) 

 

7 (28) 

4 (16) 

4 (16) 

10 (40) 

 

0 (0) 

2 (66 ,7) 

1 (33,3) 

0 (0) 

 

0 (0) 

0 (0) 

0 (0) 

1 (100) 

Data in ICU: 

- Death at first month, n (%) 

- ICU length of stay (days) 

- Days under ventilation 

 

 

20 (31,3) 

2,5 (2-5) 

1 (1-3) 

 

 

17 (68) 

3,5 (1-7) 

2 (1-6,25) 

 

 

2 (66,7) 

1 (1-16) 

1 (1-5) 

 
 

0 (0) 

3 

1 

Data are presented as median and interquartile range, unless stated otherwise 

 

Appendix 3, Table 3 : Changes in ventilatory parameters by the emergency physician and monitoring 

values 

 

Total population (n = 93) 
Neurological failure  

(n = 64)  
Cardiac arrest (n = 25) 

Respiratory failure   

(n = 3) 

1st settings 
Final 

settings 

1st settings 
Final 

settings 

1st settings 
Final 

settings 

1st settings 
Final 

settings 

Volume (ml) 
430 (400- 

465) 

420 (400- 

450) 

445 (400- 

480) 

425 (400- 

450) 

420 (400- 

450) 

420 (400- 

450) 

390 (370- 

490) 

390 (370- 

490) 

Vt 

(ml/kg/min) 

6,66 (6,06- 

7,29) 

6,45 (6,06- 

7,12) 

6,82 (6,36- 

7,62) 

6,76 (6,24- 

7,27) 

6,27 (6- 

7,25) 

6,15 (5,76- 

6,82) 

6,06 (5,91- 

6,90) 

6,06 (5,91- 

6,90) 

RR 15 (15-18) 16 (15-20) 15 (25-19) 
16,5 (15- 

20) 
15(13-16,5) 15 (14-20) 20 (19-22) 20 (15-22) 

PEEP 5 (4-5) 5 (4-5) 5 (4-5) 5 (5-5) 5 (3,5 - 5) 5 (4-5) 5 (0-5) 5 (0-5) 

FiO2 85 (55-100) 60 (40-80) 80 (50-100) 
50 (40- 

68,75) 
85 (60-100) 80 (50-100) 

100 (100- 

100) 
75 (50-100) 

SPO2 99 (96-100) 97 (95-99) 99 (97-100) 97 (95-99) 
97 (95,5- 

100) 

97,5 (95- 

99) 
90 (75-92) 91 (90-94) 

EtCO2 
40,5 (35- 

50) 

36 (33- 

40,25) 

40 (35- 

47,25) 
37 (33-40) 

42,5 (35- 

57) 
36 (33-45) 37 (27-50) 34 (30-37) 

Peak pressure 
22 (18- 

25,25) 
21 (18-25) 22 (18-25) 21 (18-25) / / / / 

/ : not enough data 

* Peak pressure: only 30 responses out of 93 
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Appendix 4, Table 4: Comparison of variables between patients ventilated with a protective Vt [6-

8 ml/kg PBW] versus a non-protective Vt 

 Vt [6-8 ml/kg PBW] 

N = 74 (79,6%) 

Vt < 6ml/kg PBW 

N = 14 (15%) 

Vt > 8 ml/kg PBW 

N = 5 (5,4%) 

Place of inclusion, n (%):    

- Pre-hospital 61 (82 ,4) 11 (78,6) 3 (60) 

- ED 13 (17,6) 3 (21,4) 2 (40) 

Gender, n (%): 

Male 

 
44 (59,5) 

 
14 (100) 

 
2 (40) 

Age (years) 55,5 (31-67) 45 (26,25-79,5) 69 (58,5-76) 

Weight (kg) 75 (70-81,25) 70 (60-81,25) 70 (65-85) 

Height (cm) 1,7 (1,65-1,75) 1,75 (1,7-1,8) 1,6 (1,6-1,7) 

BMI 25,5 (23,4-27,8) 23,1 (20,7-26,2) 27,3 (25,4-29,5) 

PBW (kg) 66 (57-71) 71 (66-75) 52 (52-66) 

Temperature (°C) 36,2 (35,8-36,9) 36,5 (35,2-37) 37 (34,5-37) 

T° < 36 °C, n (%) 16 (21,6) 4 (28) 1 (20) 

T° ≥ 38°C, n (%) 2 (2,7) 0 (0) 0 (0) 

Chronic respiratory disease, n (%) 5 (6,8) 2 (14,3) 0 (0) 

Indication of intubation, n (%):    

- Neurological failure 53 (71,6) 6 (42,9) 5 (100) 

- Cardiac arrest 18 (24,3) 7 (50) 0 (0) 

- Respiratory failure 2 (2,7) 1 (7,1) 0 (0) 

- Sedation analgesia 1 (1,4) 0 (0) 0 (0) 

Experience of the doctor, n (%):    

- Junior doctor   24 (32,4) 2 (14,2) 1 (20) 

- < 5 years   13 (17,6) 6 (42,9) 0 (0) 

- Between 5 and 10 years   10 (13,5) 4 (28,6) 1 (20) 

- > 10 years   27 (36,5)   2 (14,3)   3 (60) 

Initial EtCO2 41 (35 -48) 43 (31-57,5) 33 (29-37,5) 

Final ETCO2 36 (33-40) 37 (34-56,5) 33 (32-38,5) 

Blood gases:    

- pH 7,35 (7,26 - 7,41) 7,33 (7,19-7,46) 7,37 (7,31-7,45) 

- PaO2 (mmHg) 140,6 (84,6-199,9) 115,6 (93,8-190,9) 98,5 (73,8-110,8) 

- PaCO2 (mmHg) 41 (35,9 - 47,95) 39,8 (33,43-57,03) 42,65 (37,78-51,35) 

Data in ICU:    

- Death at first month, n (%)   28 (37,8)   8 (57,1) 3 (40) 

- ICU length of stay (days)   3 (2- 5,25)   2 (0,75-11,5)   2 (1,13-13) 

- Days under ventilation   1,5 (1-3)   2 (0,6-6,5)   1 (0,55-3) 

Data are presented as median and interquartile range, unless stated otherwise 
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