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La ventilation protectrice : pas si

simple...
Volume * Quels réglages appliquer?

——— jvi — Quel volume: 6ml/kg? Pour quel poumon?
g — Quelle pression?: plateau 30 cmH20? Cela correspond a
quelle pression transpulmonaire?

2 — Quelle peep? Recrutement ou surdistension alvéolaire?
Chest wall Niveau optimal

Elastance P ez . N
=> Nécessité de tenir compte d’autres parametres car la
CRF et I'élastance thoracique sont variables:

Le strain, statique, dynamique, strain rate
Le stress pulmonaire

La recrutabilité

La driving pressure

Stress et strain Modeéle linéaire

Situation de repos
* Modéle linéaire : I'élastic
\ A . . . Apglication d'une force
* Modeéle a trois dimensions: le poumon oo,

AL Ltot = Lo
Stress = |F| = kestrain= ks —= ks ——n
Lo Lo

avec k = constante du matériou = module de Young
Fig. 1 Concept de stress ef strain dans un modéle linéaire. F :
force appliquée ; Lo : longueur initiale ; Ly, : longueur totale ;
AL : variation de longueur ; k : constante du matériau = module
de Young
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Modele volumétrique

oss
QVFip,
N

- -
.4.4 A ‘:\

= v,
v Vot

av Vtot — Vo

Stress = |P| = k+strain=k+ —=k+ ——
Vo Vo

Fig. 2 Concept de stress et strain dans un modéle volumétrique.

F : force appliquée ; Vi : volume initial ; Vi, : volume total ; AV

variation de volume ; k : constante du matériau = module de Young

Stress et strain appliqués au poumon

g5
g

parla PEP ; CRF : ca

La mesure du stress pulmonaire

Stress = Ptranspulmonaire = Palvéolaire —
Ppleurale

Pplateau = Ptranspulmonaire téléinspiratoire +
Ppleurale téléinspiratoire

Stress max = Ptranspulmonaire téléinspiratoire
= Pplateau — Ppleurale téléinspiratoire

Ptranspulmonaire téléinspiratoire = Pplateau x
EL/ERS

Le strain

Strain = AV/CRF

Strain = Vt/CRF si Peep = 0

Strain = (VT + AVPEP)/CRF

Strain = 1 => volume pulmonaire aéré de fin
d’inspiration = CRF x2

Strain = 2 => volume pulmonaire aéré de fin
d’inspiration = CRF x 3 = CPT
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La mesure du strain

* Scanner thoracique
* Technique de dilution a I'helium

* Washin-washout azote (Engstrom Care
Station-GE)

Données expérimentales

Itemive Care Med QO11) 11913-1920
ot e

Ly vl Time to generate ventilator-induced lung injury
Cartewn ‘among mammals with healthy lungs: a unifying
freomepiinc hypothesis
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Lung Stress and Strain during Mechanical Ventilation
Any Safe Threshold?
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functional residual capacity) and stress (the transpulmonary pres.-

sure) cancause ventator induced lung o AT A GLANCE COMMENTARY
Objctives o ety a sirain-sres threshold (f any) sbove which
ventlator induced lung damage can occr Scientific Knowledge on the Subject
ey in sty mechanicaly ventiatedfor o ey i -
3% Gamage was i mmwnﬂ-mmdw
lung weight. WY.I‘ ‘small tidal volume (rough surrogate ‘strain)
Measurements and Moin Rewults: Intal lung weight and functional um.m—mmu(yi-u-aumh)

Tong weighs w mesmared wing  boance. Afer erory el
volume, data collection included respiratory system mechanics,
gas exchange and hemodynamics (every 6 h); cytokine leveis in

serum (evey 12 1) and brochosheolar e i end f the What This Study Adds to the Field
Y s pudpe]
damage does not develop propor-
tionally to the applied strain and stress, but only when
ot (- 15).Tidal vokume was 38 - 9mi/kg i the former and 22 a critical threshold is reached or overcome. On average, in
16058 st ot v
and1.29 = 0.57 and astressof 13 = Sand8 = 3cm H,0, respectively. ot L)

system mechanics, gas exchange, and hemodynamics, pulmonary

Conclusions: In healthy pigs, ventilator.induced lung damage de-
velops only when a strain greater than 1.5-2 is reached or over.
ation s

in healthy lungs, unless very large tidal volumes are uscd.

warranted in translating these findings to humans.
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Figure 3. indlung. (4)
Average pressurevolume curve computed from the fittings of Indi-
vidual available in 22 pigs. Data are presented as mean =

SE. (§) Average stress-strain relationship computed from the fitting of
individual recordings, available in 22 pigs. Stress was defined as the

o the stress-strain relationship. Data are presented as mean = SE.
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La notion de strain statique et de

Conclusion , )
strain dynamique

Si strain < 1,5 : survie sans lésion pulmonaire
apres 54h de ventilation

Si strain > 2,5: déces avec lésions pulmonaires
Cela correspond au moment ou la relation
linéaire entre stress et strain disparait

VILI s’accompagne d’une réaction
inflammatoire systémique et d’une défaillance
multiorganique




10/05/17

Lung Stress and Strain During Mechanical
Ventilation: Any Difference Between Statics

and Dynamics?*

Alessandro Protti, MD'; Davide T. Andreis, MD'; Massimo Monti, MD'; Alessandro Santini, MD';

Cristina C. Sparacino, MD'; Thomas Langer, MD;

Emiliano Votta, PhD%; Stefano Gatti, MD*;

Luciano Lombardi, RT*; Orazio Leopardi, MD'; Serge Masson, PhD*; Massimo Cressoni, MD’;

Luciano Gattinoni, MD FRCP**

Objective: Tidal volume (V,) and volume of gas caused by posi-
tive end-expiratory pressure (V,.,,) generate dynamic and static
lung strains, respectively. Our aim was to ciarify whether different
combinations of dynamic and static strains, resulting in the same
large global strain, constantly produce lung edema.

Subjects: Twenty-eight healthy pigs.

‘edema (ung weight from 334+38 10 656499, p < 0.01), wheveas
none of those ventiated with mainly static strain (V, 23721 mL and
Viep 906114mL, comesponding to 191 cm H,O of positive
end-expiratory pressure) did (from 31455 t0 277+46g, p=0.65).
Animals ventiated with intermediate combinations finally had normal
or largely increased lung weight. Smaller dynamic and larger static
mmm(p«an.wmwm
(0<0.01),

tiated for 54 hours at 25, (2
mmenm Viger 0%), p-mydyrmcudpmm(v 76-50%
25-50%),0r mainly statc (V, 263 and V,,,, 75%) and then
uaahsgnoump-gn(v 25% and Vi, 75%), V,q,,, was abruptly
moedmss—qummmemwam
Measurements and Main Results: Edema was
final lung weight (valance) exceeded the intal weight (mmpuhd
tomography). Mortality, lung mechanics, gas exchange, pumonary
histology, and inflammation were evaluated. Al animals ventiated
with entirely dynamic strain (V, 825:+424mL) developed puimonary

(0=003) 001),
Removal of positve end-expiratory pressure dd not result in abrupt
increase in kung weight (from 33636 to 351 £77g, p=051).
Conclusions: Lung edema forms (possibly as an ak-ornone
response) depending not only on global strain but also on its com-
ponents. Large static are less harmful than large dynamic strains,
but not y
(Crit Care Mod 2013; 41:1046-1058)

Key Words: healthy lung; lung strain; lung stress; mechanical
ventilation; positive end-expiratory pressure; transpulmonary pre-
ssure; ventilator-induced lung injury
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Figure 2. Lung weight change and 54-hr mortalty. Indvidual itial and fina lung weights are shown. Straight ines are used to connect indwidual points
1o help visualize how lung woight changed in every single animal (and not to suggest that these changes occurred finearly over time). White crces ind-
cate animals that died within 54 i, whereas black cicles indicate those that survived. 0 < 001 vs.intial kung weight. V, = tidal vokume; V.., = volume

corresponding ‘o positive end-expiratory pressure.
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TABLE 3. Lung Histology

P
Emphysematous change 2(2-9) 3%(3-9) <001
Interstitial congestion 3(2-3) 1*(1-2) 002
Alveolar hemorrhage 1(1-2) 1(0-1) 0.11
Alveolar neutrophil infiltration 3(1-9) 0°(0-1) <001
Alveolar macrophage proliferation 3(2-3) 101-2 014
Aiveolar type Il pneumocyte proliferation 2(2-2) 1(1-2) 032
Interstitial lymphocyte proliferation 10-2) 10-2 095
Interstitial thickening 3(3-3 1(1-2) 005

2(1-2) 00 <00
Interstitial fibrosis 2(2-2) 10-2) 051
Organization of alveolar exudate 2(1-2) 1(0-1) 0.18
Total injury score 23 (19-26) 23 (18-26) 20(17-23)  10(2-17) 003

¥, = tidal volume; V,,,,, = volume corresponding to positive end-expiratory pressure.
9< 0,05 va. ¥, 100% and V. 0%.
%9 <005 vs. ¥, 76% and V,,,, 25%.
<005 va. ¥, 50% and Ve, 50%.
graded fom 0 10 4 nspection (undor the microscope), with highs scores indicaing more severs and d¥used
abnormaiities (43). Total injury score was the sum of al individual scores. The p vailues reported in the last column refer to overall comparisons between groups.

TABLE 4. Final Lung and Systemic Inflammation

V, 75¢ V, 50%
Vogep 25% Vi 50%

V, 25
Voess 75% P

Bronchoalveolar lavage fluid IL-6 (pg/mL) 1019251 1037363 5341612 120 144% <001
Serum IL-6 (pg/mL) 602 (216-1200) 204 (52-470) 14 (8-226) 2*(2-10) 001
V.= tidal volume; V,,,,. 9 y pressure; IL-6 = interieukin6.

*p<0.06 va. V, 100% and V,,, 0%.
*p<0.05vs. V, 75% and V,,,,, 25%.
The p values reported in the

conclusion

* L'apparition de VILI dépend du strain global
mais plus de sa composante dynamique (le
volume courant) que statique (la peep)

Le strain rate
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Role of Strain Rate in the Pathogenesis of
Ventilator-Induced Lung Edema*

Alessandro Protti, MD'; Tommaso Maraffi, MD% Marta Milesi, MD*; Emiliano Votta, PhD*;
Alessandro Santini, MD’; Paola Pugni, MD’; Davide T. Andreis, MD; Francesco Nicosia, MD’

Emanuela Zannin, Ph]
Luciano Gattinoni, MD,

Stefano Gatti, MD*; Valentina Vaira, MD, PhD***; Stefano Ferrero, MD*’;
P

Objective: Lungs behave as viscoolastic polymers. Harms of
mechanical ventiation couid then depend on not only ampiitude

Interventions: Two groups of animals were ventiated for 54 hours

(strain) bot also velociy (stran rate) of Herein,
we tested tha hypotiess.
Design: Laboratory investgaton

and inspratory tme). Indidual strans ranged between 06 and
35 in both groups. Piglets ventiated with low strain rates had an

Sotting: Animal unit oy of 12-13.
Sublects: Thety heathy pgiets. nepic

(down 1o 1:9). Respiratory ate was ahways 15 bresthe/min. Lung

vacoelastc behavio, with ventiator settng requred per protocel,
“Se0 also p. 1800. was “quantfed” as dynamic respratory system hysteresis
Do  Anrod, R od Energore g o ook cop i Jues) ad ares sz (tivey prssis

an, OD.
Trapat, Univer oxdmonsy S54hous.

52 dogh Stud, Mian, tay. by
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“Centro di Ricerche Chinurgiche Praciniche, Fondazione IRCCS Ca
Mian, baly.

woc.
Maggiore Poiclinico, Mian, tay.
“atuo Nazionse Genetica Molecalare “Romoo od Envia bemazr,

"Diparimento & Scienzo Bomediche, Chirurgiche o Odonsoatiche, Uni
vorsith dogh Stud, M, taly:

‘Supglomontal digtalcontont is avadabl for thie aricle. Drect URL citations
appear in the prned ext and aro provided in the HTML and POF versons

‘Supported, in pan, by an halian grant provided by Fondazone Fera i
Miano for Transiatonal and Competitive Research (2007, Luciano Gat-
tinon) and by GE Heakthears.

woro wih wolhmatched strains (21209 vs 2.1 £08;
P = 0864) but Gifferent sran rates (18208 vs 4611557
P < 0001), dynamic. respiratory system hysteresis (06203
Vs 14208 J; p = 0.001), and stress relamaton (31209 vs
5.0£2.3m H,0; p = 0.008). The prevalence of pumonaey edema
wass 20% among pigets ventiated wih low stain rates and 73%
among those ventlsted with high stain rates (o = 0.010).
rate s risk

behavio. (Crit Care Med 2016 44:0838-6845)

Kay Words: nspratory flow; lung hysteress: lung viscoelastiedy:
mecharical ventlation; pumonary edema; ventiator-nduced
lung iy

TABLE 1. Ventilator Settings Used in the Two Study Groups

Low Strain Rate High Strain Rate
n 15 15
Strain 2.1+09 (06-35) 2.1+09(08-35) 0864
Tidal volume (mL) 562+ 162 (299-766) 588+ 163 (325-787) 0648*
Functional residual capacity (mL) 293184 (174-488) 30985 (187-488) 0597
Strain rate (™) 18108 (05-29) 46+15(21-64) <0001+
Inspiratory flow (mL/s) 4691156 (250-833) 13221245 (800-1600) <0001
Respiratory rate 15 15
Inspiratory-to-expiratory time ratio 12-13 15-19
Inspiratory time (s) 13204 (1.0-13) 05+0.1 (04-0.7) <0001+
Animals assigned to the y o
ET AT TR o o = o £ b e

TABLE 2. Respiratory System Mechanics, Lung Mechanics, Gas Exchange Across the Study
Period, and Major Outcomes

Low Suain Rate

g strain Rate

.
e~
——t
= L .
S
T
Eary mortalty
e
=
S e e
e
e

.
-

conclusion

* Strain rate est un facteur de risque important

pour le VILI, indépendamment du strain:

— Elongation tissulaire moins uniforme et
phénomene d’hysteresis => microfracture

— Distribution des gaz moins uniforme et donc
risque de surdistension des alveoles les plus saines

— Augmente le shear stress alveolaire
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Role de la distribution du strain

Prone position delays the progression of ventilator-induced lung

injury in rats: Does lung strain distribution play a role?*

Franco Valenza, MD; Massimiliano Guglielmi, MD; Micol Maffioletti, MD; Cecilia Tedesco, MD;

Patrizia Maccagni, MD; Tommaso Fossali; Gabriele Aletti; Giuliana Anna Porro, MD;
Manuela Irace; Eleonora Carlesso, MSc; Nadia Carboni, MD; Marco Lazzerini, MD;
Luciano Gattinoni, MD, FRCP

delays the and Main Results: Similar ventilator-induced

Objective: progression
of experimental ventilator-induced lung injury, possibly due 0 a
more distribution of strain within lung parenchyma.

wet-to-dry

m}.;n'mwnmmmmmmmm&

Design: Prospective, randomized,
Soting: Animal laboratory of a university hospital.

controlled trial. lator-induced lung injury was longer with prone position (73 = 37
s
+450).  tomography scan analysis performed before lung injury revealed

Interventions: Mechanical ventilaton n either supine or prone  that at end-expiraton, the g was wider i prone positon (9 =

-004) and somewhat shorter (p = .09), despite similar lung

position and computed tomography scan analysis.
Measurements: Animals

were ventilated in supine (n = 15) or

prone (n = 15) position until a similar ventiator-induced lung  significantly only in supine position (p = .002). Lung sirain was
injury

scan
outcome measure. In five additional animals, computed tomog-  suggests that a more homogeneous distribution of strain may be
raphy scans (GE Light Speed QX thiciness 1.25 mm, interval 0.6 implicated in the protective role of prone position against venti-
‘mm, 100 MA, 100 Kv) were randomly taken at end-expiration and  lator-induced lung injury. (Crit Care Med 2005; 33:361-367)

end-inspiration in both positions, and quantitative analysis was  Ker Wosos: prone position; ventilation; lung injury; acute; ani-

performed. Data are shown as mean = so.

Figure 2. Time course of the increase of respira- g
tory system elastance (Ers) over time. We mea-
sured Exrs at time intervals and stopped once Ers
was 150%, which corresponded to a similar lung
injury (see Results). The upper panel represents
animals ventilated in supine position, whereas
the lower panel animals in prone position. Each
line is representative of 2 single animal. As one
can see, prone position delayed the progression of
ventilator-induced lung injury.

SN
- ﬁk& :

[

Lo T S

et ot

Figure 4. Average shape of the lungs at end i )
of animals in supine (feft panel) and prone (right panel) position. The figure suggests that the
distribution of tidal volume was different between supine 2nd prone position.

In this study we have confirmed that prone position delays the progression of VILI in
an experimental model. We have also shown that lungs are more homoge- neously
inflated in prone position and tidal volume distribution is different be- tween supine
and prone position. In fact, tidal volume preferentially strains the nondependent
lung regions in supine po- sition, whereas in the prone position the downward

displacement of the dia- phragm is more relevant.

10
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conclusion

La prone position
— Retarde l'apparition du VILI

— induit une distribution plus homogéne du strain
qui peut etre impliquée dans ce délai d’apparition

du VILI

1 Appt Phosiol 110: 1374-1383, 2011
First published March 10, 2011 doi:10.1152japplphysiol 004392010,

Lung regional stress and strain as a function of posture and ventilatory mode

Gaetano Perchiazzi,"* Christian Rylander,” Antonio Vena,” Savino Derosa,' Debora Polier,'
Tommaso Fiore,' Rocco Giuliani,' and Géran Hedenstierna®

"Emergency and Organ Transplant, Bari University, Bari, ltaly: *Anaesthesia and Intensive Care Medicine, Sahlgrenska
University Hospital, Goteborg, Sweden; *Intensive Care Unit, SS Annanziata Hospital, Taranto, lialy; and *Medical
Sciences-Clinical Physiology, Uppsala University, Uppsala, Sweden

Subemitied 23 Apil 2010; accepeed in final form 7 Masch 2011

Perctiez G, Ryleader C, Verm A, Deros S, Poler D, Ploe T,
Gillani R,

ol 1019761585 201 Pk
published March 10, 2011; mmusywy..x 39.2010.—During
posiive pressre vendlaion parenchymal deformation can be 3
sessed as strain (volume increase above functional residual capacity)
in respoase to stress (ranspalmonary pressure). The aim of this study
was 10 cxplore the relationship between siress and strain o the
regional level using computed tomography in ancsthetized healthy
pigs in two postures and two pattems of breathing. Airway renne

and el prssures wers s 0 calulte ses; change
content as assessed from iy s i o e
Saia, Saic sras-tea curves aod dymasc e e curves ot
constucted, he late dorig the inspirstory phasc of volume and
The

lung was divided into mn«wm. intermediate, dependent, and
‘central regions: their curves were modeled by exponcntial regression
‘and cxamined for statistcally significant diffcrences. In all the cxam-
ined regions, there were strong but different exponential relations

e v ik, Eeveg seckontnd woeton, e o
inspisiocy strin was bigher i the dependent than n the poadepen
dent volume.

ventilation were found. However, during volume control ventilation,
prone positioning decreased the end-inspiratory strain of dependent

smin gradiat. Suai s nbomogencouly dnbutcd itk e
sy g Pros postoning stenucsdiffeeccs
\kprmkx\l . The reglonal ffecs of venlaory

- with
e hong injry.
SUPINE PRONE
o
vev PCv VeV PV
. — | | | ) o
) 5 > % ) 7z
Fig. 4. Differoce in srin between dependent 2+ g
and nondependent lung regions reached at dif: £ Fig. . Dymamic srsin in 2 postres and 2ven- 8 ]
ferent levels of delta transpul S 20 tilatory modes. EE, end expiration; EI, end insp- 3
(APtp). Data were obtained by calculating the @ ration. Whole slice is represented in bold. Verti-
diference between stnins on the regression 8 Gl s epresnt SE.
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Conclusion
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_ _— * La prone position induit une distribution plus
- 4/ homogéne du strain

J e — * Le mode ventilatoire n’a pas d’influence sur le
e =t . s - 2 — +  Fig. 6. Strain over time of  representative .
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Lung Stress and Strain during Mechanical Ventilation
DO n nées Cl | n |q ues for Acute Respiratory Distress Syndrome

Davide Chiumell
Federica Tallari

Eleonora Carlesso?, Paolo Cadringher?, Pietro Caironi'?, Franco Valenza'?, Federico Polliz,
Paola Cozzi?, Massimo Cressoni?, Angelo Colombo', John |. Marini?, and Luciano Gattinoni'2
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Figure 4. and aiway pr i in surgical control sublects, subjects, patints with acute lung injury
(AU) and patients with acute respiratory distres syndrome (ARDS). (4) The Atranspulmonary to aifway pressure relationship in 30 control subjects,
and (8) the Atranspulmonary 1o sifway pressure relationship in 50 patients with ALI/ARDS. In both panels gray sofd ines represent the reationship
observed in each individual subjects in the eight experimental conditions (L., four different Vi [6, 8, 10, 12 mUkg idea body weight], at two
sitive end-expiratory pressure (PEEP) levels (S and 15 cm H:0). A linear function (y = ax + yo) was used. Vertical dashed lines at 20, 30,
H,0 airway pressure were drawn to underline the large variabilty of the comresponding Atsnspulmonary pressure bath in control

Am | Respir Crit Care Med Vol 178. pp 346-355, 2008
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Lung Stress and Strain during Mechanical Ventilation
for Acute Respiratory Distress Syndrome

Davide Chiumello!, Eleonora Carlesso?, Paolo Cadringher?, Pietro Caironi'2, Franco Valenza'?, Federico Polli,
Federica Tallarini?, Paola Cozzi?, Massimo Cressoni?, Angelo Colombo', John J. Marini, and Luciano Gattinoni'?
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Figure 5. Lung stress at 6 and 12 mi/kg Vr IBW in patients with acute
lung injury (AL) or acute respiratory distress syndrome (ARDS) and
control subjects. For clarty, surgical and medical control subjects were
grouped together as were the patients with AU and ARDS (see the
online supplement for further detail). Individual values of lung stress
detected in patients with ALI/ARDS (solid circes) and in control subjects
(open cirdes) are reported, both at 6 and 12 mikg Vr IBW with positive

xpiratory pressure (PEEP) of S and 15 cm H,0. Black sobd fines
i values of each group. Dashed fines were drawn at king
stress of 10 and 15 cm H;0 to underiine the overlap of lung stress at
fferent Vi IBW and PEEP,

oo

Lung Stran

6mUkg 12mikg 6mikg 12muig
PEEP 5 cmi,0 PEEP 15 cmH.0

Figure 6. Lung stran at 6 and 12 mikg V1 IBW in patients with acute
lung injury (AL) or acute respiratory distress syndrome (ARDS) and
control subjects. For clarity, surgical and medical control subjects were
rouped together a5 were the patients with ALl and ARDS (see the
online supplement for further detail). Individual vakses of lung strain
detected in patients with AL/ARDS (sofid circes) and in control subjects
(open irdes) are reported, both at 6 and 12 mi/kg Vi BW with postive
end-expiratory pressute (PEEP) of $ and 15 cm H,0. Block sobid fines
epr mean values of each group. Dashed fines were drawn at lung
strain of 1 and 2 to underline the overlap of lung strain at different Vr
1BW and PEEP.

Lung Stress and Strain during Mechanical Ventilation
for Acute Respiratory Distress Syndrome

Davide Chiumello!, Eleonora Carlesso?, Paolo Cadringher?, Pietro Caironi', Franco Valenza'?, Federico Polli,
Federica Tallarini?, Paola Cozzi?, Massimo CressoniZ, Angelo Colombo’, John J. Marini, and Luciano Gattinoni'?

g a s ¢ Stress = Eipec X Strain
£ 2 i
H » => Ptranspulm = EwpecX AV /CRF
‘; * => Eipec = Ptranspulm /(AV /CRF)
£ ; =13.5cm H,0
00 06 08 10 12 14 16 18 20 22 24
Lung Svain

La relation Stress/strain est linéaire et identique chez tous les patients; cela
signifie que toute augmentation de P de 13,5 cmH20 double la CRF
Ce qui supporte le concept de Baby Lung dans 'ARDS

Am | Respir Crit Care Med Vol 178. pp 346-355, 2008

Am | Respir Crit Care Med Vol 178. pp 346-355, 2008

Lung Stress and Strain during Mechanical Ventilation
for Acute Respiratory Distress Syndrome

Davide Chiumello', Eleonora Carlesso?, Paolo Cadringher?, Pietro Caironi'?, Franco Valenza'?, Federico Polli2,

Federica Tallarini?, Paola Cozzi?, Massimo Cressoni?, Angelo Colombo’, John ). Marini®, and Luciano Gattinoni'?

* Nila pression plateau ni le volume courant ne sont des bons
prédicteurs du stress et du strain pulmonaire -> principaux
déterminants des lésions pulmonaires induites par la
ventilation

=> Stress = Esp (specific lung elastance) x Strain

Objectifs de la ventilation protectrice:

=>Strain max: < 2

*  Stress =13.5 x strain
=> Stress max: + 27 cmH20

* Vula r(-flaﬁon qui unit stress et strain, en pratique clinique mesurer I'un ou l'autre est
equivalent:

Strain = AV (Vol tidal+Vol PEEP)/CRF

=> Stress et strain garde-fou de la ilation protectrice?

Am | Respir Crit Care Med Vol 178. pp 346-355, 2008

Applications et bénéfices cliniques

* Le stress => mesure de la pression pleurale
* Le strain => mesure de la CRF
¢ Alternatives?

* Etla peep?
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Mechanical Ventilation Guided by Esophageal Pressure
in Acute Lung Injury

Daniel Talmor, M.D., M.P.H., Todd Sarge, M.D., Atul Malhotra, M.D., Carl R. O’'Donnell, Sc.D., M.P.H.,
Ray Ritz, R.R.T., Alan Lisbon, M.D., Victor Novack, M.D., Ph.D., and Stephen H. Loring, M.D.

La mesure de la pression

transpulmonaire

* Pour titrer la peep: éviter une P transpulm

négative en fin d’expiration

* Pour évaluer le stress pulmonaire: régler la

pression transpulmonaire de fin d’inspiration a

25 cmH20

Esophageal-Pressure-Guided Group

FI0, 04 05 05 06 06 07 07 08 05 09 09 10
Pl o 0 2 2 4 4 3 6 3 3 0 10
Control Group
Fi0, 03 04 04 05 05 06 07 07 07 08 09 09 09 10
PEEP 5 5 H 5 10 10 10 12 14 ¥ 14 1% 15 202

Figure 1. Ventilator Settings According to the Protocol.

For the intervention group, keep the partial pressure of arterial oxygen (PaO,) between 55 and 120 mm Hg or keep
the oxygen saturation, as measured by pulse oximeter, between 88 and 98% by using the ventilator settings in one
column at a time. Set the positive end-expiratory pressure (PEEP) at such a level that transpulmonary pressure dur-
ing end-expiratory occlusion (P..,) stays between 0 and 10 cm of water, and keep transpulmonary pressure during
end-inspiratory occlusion at less than 25 em of water. For the control group, keep PaO, between 55 and 120 mm Hg
(or keep oxygen saturation according to pulse oximeter between 88 and 983) by using the ventilator settings in one
column at a time. Set the PEEP and tidal volume at such levels that the airway pressure during end-inspiratory oc-
clusion stays at less than 30 cm of water. In both groups, apply ventilation with either pressure-control ventilation or
volume-control ventilation with a ratio of inspiratory time to expiratory time between 1:1 and 1:3 to minimize dys-
synchrony between the patient and the ventilator while achieving a tidal volume of 6z2 m per kilogram of predicted
body weight and a respiratory rate of 35 breaths per minute or less. Lung-recruitment maneuvers are permitted to
reverse episodic hypoxemia after suctioning or inadvertent airway disconnection, but not on a routine basis.
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As compared with the
current standard of
care, a ventilator
strategy using
oesophageal pressures
to estimate the
transpulmonary
pressure significantly
improves oxygenation
and compliance
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Table 4. Clinical Outcomes.*

Esophageal-Pressure-Guided
(N=30)

Outcome
28-Day mortality — no. (%) 507
180-Day mortality — ro. (%) 8(27)
Length of ICU stay — days.

Median 15.5

Interquartile range 108-28.5
No. of ICU-free days at 28 days

Median 50

Interquartile range 00-140
No. of ventilator-free days at 28 days

Median s

Interquartle range 00-203
No. of days of ventilation among survivors.

Median 120

Interquartile range 7.0-21.5

Conventional Treatment
(N=31)
1239)
16 45)

10
7.0-220

<0
00-160

7.0
00-170

160
7.0200

P Value
0055
013
016

050

Conclusion

* Une stratégie ventilatoire utilisant la Poeso
pour estimer la Ptranspulm ameliore
I'oxygenation et la compliance

* Nécessité d’études multicentriques pour voir
le bénéfice réel de cette stratégie

Intensive Care Med (2012) 38:395-403
DOI 10.1007/500134-012-2490-7 ORIGINAL

Salvstors Grasmo ECMO criteria for influenza A (HIN1)-

Pierpaolo Terragni

Alberto Birocco associated ARDS: role of transpulmonary

Rosario Urbino
Lorenzo Del Sorbo pressure
Claudia Filippini

Luciana Mascia

Antonio Pesenti

Alberto Zangrillo

Luciano Gattinoni

V. Marco Ranieri

ECMO criteria for influenza A (HIN1)-
associated ARDS: role of transpulmonary
pressure

* 14 pts adressés pour potentielle ECMO (H1N1)

* ECMO si Pa02/Fi02<70 malgré peep >15 +/-
DV+/-Noi ou pH < 7,25

* Mesure Poesoph (Stress pulmonaire)

* Ptranspulm = Pplat x (E /Eg)

* Si Ptranspulm < 25 cmH20 => Peep / pour
Ptranspulm = 25cmH20

15
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conclusion

Table 1 Individual values of PPLATgs and PPLAT, (cmH,0) ¢ Distinguer la mécanique pU|m0naire de la

Patient no._ECMO Patict o, No ECMO mécanique thoracique révele un groupe de
Conventional ventilation Conventional ventilation  Conventional ventilation and higher PEEP patients dont |’hypoxémie réfractaire au rég|age
PPLATgs PPLAT, PPLATgs PPLAT, PPLATgs PPLAT, . . A

: — —— o conventionnel du respirateur est due non pas a

H 1 e o Iom ie En une altération du parenchyme pulmonaire mais a

4 304 216 1" 318 159 386 273 . . . . ~

: B8 29 12 uoo s £ B3 une cage thoracique trop rigide qui empéche

7

Yensso GIET T30 Mems @105 16623 Wi Rax d’appliquer une pression suffisante au poumon

PPLATys end-inspiratory plateau pressure of the respiratory system, PPLAT, end-inspiratory plateau pressure of the lung, ECMO

Cxracomporesl mermbrang oxygenshon, S sandard devistion * Chez ces patients, atteindre une P transpulm de
25 cmH20 au lieu de la pression plat classique de
Titrating Peep to target a Pplat value of 25 cmH20 instead of a 30 CmHzo permet de corriger I’oxygenation

PplatRS of 30 cmH20 may optimize oxygenation and prevent
inappropriate use of ECMO

Measurement of esophageal pressure at bedside:
pros and cons It o d 16 20380137

DOI 10,1007/500134-016-4400-x

Laurent Brochard

Esophageal and transpulmonary @

Lack of clinical use

The main problem of the esophageal catheter technique is pressure in the clinical setting: meaning,

that it is not used clinically. The technique is underused in N

clinical settings for technical reasons but often by lack of usefu I ness and pers peCtIveS

knowledge about current application of physiology. Outcome Tommaso Mauri', Takeshi Yoshida®*#, Giacomo Bellani®, Ewan C. Golighe®”%, Guillaume Carteaux®®,

data are scarce, technical difficulties exist, and a solid Nuttapol Rittayamai'®' "', Francesco Mojoli'?, Davide Chiumello''%, Lise Piquilloud'*'¢, Salvatore Grasso'/,
physiological background is needed for a good Amal Jubran'®, Franco Laghi'®, Sheldon Magder'®, Antonio Pesenti" ™, Stephen Loring™, Luciano Gattinoni' ',
interpretation. All these aspects probably explain the Daniel Talmor, Luis Blanch”, Marcelo Amato, Lu Chen'"”, Laurent Brochard """, Jordi Mancebo”
relatively limited use of this technique. and the PLeUral pressure working Group (PLUG—Acute Respiratory Failure section of the European Society of

Intensive Care Medicine)

Curr Opin Crit Care 2014, 20:39-46
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Le strain

* Nécessite la mesure de la CRF ou de EELV
— Scanner
— Dilution de gaz
— Washin washout méthode (GE)

* Stress= k x Strain

La pression motrice (driving pressure)

* Compliance (C) = Vt/(Pplat-Peep)
* Pplat-Peep= Vt/C
* Driving Pressure (AP) =Vt /C

Volume
pulmonaire aéré

Strain dyn = Vt/ CRF+Peep

Manceuvres visant a diminuer la
driving pressure

* Réglage de la Peep

* Prone position en condition isocapnique
réduit DP

* Sedation et curarisation precoces
* Reduction de I'espace mort

* Augmenter la pause inspiratoire améliorerait
la clearance du CO2

* Ecco2r?

La notion de driving pressure

* DP =Vt/Crs,
=> bedside tool to estimate dynamic Strain

* DP est la variable ventilatoire la mieux
corrélée a la survie, >14 cmH20 => mortalité
plus élevée

* Prone position en condition isocapnique
reduit DP

* ECCO2-R to reduce DP is under investigation

17
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Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.
Laurent Brochard, M.O., Eduardo LV. Costa, M.D., David A. Schoenfeld, Ph.D.
Thomas E. Stewart, M.D., Matthias Briel, M.., Daniel Talmor, M.D., M.P.H
Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.

i oL s ]

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Caos RR. Caralho, M.0.
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The results showed that a lower DP was the ventilator variable the most

strongly associated to improved clinical outcome; any change in VT, VT/PBW,

Pplat, and PEEP affected clinical outcome only when modifying DP, which

appeared to be the strongest mediator of the effects of all ventilator settings

on survival.

e
Resampling A:
Vechad
o
28 » l"l/
%5 P<0.001 e
2% 2 2
i ! .
22 15
i -
£ @ 65 s w IR o s owm @ w
e o et bt
2% 20. 20 20
05
S ,
o
v H 15 22 25 0 3% i 1 1 *_r *,i_{ -
(10th-90th percentile) — AP (cm of water) } i } i }
mg/kg of a o a !
bady weight 60(s8-75)
EL I s o s as rom
5% 5 5% PRSI ERE R
A . <

Cortn, - T Gomn .
Nt ahars sy

Impressively, changes in Pplat led to improved survival when associated to a lower

DP, did not modify clinical outcome in case of unchanged DP and worsened
mortality if resulting in any DP increase.
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* Une augmentation de la Peep n’est bénéfique e —

que quand elle s'accompagne d’une diminution Research
de DP' JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT
* Une augmentation de pression plateau n’est pas Epidemiology, Patterns of Care, and Mortality
da ngereuse si DP reste constant (Strain dyn VS for Patients With Acute Resplratory Distress Syndrome
strain statique) in Intensive Care Units in 50 Countries
* DP est une evaluation du strain dynamique Gt MO, FEh Fosarn NP A oo, WO, P, il ey ML PR SR M
L, . Gnorﬁon Rubenfeld, MD, I.dsc':r;:yo: mon-oson’. M:J. :’;\"D. Hermann Wrigge, MD, PhD: Arthur S. Siutsky. MD, MASc: Antonio Pesents, MD:
* Rapporter le Vt au parenchyme aéré (cad la e LINS AT st gos and e ST oo

compliance) semble plus logique que de le
rapporter au PBW

JAMA. 2016.315(8).788-800.

Tabled. i
Figures. With Acute Respiratory Distress Syndrome*
. Patients of No. (%) [95% 1]
[T[ ® Al Mild* Moderate* Severe*
0 0 (n=2377) (n=498)  (n=1150) (n=729) P Value®

= ‘ Neuromuscular 516 (21.7) 34 (6.8) 208 (18.1) 274 (37.8) <.001

3 w} i o blockade 120.1-23.4) [48-94)  [159-204) (34.1-41.2)

3= I E * ¥ . Recruitment 496 (20.9) 58 (11.7) 200 (17.4) 238 (32.7) <.001

el i P z maneuvers (192226)  {90-148) (152.197) {293362)

3 3, Prone positioning 187 (7.9) 5(1.0) 63 (5.5) 119 (16.3) <001 Abbreviations: ARDS, acute

H ze} 2 (68-9.0] 0323]  [(4270) (137-192) respuratory distress syndrome;

“ = B A Martaity ncreased with ncreasng ECMO [726 &231 (10(:.51)l o [117 éz;z] ;‘a g“:é] <001 Z::z::ﬂ:::v’;‘m"‘
Mda 0 12 15 1 2 wesn 15 20 24 37 31 Qunblesofdrvingpressurecn frst -4, .05- 3.4 -8, ion; HFOV, high frequency
Rage (3-10) (1113) (14-16) (17-19) (20-25) Range (14-17) (1821) (2225) Q628 @9-ss) Ay O ARDS.B. The relationship Inhaled vasodilators. 182 (7.7) 17 (3.4) 70 (6.1) 95 (13.0) <001 oscitatory ventiation: PEEP. pasitive

Driving Pressure, cm H0 Plateau Pressure, cm H, between mortaiity and quinties of [6.6-8.8) [02.0-54] [4.8-7.6) [10.7-15.7] end-expiratory pressure.
. - . N . platuau pressure  provided HFOV 28012 3(06) 14(12) 10.5) 347 * For this analysis, ARDS severity was
Nodmmas 15 M 1M 0 s Nadmtem MW M5 1% comprson Srorbas oo 080 0117 (0730) {083 dufinad basedon the patents.
confidence rterve.
None of the above 1431 (60.2) 397 (79.7) 750 (65.2) 284 (39.0) <.001 worst severity category over the
" " | . . . h e 58.2-62.2] [75.9-83.2] [62.4-68.0) [35.4-42.6) course of their ICU stay in patients.
Higher survival was detected in patients with DP 14 cmH20. In addition, a Esophagealpressure 19 (0.8) 204) 8007 9(12) 3 who developed ARDS on day 1r 2
linear relationship between quintiles of DP and ICU mortality was :““‘:‘" [:)‘;‘“‘];‘) :‘;“(;'s‘)” ‘l"s:(‘l;’ﬂ [:;:121:]» = Pk rapresnt compuecns
o . racheostomy I across the ARDS severity categories
documented, thus hypothesizing that, although DP>14cmH20 can predict a [11.6-14.4) (7.1:126)  [116-156) (12.1-17.3) for each variable.
worse outcome, a well tolerated threshold for such parameter is yet to be o dose B T oA ey “Hgrdom kst
N o . o ined as doses that were equal
identified. It must be noted that the design of the study, aiming at Pulmonary artery [m? u.s]) (9(1 8) ; 2 [ s)] (ts . n] 001 .,,o,,e,t,m..,,.,.,,qn.flm
o . Ny N R . catheter 37-54 083.4)  (3.4-6.0] 45-8.2
describing ARDS management in a wide variety of institutions and outside ~ Recognition of ARDS o
the procedures of rigorously designed clinical trials, corroborates the ARDS was underdiagnosed, with 60.2% of all patients with
relevance, the external validity, and the reproducibility of the ‘driving ARDS being clinician-recognized. Clinician recognition of
hl . h linical . ARDS ranged from 51.3% (95% Cl, 47.5%-55.0%) for mild
pressure approach’ in the clinical setting. ARDS to 78.5% (95% CI, 74.8%-81.8%) for severe ARDS
(eTable 4 in the Supplement). Clinician recognition of ARDS
at the time of fulfillment of ARDS criteria was 34.0% (95%
JAMA. 2016:315(8) 788-800.1 €1, 32.0-36.0), suggesting that diagnosis of ARDS was fre- JAMA. 2016:315(8)788-800.1
quently delayed.
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Conclusions

Among ICUs in 50 countries, the period prevalence of ARDS
was 10.4% of ICU admissions. This syndrome appeared to be
underrecognized, undertreated, and associated with a high
mortality rate. These findings indicate the potential for im-
provement in management of patients with ARDS.

JAMA. 2016.315(8).788-800.

En conclusion

Stress et strain sont des déterminants majeurs des VILI
Strain et stress ne peuvent étre prédits a partir de Vt et
Pplat

Stress et strain sont difficiles a mesurer en pratique clinique
courante

Une pression plateau limitée a 30 cmH20 sur évalue parfois
le stress pulmonaire alors que un Vt de 6ml/kg sous évalue
parfois le strain (baby lung)

Une meilleure reconnaissance de I’ARDS, une meilleure
application des recommandations internationales seraient
déja un premier pas vers une amélioration de la prise en
charge

La mesure de la pression motrice (driving pressure) pourrait
étre une alternative a la mesure du strain dynamique
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