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Modes of Mechanical Ventilation for the Operating Room

Anaesthesiology

Made

Type

Details

Use in anaesthesia

V-CMV (volume continuous mandatory | Mandatory Controlled wventilation, targeted | Most common mode of ventilation, provides good control of tidal volume,
ventilation), WVCV (volume controlled on tidal volume, time-cycled especially with modern anaesthesia machines that provide compliance
ventilation) compensation.
P-CMV (pressure continuous mandatory | Mandatory Controlled wventilation, targeted | Common mode of ventilation, provides best control of inspiratory peak
ventilation), PCV (pressure controlled on airway pressure, time-cycled pressure, useful for compensating air loss in uncuffed tubes and decrease
ventilation) gastric insufflation in combination with laryngeal masks and other
supraglottic devices. Often used in one-lung ventilation.

YEV/V-CMY with VG (pressure | Mandatory Controlled ventilation, targeted | Increasingly available in anaesthesia machines, combines advantages of
guaranteed), AF (autoflow) or PRVC on tidal wvolume, time-cycled, | VCV and PCV, allowing a tight control on tidal volume, with a better
{pressure regulated volume controlled) pressure-limited. This mode has | compromise towards peak inspiratory pressure.

different names and proprietary

algorithms on different ventilator

manufacturers, aimed at

delivering the desired wvolume

with the lowest  possible

inspiratary pressure,
V or P-ACY {volume or pressure assisted | Mandatory Delivers the desired volume or | Can be used in patients with residual respiratory drive to assist
controlled ventilation Assisted pressure target both | spontaneous breathing without risking apnoea.

automatically or upon patient’s

inspiratory effort.
V o or P-5SIMV (volume or pressure | Mandatory Delivers the desired mandatory | Similar to V/P-ACV, can be used in patients having a residual respiratory
synchronized intermittent mandatory | Assisted volume or pressure, plus an | drive, or during emergence from general anaesthesia.
ventilation) assisted wolume or pressure

when  an inspiratory effort is

detected within  a sensing

window.
PSV (pressure support ventilation) Assisted Delivers a target pressure when | In patients with a respiratory drive, in presence of restrictive lung disease,

an inspiratory effort is detected. induction of general anaesthesia, neuromuscular disease, weaning from

controlled ventilation.

CPAP Assisted Increases mean airway pressure | At induction, to avoid excessive loss of FRC / EELV, can decrease inspiratory

in  spontaneously
patients

breathing

effort in intubated patients, before extubation.

Table 2. Main ventilation modes used in the operating room (readapted from Principles and Practice of Mechanical Ventilation, 3 edition)[35].

Best Practice & Research Clinical Anaesthesiology (2015),




PLAN

Rappels de physiopathologie
Pourquoi maintenir la ventilation spontance?

Circonstances de maintien en ventilation
spontanee

- pré oxygeénation

- fibroscopie/LES/ « oxygenation apnéique »

Ventilation Spontanée en Aide Inspiratoire




Rappels de Physiopathologie
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pulmonaire
totale

Capacite vitale

+

Volume

courant (Vt)
\

Capacite residuelle
fonctionnelle

4

Volume residuel
¥



La CRF est le volume pulmonaire
auquel la force de rétraction élastique
du poumon s’eéquilibre avec la force
d’expansion de la cage thoracique.
Elle est egale au volume télé-

expiratoire si I’expiration est passive
et complete en fin d’expiration.




Effets de la position sur la
Capacité Reésiduelle Fonctionnelle
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Position chirurgicale
et déplacement

Position initiale
du diaphragme

Position
couchée

Induction de
I'anesthésie
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De-recruitment

Atelectotrauma

Release of
inflammatory
cytokines

Overdistention

Barotrauma
Volutrauma

Release of
inflammatory
cytokines




Optimisation de la ventilation en anesthésie

Le poids de la masse abdominale
fait remonter le diaphragme dans
la cage thoracique

|

Baisse de la CRF Atélectasies

N | -Limiter les FIO, elevees

“| *Recrutem 20laire + PEP
. @Maintien ventilation spontanée>
*Position assise

Before Induction After Intubation




Pourquoi maintenir une ventilation
spontanee en anesthesie?




SIGNA VITAE 2007: 2(2): 6 -9
REVIEW

Spontaneous breathing
during anaesthesia:
first, do no harm

GORDON BE DRUMMOND

-Diminution du travail respiratoire (compensation des résistances du circuit)

-Diminution du stress inflammatoire par variation volume courant et fréquence
respiratoire

-Maintien de l'activité spontanée du diaphragme et diminution des atélectasies

-Amélioration des échanges gazeux pulmonaires et des rapports
ventilation/perfusion

-Diminution de la consommation en agents anesthésiques ( asynchronies) et du
temps de réveill

-Détermination plus précise profondeur d’anesthésie
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Figure 3. The effects of prolonged ventilation during anaesthesia on lung
function. The dashed line indicates the effects of regular uniform ventilatory
pattern: the solid line indicates ventilation with a variable pattern. where
tidal volume varied and frequency varied reciprocally to maintain a constant
exhaled minute volume. Gas exchange efficiency gradually deteriorates with
regular ventilation. Data from Mutch et al (2000) Br J Anaesth 84 197-203




SV vs IPPV
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Figure 4. Measures of lung perfor-
mance comparing anaesthesia with
spontaneocous ventilation (columns
marked S) and with muscle paralysis
and ventilation (columns marked P).

paralysis and mechanical ventilation

is associated with more atelectasis,
and impaired gas exchange. Data
from Tokics et al Anesthesiology
1987 66 157-167




Circonstances de maintien en
ventilation spontanee

- Pré oxygénation
- Entretien anesthésie
- Révell

- procedures: LES, Fibroscopie ORL/bronchique;
Intubation sous fibroscopie




Pre oxygenation




Quelle FIO2?

TRAITEMENT DE L’'HYPOXEMIE

RISQUES DE L'O2 PREVENTION DE L’HYPOXEMIE ?
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Intubation difficile Taxte court

Conférence d’experts 2006

Disponible en ligne sur www.sciencedirect.com
g annales

-3 . ; francaises
»~ ScienceDirect . ANESTHESIE

REANIMATION
Annales Francuises d’ Anesthésie et de Réanimation 27 (2008) 1-2 — O
MAS SDN http:/ffrance.elsevierc om/direct/ ANNEAR/S

Editorial

Reactualisation de la conférence d’experts sur I'intubation
e & £ 'f:f'
difficile : et apres ?

Guidelines on difficult airway management have been
updated: What about the future?




respirahons profondes avec i debit de 10 /min d'oxygengpendant une minute |




Can J Anesth/] Can Anesth (2009) 56:449-466
DOI 10.1007/512630-009-9084-z

Optimizing preoxygenation in adults

Issam Tanoubi, MD - Pierre Drolet, MD -
Francois Donati, MD, PhD

that all patients be preoxygenated. The TVB 3 min and the &8
DB 60 sec techniques are suitable for most patients; how-
ever, the 4 DB 30 sec is inadequate.




Réserves en Oxygene de I'organisme

7 Oxygen Reserves
(mL)

HE Lungs
E Hemoglobin

M Plasma

Can J Aﬂﬁﬁlh(znm) L. Tanoubi et al.
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Chez I’obése (IMC > 35 kg/m°). "application d'une CPAP
pendant la preoxygenation suivie par une veniilafion au masque

avec une PEP 10cmH-0O diminue le volume des zones
atelectasices (104 = 4.8 %dans le groupe temoin versus




Préoxygénation
standard

Preoxygenation

PPC=6cmH,0

Avant induction Apres intubation

Rusca M et al. Anesth Analg 2003




The Effectiveness of Noninvasive Positive Pressure
Ventilation to Enhance Preoxygenation in Morbidly Obese
Patients: A Randomized Controlled Study |, .. ;... 005107170703

Jean-Marc Delay, MD*
Mustapha Sebbane, MD*

Boris Jung, MD*

David Nocca, MD+

Daniel Verzilli, MD*

Yvan Pouzeratte, MD*

Moez El Kamel, MD*
Jean-Michel Fabre, MD, FhDt
Jean-Jacques Eledjam, MD, PhD*

Samuir Jaber, MD, PhD*

CONCLUSION

O, administration using NPPV in the operating
room is safe, feasible, and efficient in morbidly obese
patients. NPPV using moderate levels of pressure
support and PEEP provide a higher ETo; than tidal
volume spontaneous breathing, and accelerate the
increase In ETo,; during O, administration.

ANESTHESIA
ANALGESIA

&




Concept « d’'oxygenation apneique »

Une application indirecte de I’q::::j,.-‘génatiﬂn apneique est
"'admmistration d'C ]-q. D L '1.. es d mumbation.
L adminmistration yar un cathéeter

naso- ou oropharyvnge pemdan teatron permet de retarder

'EIE"I'IIh-LElH"- ement le dehut de la désaturation artérielle en O,
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British Journal of Anaesthesia 98 (1): 13640 (2007)
doi: 10.1093/bja/ael317 Advance Access publication December 2, 2006 BJ A

RESPIRATION AND THE AIRWAY

Pressure support ventilation during fibreoptic intubation
under propofol anaesthesia

_;.

J. L. Bourgain' %, V. Billard' and A. M. Cros”

Conclusion. Pressure support represents a useful method to improve ventilation during
fibreoptic intubation under propofol anaesthesia in patients with an anticipated difficult intubation.




British Journal of Anaesthesia 113 (52):ii26-ii36 (2014) B A
doi:10.1093/bja/ceu3 80 J

CLINICAL PRACTICE

Perioperative use of oxygen: variabilities across age

W. Habrel.2* and F. Petak?3

! Geneva Children’s Hospital, University Hospitals of Geneva, 6 rue Willy Donzé, CH-1205 Geneva, Switzerland
? Pathophysiological Experimental Platform, Department of Anaesthesiology, Pharmacology and Intensive Care, University of Geneva,

1 rue Michel Servet, CH-1205 Geneva, Switzerland
3 Department of Medical Physics and Informatics, University of Szeged, 9 Koranyi fasor, H-6720 Szeged, Hungary

* Corresponding author. E-mail: walid habre@hcuge.ch
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Fig 1 Summary of the risk/benefit ratio and target-inspired fraction of oxygen (Fi.,) across different age groups with a specific description of the
physiological and clinical aspects of the perioperative use of hyperoxia. BPD, bronchopulmonary dysplasia; SVR, systemicvascular resistance; FRC,
functional residual capacity; SSI, surgical site infection; PONV, postoperative nausea and vomiting; COPD, chronic obstructive pulmonary disease;
POCD, postoperative cognitive dysfunction.
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Fl, 80%

Middle aged
FIDE 60-80%

Fig 2 Suggested perioperative concentrations of inspired oxygen (Fi,,) for different age groups under normal physiological conditions. These
recommendations are based on currently available evidence, taking into consideration the minimum risk/benefit ratio. Sag,, saturation of

oxygen in arterial blood.
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Recommendations for perioperative oxygenation

D. Martin* and M. Grocott2

1london, UK, and “Southampton, UK

There are insufficient data to suggest that a high FiO2 is the
safest approach in any particular group of patients or to provide
specific recommendations that differentiate between ‘middle-
aged’ and other patients.

A lowest oxygen level acceptable (LOLA) standard should apply
to All ages

V.]. Kopp® and M. W. Koenig

Chapel Hill, North Carolina, USA

oxygen use deserves restraint at every age. In this spirit we advo-
cate fadoption of a lowest oxygen level acceptable’ (LOLA) |stand-
ard coupled with objeclive monitonng dunng anaesthesia and

sedation in any setting.




Perioperative Positive Pressure Ventilation

An Integrated Approach to Improve Pulmonary Care

Emmanuel Futier, M.D., Ph.D., Emmanuel Marret, M.D., Ph.D., Samir Jaber, M.D.. Ph.D.

Anesthesiology 2014; 121:400-8

In addition, routine application of 100% inspired

oxygen concentration before extubation in
nonhypoxemic patients and airway suctioning at
extubation, which may be responsible for a
dramatic loss 1n lung volume and atelectasis
formation, should no longer be used.

AMESTHESIOLOGY




Ventilation Spontanée Aide
Inspiratoire

[’ Al est un mode ventilatoire consideré comme le
mode le plus physiologique parmi les modes
ventilatoire, largement utilise car 1l est le seul qui
permet au patient d’1imposer son temps
inspiratoire a la machine.

Samir Jaber MAPAR 2013




Ventilation Spontanée Aide
Inspiratoire

-+ |ndications de |’aide inspiratoire

e Pré-oxygeénation
e Diminue le temps pour obtenir une FeO2 a 90%

e Diminue le taux d’echec de la preoxygenation

» Sujets sains Tanoubi | Ann Fr Anesth Reanim 2010
* Obeses Delay JM Anesth Analg 2008

e Ameéliore la préoxygénation des patients de réeanimation
Baillard C AJRCCR 2006

e En cours d’anesthesie

e Induction en ventilation spontanée
» Pediatrie (Banchereau F 2005)
« Airway difficile (Bourgain JL 2007, Bonnet L sous presse)
* Intubation chez les patients hypoxemiques (Da Conceicao 2003)

e Assistance ventilatoire peropératoire
* Au cours des sédations
» Sous masque larynge Garcia-Fernandez, J 2007

e Au reveil, dépend de la stratégie d’extubation, sur table ou
en SSPI




Ventilation Spontanée Aide
Inspiratoire

Niveau d'aide inspiratoire
5 < Al < 20 cmH20

Trigger expiratoire (cyclage l/E)
1T 0<Timax<12s

5 < PEP < 10 cmH,0
<

-




. Declenchement
Trigger inspiratoire

. Pressurisation,
Pente de I'Al

. Délivrance de I'Al,
0 Niveau d'Al

Temps (s)

. Phase expiratoire,
40 - Trigger expiratoire

20 -

20 -

40

Temps (s)




Arrét de 1’aide en fin d’inspiration

—+—10% 10 Lmin"!

___________________ 4 SRSEER,, jIUS TRENL JESSe

Temps inspinjatoire

Le rapport I/E est une valeur mesuree et non réglable




yperintlation dynamique : le temps expiratoire

n’est pas suffisamment long pour que le poumon se vide
jusqu’a la CRF

Débit

Contréler I'efficacité des réglages sur les courbes
L'hypercapnie permissive peut étre une solution dans les cas difficiles




Pression de fin d’expiration positive (Peep) : varie de 0
(Zeep) a 15 cm H,O. La pression alveolaire reste supérieure a
Patm pour lutter contre le collapsus alveolaire de fin
d’expiration




REGLAGES COMMUNS

Limites d’alarmes (a adapter a la ventilation du patient)

Spirometrie basse et haute (dépiste hypo- hyperventilation,
fuite, extubation)

FR minimale et maximale

Pins maximale, réglée environ 10 cm H,O au dessus de
celle mesurée. (Deépiste une sonde bouchée ou coudée,
bronchospasme, pneumothorax, intubation sé¢lective)

Pins basse, réglée environ 10 cm H,O en dessous de celle
mesuree (depiste un débranchement et fuites)

Temps d’apnée (30 secondes) et ventilation d’apnée




Eur J Anaesthesiol 2016; 33:283-291

ORIGINAL ARTICLE

Neurally adjusted ventilatory assist feasibility during
anaesthesia

A randomised crossover study of two anaesthetics in a large
animal model

Francesca Campoccia Jalde, Fredrik Jalde, Peter V. Sackey, Peter J. Radell, Staffan Eksborg and
Mats K.E.B. Wallin

CONCLUSION NAVA is feasible during ketamine-propofol
and ketamine-sevoflurane anaesthesia in pigs. Sevoflurane
promotes lower Vi, and affects NME and NVE less than
propofol. Our data warrant studies of NAVA in humans
undergoing anaesthesia.
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