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Luz. Qu’est-ce qu’on a pu rire toutes les quatre.

A mes copines de la fac, faut se créer des souvenirs OK ?

Annabelle, merci pour ta douceur, ta disponibilité, pour m’avoir accueilli de nombreuses fois

dans ton appart, tes bons petits plats a la colloc, les randos...

Chloé, merci pour ton aide sur tous les plans de ma vie, pour la colloc et les trois mois chez

mes parents, les sorties footings, les concerts avec Roxane.

Roxane, merci pour la persévérance et la passion que tu mets dans tous tes projets, pour tes

multiples talents de musicienne et chanteuse en autodidacte.



A mes collocs de Chambéry, avoir habité un semestre avec vous restera un super souvenir,
merci pour les soirées détentes, les cocktails, les sorties ski de fond et raquettes, le weekend
au chalet. Merci Nolwenn pour I’implication que tu mets dans chaque projet, d’étre aussi
attentive a chacun de nous. Merci Louise d’étre toujours enthousiaste, pour ta positivité a

toute épreuve. Merci Cyrielle pour ta spontanéité, d’avoir été la meilleure résidente de I"'UPU.

Justin, merci pour ta folie, pour m’avoir autant fait rire, pour tes sorties en montagne (pas)

toujours trés sécures ©
Maud, je te remercie de toujours étre partante et motivée pour toutes les activités.
Yohann, merci de toujours avoir un gadget utile sur toi, d’étre le papa de Raoul.

Nathalie, merci d’étre toujours présente pour porter les différents projets, pour ta

persévérance et ton investissement.
Rose, merci a toi aussi pour ta folie, de ne jamais avoir peur de ’imprévu.

Myriam, merci pour ta spontanéité et ta bonne humeur.

A tous mes amis de I’internat, Elodie, Clara, Aristide, Louise, Romain, Guillaume H.,
Guillaume V., Medhi, Adrien, Ikram, Claire, Jeanne, Margaux, Coline, Foucauld,
Jéromine, Louis, Marin, Soléne, Jéremy, Marie, Tessa, Edwige, Clémentine, Berengére,
Nicolas P et Nicolas T, Julien... merci pour ces supers moments passés ensemble, pour notre
premier semestre covidé, pour les sorties en montagnes et pour les belles surprises que vous

m’avez faites.

Merci également a Laura pour avoir toujours été disponible et m’avoir aidé dans toutes les

démarches pour aller a Liege.

Et enfin merci Renaud pour ton soutient quotidien, pour m’avoir supporté malgré mes
humeurs difficiles ces derniéres semaines, pour ta patience, ton écoute, tes conseils et tous les

beaux souvenirs que j’ai avec toi, j’espére que cela va continuer pendant encore longtemps.
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ABREVIATIONS

- ARDS: Acute Respiratory distress Syndrome / SDRA : Syndrome de
Détresse Respiratoire Aigle

- BMI : Body Mass Index / IMC : Indice de Masse Corporelle

- BVM : Bag Valve Mask / BAVU : Ballon Autoremplisseur a Valve
Unidirectionnelle

- CHUGA : Centre Hospitalo-Universitaire Grenoble-Alpes

- ECMO : ExtraCorporeal Membrane Oxygenation

- ED : Emergency Departement / SAU : Service d’Accueil et de traitement
des Urgences

- EtCO2: End Tidal Carbon dioxid, valeur du CO2 en fin d’expiration

- FiO2 : Fraction of Inspired Oxygen / Fraction Inspiratoire d’Oxygeéne

- ICU : Intensive Care Medicine / Soins intensif et Réanimation

- PEEP : Positive End Expiratory Pressure / PEP : Pression Expiratoire
Positive

- PWB : Predicted Weight Body / PIT : Poids Idéal Théorique

- RR: Respirartory Rate / FR : Fréquence Respiratoire

- SAMU : Service d’Aide Médicale d’Urgente

- Sp02 : Saturation of Peripheral Oxygen/ Saturation Pulsée en Oxygéne

- VILI: Ventilator Induced Lung Injury, Lésions pulmonaires induites par le
respirateur

- Vt: Tidal Volume / Volume Courant
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RESUME

Introduction : La ventilation mécanique invasive est une pratique courante en medecine
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 Iésions 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.

Meéthode : 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 a Mai 2022. Elle a
recueilli les parameétres ventilatoires et les gaz du sang des patients agés de plus de 18 ans,
placés sous ventilation invasive, par un médecin travaillant aux urgences ou au SAMU du
CHUGA. Le critere de jugement principal est déterminé en comparant le Vt et la FR réglés

aux valeurs théoriques calculées avec I’aide de 1’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 a un V1 protecteur chez 21,5% des patients.
Le Vt médian est a 6,45 ml/kg de PIT (6,06-7,12) et la FR médiane est a 16 (15-20). Il n’y a

pas de facteur significativement associé a une ventilation protectrice.

Conclusion : Cette étude montre que ’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 a la phase initiale de la ventilation.

Mots clés : Ventilation mécanique / Ventilation protectrice / Urgence

Filiere : 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 mil/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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l. 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 (V1) 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/kgesw/min (23). To obtain the optimal values of
Vtand 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.

1. 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 PaCOz2 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/kgesw/min whereas an intensive care patient would require a minute volume

about 150 ml/kgeaw /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).

1. 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(54)

Data in ICU:

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

- ICU length of stay (days)

- Days under ventilation

3 (1-6) with min-max [0-59].
1 (1-3) with min-max [0-59].

Experience of emergency physicians, n (%):
- Junior doctor

- <5years

- Between 5 and 10 years

- >10years

27 (29,0)
19 (20,4)
15 (16,1)
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 VVt 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)

Vit (mi/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, 20 (21,5) 14 (15,9)

n (%)

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

Protective ventilation Non-protective ventilation | P value
n =20 (21,5%) n =73 (78.5%)
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 (52-67,3) 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,

0,11
n (%):
- Junior doctor 10 (50) 17 (23,3) 0,03
- <5years 4 (20) 15 (20,5) 1
- Between 5 and 10 years 1(5) 14 (19,2) 0,18
- >10years 5 (25) 27 (37) 0,43
Final ventilation settings and
monitoring parameters:
- Volume (ml) 415 (400-450) 420 (400-450) 0,58
- Volume in ml /kg/min 1447 (133,7-157) 103,8 (92,9-115,8) <0,01
- Vit (ml/kg PIT) 6,7 (6,2-7,7) 6,4 (6-7,0) 0,16
- FR (nb of cycles/min) 22 (20-24) 15 (14-18) <0,01
- PEEP 5 (5-5) 5 (4-5) 0,05
- FiO2 (%) 65 (40-95) 60 (45-80) 0,18
- Sp02 (%) 95 (94-98) 98 (96-99) 0,81
Initial EtCO2 43 (35-60) 40 (35-48) 0,23
Final ETCO2 39,5 (32-43,8) 36 (33-40) 0,26
Blood gases:
- pH 7,36 (7,24-7,41) 7,35 (7,29-7,41) 0,68
- PaO2 (mmHg) 99 (81,8-207) 126,7 (85,9-196,7) 0,62
- PaCO2 (mmHg) 42 (33,4-52,9) 41 (37,7-47,7) 0,94
Data in ICU:
- Death at first month, n (%) 8 (40) 31 (42,5) 1
- ICU length of stay (days) 3 (2-5,8) 3(1-5,8) 0,63
- Days under ventilation 1,5 (1-3) 1,5 (1-3) 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).

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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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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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

) Neurological ] ] ] Sedation for
Total population ) Cardiac arrest Respiratory failure )
failure analgesic purposes
(n=93) (n=25) (n=3)
(n = 64) (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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V. 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 mi/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 VVt 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 VVt 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 PaCO?2 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. Inthe 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.

29



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 Non-protective
N \;Z%tl(?ﬁg;)) N ;/e7r;t|(I? :,g;)) P value Odds ratio

Physician's experience, n (%):

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

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

5to 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)

67to 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 3,2e+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 Cardiac arrest Respiratory failure | Sedation for
failure (n=25) (n=3) analgesic purposes
(n=64) (n=1)

Place of inclusion, n (%):

- Pre-hospital 49 (76,6) 24 (96) 1(33,3) 1 (100)

- ED 15 (23,4) 1(4) 2 (66,6) 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) 70 (70-80) 75 (70-90) 65 (60-75) 85

Height (cm) 170 (165-175) 170 (168-180) 170 (165-175) 185

BMI 25,7 (22,7-27,8) 24,7 (24,1-27,8) 23,9 (20,8-24,5) 24,8

PBW (kg) 66 (57-71) 66 (61,5-75) 66 (61-71) 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 20 (31,3) 7 (28) 0(0) 0 (0)
- Senior <5 years 13 (20,3) 4 (16) 2 (66,7) 0(0)
- Senior between 5 and 10 years 10 (15,6) 4 (16) 1(33,3) 0(0)
- Senior > 10 years 21 (32,8) 10 (40) 0(0) 1 (100)
Data in ICU:

- Death at first month, n (%) 20 (31,3) 17 (68) 2 (66,7) 0(0)
- ICU length of stay (days) 2,5 (2-5) 3,5 (1-7) 1 (1-16) 3

- Days under ventilation 1(1-3) 2 (1-6,25) 1 (1-5) 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
. _ Neurological failure . _ Respiratory failure
Total population (h = 93) (n = 64) Cardiac arrest (n = 25) (n=3)
1st settings Final 1st settings Final 1st settings Final 1st settings Final
settings settings settings settings
Volume(ml) 430 (400- 420 (400- 445 (400- 425 (400- 420 (400- 420 (400- 390 (370- 390 (370-
465) 450) 480) 450) 450) 450) 490) 490)
Vit 6,66 (6,06- | 6,45 (6,06- | 6,82 (6,36- | 6,76 (6,24- | 6,27 (6- | 6,15 (5,76- | 6,06 (5,91- | 6,06 (5,91-
(mikg/min) | 729 7,12) 7,62) 7,27) 7,25) 6,82) 6,90) 6,90)
16,5 (15-
RR 15 (15-18) | 16 (15-20) | 15 (25-19) 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- 85 (60-100) | 80 (50-100) 100~ (100- 75 (50-100)
68,75) 100)
SPO2 99 (96-100) | 97 (95-99) | 99 (97-100) | 97 (95-99) %0) (95,5 g;)S (95- 90 (75-92) | 91 (90-94)
40,5 (35- 36 (33- 40 (35- 42,5 (35-
EtCO2 50) 40,25) 47.25) 37 (33-40) 57) 36 (33-45) | 37 (27-50) | 34 (30-37)
22 (18-
Peak pressure 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]

Vt < 6ml/kg PBW

Vt > 8 ml/kg PBW

N = 74 (79,6%) N = 14 (15%) 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)
- <5years 13 (17,6) 6 (42,9) 0 (0)
- Between 5and 10 years 10 (13,5) 4 (28,6) 1 (20)
- >10years 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)

- Pa02 (mmHg)
- PaCO2 (mmHg)

140,6 (84,6-199,9)
41 (35,9 - 47,95)

115,6 (93,8-190,9)
39,8 (33,43-57,03)

98,5 (73,8-110,8)
42,65 (37,78-51,35)

Data in ICU:
- Death at first month, n (%)
- ICU length of stay (days)

- Days under ventilation

28 (37,8)
3 (2-5,25)
1,5 (1-3)

8 (57,1)
2 (0,75-11,5)
2 (0,6-6,5)

3 (40)
2 (1,13-13)
1(0,55-3)

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




DATA COLLECTION SHEET

Analyse des réglages ventilatoires initiés par 1’équipe du
SAMU ou du SAU

Etude AREVISS

Date : __/__/____ Lieu de prise en charge : SAMU [ | SAU []
Patient: NOM: _ PRENOM: Date de Naissance: __/_ _/
CRITERES D’INCLUSION ES D’EXCLUSION :
[JOoUI [Jour
Age > 18 ans [JNON Personne protégée (art. L1121-5a L1121-8 du CSP) [CINON
[Jour Patient décédé avant I’admission dans un service du [Jour
Sous ventilation mécanique invasive [INON CHU de Grenoble [INON
Ventilation initiée par un médecin du SAMU | [_]JOUI Ventilation initiée par un médecin extérieur au SAMU | [JOUI
ou des urgences [JNON Ou aux urgences [INON
(Jour CJour
Transfert au CHU de Grenoble [INON Admission extérieure au CHU de Grenoble [CINON

Indication de I'TOT : Défaillance neurologique

ACR
Autres :

Concernant le patient :

Sexe: [ M OF
Covid : [] Oui [J Non
Températuwre : ___ °C

Suspicion Covid : [] Oui

ATCD : Maladie respiratoire chronique : [] Oui

Autre atcd modifiant votre stratégie de ventilation : [ ] Oui [ | Non Lequel :

Poids:___kg=>
Taille: ___cm >

Paramétres ventilatoires : Mode de ventilation : VC/VAC [[] PC/PAC []
Degrés d’inclinaison de la téte du patient : [ ] 0° []30° [] 60° autres : __

Déclaré par le patient [ ] Estimé par I'urgentiste [ ] Autres* :
Déclaré par le patient [] Estimé par 1’urgentiste [] Autres *:
(*: carte d’identité / dossier médical / déclaré par les proches ...)

Défaillance respiratoire |
Sédation a visée analgésique [ ]

O
(]

[JNon

[J Non

autres :

1ersréglages ventilatoires :

Valeurs de surveillance :

Vt= FR =

Sp0O2 = EtCO2 =

PEP = FIO2=

Pcréte =

Réglages apres ajustement,

A I'admission au CHU :

Valeurs de surveillance :

Vt= FR =

Sp0O2 = EtCO2 =

PEP = FIO2=

Pcréte =

Concernant ’expérience du médecin ayant initié la ventilation mécanique :

] Dr Junior

[[] Sénior depuis une durée de moins de 5 ans
[] Senior depuis une durée comprise entre 5 et 10 ans
[ Senior depuis une durée de plus de 10 ans
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VENTILO APPLICATION

Ventilo

Implémentation et optimisation
de la ventilation protectrice

Combinaisons proposées (V. /
RR)

ML/KGpgy V_(mL) FR (/min)

157 >35

210 >35
@ PLUS sur les réglages initiaux au
cours de la ventilation protectrice

262 28-30

Caractéristiques des Patients 314 23-25

367 19:-21
419 17-19
472 5= 17
524 183-15

Combinaisons principales Ventilation Ultraprotectrice

Poids idéal théorique

Réglages de VT et FR
PIT 52 kg

N'oubliez pas d'optimiser la ventilation
(consulter la section Optimisations de la

En savoir plus ventilation)

Réglages initiaux Optimicationsidela Chartes des volumes courants en fonction
du ventilateur ventilation -
de la taille et du sexe:

FEMME
1 . [Tl V- ¢mikg ViSmikg Vi 6mikg V;7mikg V;8mikg V;9mikg Vs 10 mi/kg
! Avertlssement 145 3 155 194 233 mn 310 349 388
147 162 203 244 284 325 365 406
149 170 212 254 297 339 382 424
181 177 21 265 354 308 442
183 276 368 414 460

155 479
157
159
161
163
165
167
169
171
17
175
177
179

Réglages initiaux du ventilateur

Poids réel

60

Température corporelle

36.5|

LTIl V- ¢ mika ViSmikg V.6mikg V;7mikg V;8mikg V;9mikg Vy 10 mikg
260 303

. 145 1”73 216 346 389 433

Type de Patient 147 180 225 n 316 361 406 451
149 188 235 21 328 s 422 469

151 195 244 292 341 390 439 487

" " s 15 202 253 303 354 404 455 505
Soins intensifs 185 200 262 an 37 419 an 524
157 217 n 325 379 433 488 542

1% 224 280 336 392 448 504 560

161 <) 289 u7 405 483 520 578

163 2% 298 358 418 Lied 537 506

165 246 307 360 430 492 563 615

167 253 316 380 443 506 s70 633

169 260 326 o 456 521 586 651

. m 268 335 402 468 535 602 669
Indice de Masse Corporelle 13 275 a4 a2 481 550 619 o7
82 353 a 454 565 635 706

2900 382 4% 507 5719 651 T24

297 n 445 519 594 668 742

IMC 23.4 Kg/m? 304 3% 458 82 008 o4 T80

an 389 467 545 623 01 78

319 398 478 558 637 " 797

a6 407 489 570 652 733 815

333 a7 500 583 666 750 833

M 426 s 506 681 766 851

348 435 S22 609 696 783 869

2 355 44 533 21 710 799 888

En Slelielly plus 362 453 £ 634 725 815 906
370 462 554 847 739 832 924

n a7 565 660 754 848 842
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e serment d’Hippocrate

Texte revu par 'Ordre des médecins en 2012

“ Au moment d’étre admis(e) & exercer la
médecine, je promets et je jure d’étre fidéle aux lois
de I'honneur et de la probité.

Mon premier souci sera de réetablir, de préserver ou de promouvoir |a
santé dans tous ses éléements, physiques et mentaux, individuels et
SOCIQUX.

Je respecteraitoutes les personnes, leur autonomie et leur volonte, sans
aucune discriminationselon leur étatou leurs convictions.J'interviendrai
pour les protéger si elles sont affaiblies, vulnérables ou menacées dans
leur integrité ou leur dignité. Méme sous la contrainte, je ne ferai pas
usage de mes connaissances contre les lois de 'humanite.

Jinformerai les patients des deécisions envisagees, de leurs raisons et
de leurs conséquences.

Je ne tromperai jamais leur confiance et n'exploiterai pas le pouvoir
hérité des circonstances pour forcer les consciences.

Je donnerai mes soins a l'indigent et & quiconque me les demandera.
Je ne me laisserai pas influencer par la soif du gain ou la recherche de
la gloire.

Admis(e) dans l'intimité des personnes, je tairai les secrets qui me seront
confiés. Regu(e) a l'intérieur des maisons, je respecterai les secrets des
foyers et ma conduite ne servira pas a corrompre les moeurs.

Je ferai tout pour soulager les souffrances. Je ne prolongerai pas
abusivementles agonies.Je ne provoquerdijamaislamortdeélibéréement.

Je préserverai l'indépendance nécessaire a 'accomplissement de ma
mission. Je n'entreprendrai rien qui dépasse mes competences. Je les
entretiendrai et les perfectionnerai pour assurer au mieux les services
qui me seront demandés.

J'apporterai mon aide a mes confreres ainsi qu'd leurs familles dans
'adversité. Que les hommes et mes confreres m'accordent leur estime
si je suis fidele  mes promesses ; que je sois déshonoré(e) et méprisé(e)

si j'y manque. ”

SECTEUR
SANTE 4,

Université Grenoble Alpes
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