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Excluded from the talk

Ventilatory modes
- APRV
- HFO

Drugs

- Surfactant
- PLV

- Steroids

- Almitrine

Other adjuvants
- RV performance
- Nutrition

- Fluid balance

- Physical therapy
- Prevention and treatment of VAP..
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3erlin definition

Ferguson et al. Intensive Care Med 2012



PEEP 5 cmH20 ?

MILD ARDS at clinical PEEP
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Caironi et al. CCM 2015



s it really a moderate-to-severe ARDS?




Mortality and hypoxemia

JAMA 2012



Patient Survival to Day 90

ARDS, n=2183

Severe ARDS, n=380

\

46% Mortality




Variable

pH

PaO, (mm Hg)7

PaCO, (mm Hg)T

Bicarbonate (mmol/liter)i:

Base excess of blood::

Lactate concentration (mmol/liter)
Sa0, (%)}

Hemoglobin (g/dl)§

75k

29.5
12.3
10.5
-6.3

2.0
68.1
20.2

Subject No.

2 3

7.45 7.52
19.1 21.0
15.7 15.0
10.67 11.97
-9.16 -6.39

2.0 2.9
344 43.7
18.7 18.8

7.60
28.7
10.3

9.87
-5.71

1.8
69.7
19.4

Group Mean

i
24.6
13.3
10.8
-6.9

2.2
54.0
19.3




Michael et coll. ATRCCM 98



[LI prevention

Dreyfuss & Saumon AJRCCM 98



cond-hit

erimental data

* Injured lungs
- & edema: synergy ANTU - Vt 45 ml/kg

* Healthy lungs

- LPS + MV

Altemeier et al. Am J Physiol 2004




Late intubation is associated with
worse outcome



Late-
Intubation 8% Kangelaris et al. CCM 2016

Never-
Intubated

15% B |nitially Non-

Intubated
o l NS
0% ====60 Day Mortality
Earl %
y-

Intubation Day 1-4 ‘ Day 2 ‘ Day 3-4 ‘

Proportion of Patients
= MW g U oy ~J

77%

Never- Late-Intubation
Intubated

ARDS, N=457 Timing of intubation

o
o -

—

025 050 0.75

Log-rank P = 0.004

0.00



Optimization of ventilator
settings



dal volume reduction
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Lungsafe study

Tidal volume is higher than
7 ml/kg in 53% of the
ARDS patients!



neficial effects

B Vt=6 mlkg
B Vi=12 mlkg

ARR = 8.4%
95%Cl: -3 to 22%

Pplat
100
1o
200
(99)

ARR= 153 %
85%Cl: 2 10 30%

ARR = 4.3%
95%Cl: -8 to 17%

ARR = 2.9%
95%Cl -11 to 17%

Ppat
203

to
247
(99)

2

Ppiat
25.0

10
283
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3

Quartile of Pplat

Pplat
290
to
47.0
(87)

4

Hager et al. ATRCCM 2005




duction Vt in the real life..

N = 88 ALI
2000-2002

% of subjects

Kalhan et al. CCM 2006
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Pplat at D1 — mortality from the ARMA study

Pplat 28-30 cmH20







Gattinoni et al. Intensive Care Medicine 2016




overdistension

Pplat max

/

4

“More safe”

A S

derecruitmen: \

PEEP min



distribution and PEEP

ratio upper lung regions/lower lung regions

2,5 1

2,0 -

1,0 -

Gattinoni et al. ATJRCCM 95
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/t PEEP and recruitment

recruitment
12 - ‘derecruifment

Gattinoni et al. ATJRCCM 95

10 -

PEEP



/t, PEEP and recruitment

1r'ecr'ui1'men'r
12 J derecruitment

Gattinoni et al. ATJRCCM 95
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gh/Low PEEP
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Briel et al. JAMA 2010

Moderate or severe ARDS



PEEP versus FiO,

ALVEOLT High PEEP

ALVEOLT Low PEEP






High PEEP = decrease lung inhomogeneity and prevention in intratidal
collapse and reinflation ?

But negative trials
« High PEEP
* HFOV
* RM

Either the atelectrauma is less important than currently believed or the
pressures currently used in the “higher PEEP” protocols are insufficient to
prevent its occurrence

Mechanical ventilation at 30 cmH20 of plateau pressure and 15 cmH20 of
PEEP “opens the lung and keeps it open” ?






e Intratidal collapses were similar at PEEP
and 15 cmH20

ims of lung tissue undergoing intratidal collapse and reinflation at PEEP 5 cmH20 and PEEP 15 cmH20 at constant tidal volume



Nng iInhomogeneities and PEEP



A PEEP et A P trans-pulmonaire

- Standardisation durant 3 jours

The primary end point of the study was arte-
rial oxygenation, as measured by the ratio of PaO,
to F1O, (Pa0,:F10,) 72 hours after randomization.






Amato et al. NEIM 2015



Amato et al. NEJM 2015



Bellani et al. JAMA 2016



Bellani et al. JAMA 2016






lds for Barotrauma across quintiles of driving
2ssure or Vt

Amato et al. NEJM 2015



Adjuvants for severe ARDS



ysiological effects of neuromuscular blockers

Lagneau et al. ICM 2002

PaO2/FiO2 *



fect of cisatracurium on oxygenation

225 -

200 -

175 -

150 -

125 -

100

PaO2/FiO2

M
i NMBA/placebo

baseline 24h 48h

4 ICUs - 56 patients

72h

96h 120h

Gainnier et al. Crit Care Med 2004



fect of cisatracurium on oxygenation

225 -

PaO2/FiO2
K
200 - T
175 -
p=0.014
150 -
125 - |
|
H —O— control group
! NMBA/pIaceboi p <0.001 —8— NMBA group
100 . :
baseline 24h 48h 72h 96h 120h

4 TCUs - b6 PafienTS Gainnier et al. Crit Care Med 2




Gainnier et al. Crit Care Med 2004



PaO,/FIO, (mm Hg)

275 A

250 A

225 A

200 -

175 -

150 -

125 -

100 -

Forel et al. CCM 2006

—sv— Control group (n = 18) * T
—&— NMBA group (n = 18) T

.002

Study drug administration

75

Inclusion 24 h 48 h 72 h 96 h 120 H
Time
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ortality ACURASYS

T

Gainnier et al. CCM 2004

Forel et al. CCM 2006 +




Important methodological aspects (1)

* Prospective, randomized, double-blind study

vs. placebo

+ Vt 6-8 ml/kg, Pplat ¢ 32 cmH20

- Inclusion criteria:

PaOZ:Fir'




Important methodological aspects (2)

* Prior to infusion : Ramsay 6

+ Cisatracurium: 6 x 150 mg / day for 2 days

- Volume-assist control mode

+ PEEP and FiO2 according to the ARMA study

* | Weaning started on day 3 if FiO2 < 0.6




ACURASYS

lung vsw,+mn:o= weaning

Stop NMBA + —>




ACURASYS
eumothorax

%014 -

12 -

mmm NMIBA
mw placebo

10 -

8_

61 0.01

4_
2-
0_




Unadjusted day 90 mortality

NMBA placebo



ralytics
10

09—

Bl NMBA
0,8= B placebo
07—

06—
054 Cox multivariate proportional hazards model
- Plateau pressure (predefined)
047 - SAPS II (predefined)
0ad PaO2:FiO2
| NMBA 0.68 (0.48-0.98), p = 0.04
0,27 Plateau pressure, P=0.04
01— SAPS II, P=0.004
PaO2:Fi02, P=0.78
0,05 1 I |




Mortality according to P/F ratio



Evaluate the inflammatory response that may
be modulated by cisatracurium using a rat and
mouse model of lung injury

Nicotinic acetylcholine receptors mediate
proinflammatory effects in a variety of cell types

Nicotinic acetylcholine receptors are antagonized by
cisatracurium

Fanelli et al. Anesthesiology 2016
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Conclusioﬁs: The use of NMBA is lung protective
through its antiinflammatory properties by blocking
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Enrolled with esophageal

Severe ARDS  me— pressure monitoring
n=6 n=30
Moderate ARDS
Severe ARDS n=24
receiving cisatracurium
n=6
Moderate ARDS Moderate ARDS
receiving cisatracurium not receiving cisatracurium

n=13 n=11
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APL (e¢m H20)

1

12

10

3

Tim

O controls p=0
Cnea  p=0.

T
H+48



mparisons or averages over the 48 h In each
ient of Pplat, PEEP tot, AP, PL insp, PL exp, anc
L



Paw [cmH20]
R

Volume Pressure

controlled support E
PEEP (cmH,0O) 15 15 é
Vt (ml’kg PBW) 4 6.5
RR (bpm) 10 21 ig
Ppeak (cmH,0) 37 24 >
ECMO GF (I/min) 6.5 11.0
pH 7.42 7.47
PaO, (mmHg) 63 63

PaCO, (mmHg) 45 37



ing
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o McAuley et al. Intensive Care Med 2002
PP duration

p<0.05



P duration
300 -

250 -

200 -

150 -

100 - 55+7 h

50

SP-12h SP PP+2h PPend SP+2H SP+12h



Meta-analysis



Slide provided by C. Guérin




* Mean P/F ratio, 100 mmHg
* 4 sessions of PP (173 h)



PROSEVA

ARDS intubated for < 36 Hrs

Confirmed after 12-24 hours
Severity criteria PaO,/F,0, < 150mmHg + PEEP = 5cmH20 + F 0,2 0.6 + VT 6 ml.kg"' PBW

Inclusion and randomization
SP PP in the hour after randomization
LPV

VT 6 mlLkg' PBW, Pplat,zs= 30 cm H,0, PaO2 55-80 mmHg or SpO2 88-95%, PEEP/F,O,table
Sedation+analgesia+NB

l

Pa0,/F,0,> 150 mmHg + PEEP < 10 cmH,0+ F,0,< 0.6

l

Stop sedation, NB, PP

|

PEEP weaning: PEEP taperedto 5 cmH,0 in 20 min

l

Weaning in Pressure Supportventilation
PS 20 cmH,0 tapered by 5 cmH,0 to PEEP 5 cmH,0 + F,0,0.5

Extubation if PS 5 cmH,0O F,0,0.5 PEEP 5 cmH,O well tolerated




Sud et al. CMAJ 2014



D28 mortality, 16.0%

D90 mortality, 23.6%

D2 rtality, 32.8%
8 mortality. ° D90 mortality, 41.0%



ects of PEEP and PP on cyclic recruitment/derecruitm
tidal hyperinflation

All 24 patients



Only the 10 patients with low lung recruitability

Cornejo et al. ATRCCM 2013
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PP should be done by well-trained
ICU teams

Guérin et al. JAMA 2004




Rescue therapies



‘nhaled NO

* Endogenous NO (50-100 ppb upper airways)

- Additive effects (PEEP, almitrine, PP, HFO ..)
- RV dysfunction

* Anti-inflammatory effects...

- Easy to start..



Rebound
effect

*p <0.05 vs pre-INO
T p <0.05 vs control

Chen et al. AJP 2001
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Daily re-evaluation of the dose

Effect (%) on PaO,/FIO,
100 -
Control Group
80 -
60 -+ -Day 0
‘ ——Day 2
40 - —4-Day 4
20 -
o - |
-+ Day0
—&— Day 2
& Day 4

0 0,01 0,1 1 10 100

INO (ppm)



Dellinger CCM 98
Lundin ICM 99

44/41
68/66
23/21



{ello boss! I'm sorry.. the P/F ratio is still
1t 60!






Death or dependency et 6 months

Peek et al. Lancet 2009



ECMO centers Non-ECMO centers

Hypoxemia * Hypoxemia

- PaO2/Fi02<50 - Pa0O2/Fi02<70

- PEEP>15-20 cmH20 - PEEP>15-20 cmH20

- + PP +/-iNO + Injurious MV

Injurious MV - PaO2/Fi02 70-100 (Fi02-1)

- PaO2/FiO2 70-100 (Fi02=1)
- Pplat > 35 cmH20

- Pplat > 35 cmH20

- And/or respiratory acidosis

- And/or respiratory acidosis (pH < 7,15
(PH <« 7.15) - Despite N PEEP
- Despi'l'e N PEEP - Despi.'.e N Vit

- Despite N V+t



ESERVE score: PRedicting dEath for SEvere ARDS
VV-ECMO



)ne position is not always used prior ECMO

Paris/Bordeaux | ECMOnet ANZ Provence/Alps | Paris/Sidney

Amiens ECMO Corsica Melbourne

N 140 60 68 85 168
Prone pos, % 59 27 20 45 26
iNO, % 91 17 32 60 44
HFOV, % 1 7

Schmidt et al. Intensive Care Med 2013

Ul
Ul
N

Patroniti et al. Intensive Care Med 2011

ANZ ECMO JAMA 2009

Roch et al. Intensive Care Med 2014

Schmidt et al. Crit Care Med 2015



=CMO: key points

+ Even in specialized ICUs, indications are rare

- Side effects

- Specificity of MV settings

- Learning curve

+ = dedicated specialized ECMO centers




12%

0

<24 cmH,0 e =3 <2ml/kg
@@ 24-27 cmH,0 &3 2-4 mikg
@8 28-30 cmH,0 B 46 mUkg
08 >30omH,0 3 > 6mlikg

6% S

Pre-ECMO Day 1-3 Pre-ECMO Dav 1-3




Inter-hospital

transport under
ECMO

UMAC-UMAREC

Unité Mobile d’Assistance
Respiratoire Extra-Corporelle



Outcome measures

Primary

Death or severe disability at six months (defined as death
by 6 months or before discharge from hospital at any time
to end of data collection, or where the answer to the first
two questions of the Euroqol questionnaire (EQ5D) are
‘confined to bed' and 'unable to wash or dress yourself).

N =180

Peek et al. Lancet 2009



Higher annual hospital ECMO volume
is associated with lower mortality

1 -

Barbaro et al. ATRCCM 2015

0 10 20 GO 40

annual hospital ECIVIO volume

adjusted odds of in-hospital death

O O O O
O N A O
|




deux mots

N iatrogénie

N Vi

N objectifs PaO2 et PaCO2
SDRA sévere

- Personnalisation PEEP
- Limitation pression de plateau

- Curarisation de courte durée
- DV

laurent.papazian@ap-hm.fr






Outcome measures

Primary

Death or severe disability at six months (defined as death
by 6 months or before discharge from hospital at any time
to end of data collection, or where the answer to the first
two questions of the Euroqol questionnaire (EQ5D) are
‘confined to bed' and 'unable to wash or dress yourself).

N =180

Peek et al. Lancet 2009









Recrutement = N mortalite ?









PAM 70 mmHg
DH 100 ml

IC 4 |/min/m?
POAP 12 mmHg




NIH NEJM 2006



The New England Journal of Medicine

EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

EmanueL Rivers, M.D., M.P.H., BryanT NGuyen, M.D., Suzanne Havstap, MLA., JULIE RESSLER, B.S.,
ALEXANDRIA Muzzin, B.S., BERNHARD KnosLicH, M.D., EbwarD PeTersoN, PH.D., AND MicHAEL TomianovicH, M.D.,
FOR THE EARLY GoAL-DIReCTED THERAPY COLLABORATIVE GROUP*

KAPLAN—MEIER ESTIMATES OF MORTALITY AND CAUSES OF IN-HOSPITAL DEATH.*

EARLY
GoAL-DIRECTED
STANDARD THERAPY THERAPY RELATIVE Risk
VARIABLE (N=133) (N=130) (95% Cl) P VALUE
no. (%)

In-hospital mortalityt

All patients 59 (46.5) 38 (30.5) 0.58 (0.38-0.87) 0.009

Patients with severe sepsis 19 (30.0) 9 (14.9) 0.46 (0.21-1.03) 0.06

Patients with septic shock 40 (56.8) 29 (42.3) 0.60 (0.36-0.98) 0.04

Patients with sepsis syndrome 44 (45.4) 35(35.1) 0.66 (0.42-1.04) 0.07
28-Day mortalityt 61 (49.2) 40 (33.3) 0.58 (0.39-0.87) 0.01
60-Day mortalitvf 70 (56.9) 50 (44.3) 0.67 (0.46-0.96) 0.03



Rivers et al. NEJM 2001

Expansion volémique
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Take-home message
Limiter la iatrogénie
Réduction volume courant
Plusieurs profils de patients

Approche globale

- Ajuster la PEEP en fonction de la présentation
morphologique

- Limiter pression de plateau

- Curariser tot mais briévement les plus hypoxémiques

- Eviter dérecrutement

- Limiter les objectifs d'oxygénation

Le reste...



Technique

= mPaW etFlO2-> recrutement alvéolaire

= AAPet NFR> A amplitude oscillations

Circuit expiratoire
60 ml

3/ 6o ml

Circuit inspiratoire

-> Oxygénation
-> Epuration CO2

Valve pneumatique

6o ml Q

aueIqWIdN

Gaz
Débit FIO2



Recrutement et courbe P/V

UIP\

Pelosi et al. ATRCCM 2001



Différences entre VC et HFO

Fréquence respiratoire, cycles/min 5-150 180-900

Volume courant, ml/kg 3-10 0,5-4
AP alvéolaire, cmH20 10-30 0,1-5



Valve

Phase II Sonde Oscillateur

Patient

Derdak et al. ATRCCM 2002 Débit continu

+ USA et Canada

- n=148 en 3 ans

- SDRA < 200 a PEEP 10

- exclusion: FiO2 > 0,8 / 48 h

- randomisation vs VM conventionnelle



Résultats

Proportion of Suryiors

Mortalité HFO

J30 p=0,057
6 mois

p=0,078
TSI TS SIS TS

///////////4 “

Ccv

T T T T T T T T 1
O 10 20 30 40 50 60 70 80 9O

Days After Randomization

Derdak et al. ATJRCCM 2002



3 Supine-HFOV 12 h n =>
a
o
Swpine-CV 12 hn = b g Prone-HFOV 12 h n = b
3
=4
Inclusion S ||Prone-CV 12 h n = 13
pressure-volurne curve
CTscan

Hemodynamic and respiratory measurements
+ cytokines (blood - BAL) + cytology (BAL)

Papazian et al. Crit Care Med 2005



PP
HFO+PP

HFO



{ypoxémie au cours de I'HFO

Perfusion Ventilation

G D G D



Importance du type de SDRA

N=15 N=15 N=15 N=15

avant HFO apres 6h HFO



DV et recrutement

2809 Pa02/FI07 X

260 - fin Dv
@® (Vprone-HFOVsupine

240 - V¥ CVprone-CVsupine iy
O CVsupine-HFOVsupine

/ TS \I
220 - ~—
/ avec HFO

200 -

180 -
160 -
140 - sans HFO

120 -

100

End optimization 12 h 24 h



Ferguson et al. NEJM 2013



Ferguson et al. NEJM 2013



Ferguson et al. NEJM 2013



Young et al. NEJM 2013



Young et al. NEJM 2013



Young et al. NEJM 2013



Interventional Lung Assist

Novalung® sans pompe

Canule artérielle

Canule veineuse + large de 2 Fr
Membrane en polymethylpentene
TCA 1,5

PAM > 70 mmHg

Efficacité PaCO2 +++
Efficacité PaO2 +

b

02 12 I/min



Efficacité ELA



“Therefore, according to the current data, interventional lung
assist should probably not be used in patients with the most
severely impaired oxygenation or in patients with reduced

cardiac output.”
Miiller et al. Eur Respir J 2009

“ In haemodynamically unstable patients requiring high
doses of vasopressors (noradrenaline 0.4 ug/kg/minute or
higher) or 1n patients with severe hypoxaemic ARDS, a
pump-driven ECMO 1s still the rescue measure of choice.”

Zimmermann et al. Crit Care 2009




Que sont-ils devenus ?
12-50 mois aprés ECMO

Reprise activité: 76%

TDM

- Opacités réticulées: 76%

- Opacités en verre dépoli: 24%

- Normal: 14%

- Etendue des anomalies: 10% du parenchyme



"Optimisation”

Facteurs de mauvais pronostic a l'inclusion

- analyse univariée
* PaCO;
- DVA avant arrivée
- Nb défaillances viscérales
- SAPS II

- réponse a l'optimisation

- analyse multivariée
- SAPS II

* réponse a |'optimisation



"Optimisation”

* NR : & Nb de défaillances viscérales p < 0,05

OR
B NR

ECCO2R+ ECCO2R-

vivants décédés



ECMO centrale ECMO peéripherique



Déterminants de l'efficacité sur

I'oxygénation
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iLA blood flow L-min-1
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Haemoglobin g-dL-1



-fficacité ILA



SOFA

Age Mechanism and Severity of Trauma PR nterventions before ECLS 155 Pa0; PaC0;
a7 Car driver collsion Y L Splenectony and 50 16 56 68
hepatorrhaphy
1. Bilareral hbemothoraces 2. Wedge resection of RLL
2 Uiver laceration grade Ul 3. Repair of diaphragmatic
hemia
3. Spleen Liceration grade Il
4. Occult colon perforation
5. Pelvic fracture
6. Right radioulnar open fracture
7. Subarachnoid hemorrhage
8. Rhabdomyolysis
9. Cardiac contusion
25 Pedestrian crushed by truck N L Right bi-lobectomy 43 3 o4 82
1, Rilateral hemopneumothorax 2, Hepatorchaphy
2. Liver Lceration grade 1l
3. Stable pelvic fracture
4. Urethra injury
5. Renal contusion
8 Car driver collision N 1. Bronchosxcopy %0 ? 43 58
1. Right bemopaeumothorax and bilateral lung contusion 2. One-lung ventilation
2. Bromchial bemorrhage 3. Pulmonary artesy
emboitzation
3. Liver laceration grade IV
4. Cardiac contusion
5. Tear drop fracture of athas
38 Motorcyclisz collision N 1, Bronchoscopy 43 8 45 49
1, Main bronchial disruptien and tension bemopaeumothorax 2. High frequency jet
ventilation
2. Brain coatusion with Intracranial hemoerhage. 3. Tube thoracostony
3. Multiple ribs fracture
4. Right femoral shaft fracture
5. Right zygomatic fracture
a5 Motorcyclist collision N Tube thoracostomy 35 16 a 45
1 Right Bemapoeumaothorax
2. Cardiac contusion
3. Right clavicle fracture
4. Right humerus fracture
5, Lefy tibial open fracture
6. Alcoholic bver cirrhosis, child A
35 Motoccydlist collision N L Right lung, bi-lobectomy 45 8 a2 78
1. Right bemothorax with pulmosary destruction 2. Pericardistomy dratnage
for tampomade
2. Left traumatic pneumothorax
3. Multiple rib fractures
4. Cardiac contusion
43 Motorcyclist collision N 1. Tube thoracostomy 50 13 52 86
1, Bilateral hemothorax 2. External fixation of night
femoral shaft fracture
2 Pneumomediastimum
3. Multiple rib fracture (Aal chest)
4. Femoral fracture, open type Il
5. Brain coatusion, unconscious for 6 h
37 Chest stabbiag Y Wedge resection of RLL 42 16 3l 80
1. Right lower lobe laceration with massive hemathorax
2 Hypothermia (34,1 *C)
3. Metabolic acidosis
4. Brain coscussion
28 Car driver collision N 1. Laparotomy 43 1 5% 52
L Traumatic aortic pseudoaneurysm 2. Trans-artenial
embolization of hepatic
atery
2 Bilateral hemopneumothorax 3, Hemi-arch aortic
replacement

3. Liver laceration grade 3 with hemoperitoneum

4. Duodenal and coloa contusion with mesocoloa tear
5. Fracture of left zygoma and maxillary sinus,

6. Fracture of tramsverse peocess of L1 and 12

7. Fractuze of left acetabulum and patella

8. Cardiac contusion

Patients a haut risque

hémorragique

Huang et al. Resuscitation 2009



nterventions durant AREC

Indication Trauma to ECLS (h) Entry criteria ECLS Mode ECLS Flow (L/min) IABP Use Procedures during ECLS (h s/p ECLS deployment)
1 ECPR 47 F VA 45 N Repair of colon perforation (4)
2 Hypercapnia 384 S VvV 4 N None
3 Hypoxemia 33 F \AY 4.4 N Bronchoscope for blood clot evacuation (168)
4 Hypoxemia 10 F ATAY 43 N External fixation of femoral fracture (10)
5 Hypoxemia 48 S \'AY 52 N Chest wall necrotizing fasciitis debridement (201)
6 Hypoxemia 6 F \AY% 44 N Explore laparotomy (12)
7 Hypoxemia 21 F \AY 53 N None
8 ECPR 4 F VA 44 Y Explore thoractomy for hemothorax twice (12 and 53)
9 Hypoxemia 175 S \'AY 52 N None




Wodification parametres de VM

Zimmermann et al. Crit Care 2009

Pre-iLA 2 hours after insertion

PaO,/FiO,

PaCO, (mmHg)
Arterial pH

MAP (mmHg)
Noradrenaline (ug/kg/minute)
iLA-flow (L/minute)
FiO,

MV (L/minute)

Vy ml/IBW

RR (breaths/minute)
P it (€mH,0)

PEEP (cmH,0O)

75 (62 to 130)
73 (61 to 86)
7.23 (7.16 to 7.30)
73 (65 to 80)
0.16 (0.04 to 0.35)

1(0.8to 1.0)
11.5 (9.3 to 12.5)
6.6 (5.3 to 7.2)
25 (22 to 27)
35 (31 to 38)
17 (14 to 20)

102 (70 to 127) *

44 (36 to 54) **

7.38 (7.32 to 7.46) **

83 (756 t0 91) ™

0.11 (0.08 to 0.28)

1.8 (1.6 to 2.0)

0.8 (0.7 to 1.0) **
8.6 (6.4 to 10.5) **
5.0 (4.0t0 6.4) **

23 (20 to 30)
34 (30 to 37)
15 (11 to 19) *



Le petit manuel du parfait ARDSologue

Limiter la iatrogénie
Réduction volume courant
Plusieurs profils de patients

Approche globale

- Ajuster la PEEP en fonction de la présentation
morphologique

- Limiter pression de plateau

- Curariser t6t mais brievement

- Eviter dérecrutement

- Limiter les objectifs d'oxygénation

Le reste..



Mechanisms potentially involved






Time from inclusion to pneumothorax

10 1 N

B placebo
[ NMBA

8-14 >14 days



Elastance, sedation and NMBA

J sedation [ - sedation + NMBA
cmH20/|

16
14-
12+
10-

O N H» O O

lung chest



Wortality d90 and plateau pressure on
nclusion

X 7 o NMEA 0.06 by Mantel-Haenszel
= m= placebo RR 0.76 (0.57-1.00)
wid
£ 50 -
©
5
40
=

20 -

10 -

<24 224
plateau pressure



Befort et al. SRLF 2011

Pourcentage d’événements avec Pmin
hors consigne de PEEP réglée sur le ventilateur



Pourcentage d’événements avec des volumes courants mesurés
inférieurs a la consigne de réglage du volume courant sur le ventilateur



rotéine C activée

24 mg/kg/h for 96 h et placebo

Placebo APC

(n = 38) (n = 37) P Value
Ventilator-free days, median (IQR) 19 (0-24) 19 (14-22) 0.78
Death by Day 60, n (%) 5 (13.5) 5(13.5) 1.00
Ventilator-free days among survivors, 21 (5-25) 20 (16-23) 0.36

median (IQR)

Organ failure—free days, median (IQR) 23 (14-27) 23 (16-27) 0.46
Cardiovascular failure, median (IQR) 25 (20-28) 26 (23-28) 0.30
Coagulation failure, median (IQR) 28 (28-28) 28 (28-28) 0.57
Renal failure, median (IQR) 28 (18.5-28) 28 (28-28) 0.41
Hepatic failure, median (IQR) 28 (27-28) 28 (28-28) 0.36

Liu et al. AJRCCM 2008
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BTTF



103 services participants

Plus de10 000 patients screenés (60
services)

557 admis en réa. atteints de grippe A/
H1N1

420 patients ventilés (75%)
328 SDRA

Cas enregistres au 15 Mars 2010



rise en charge et pronostic

% des Canada Mexico

admissions JAMA JAMA
réa 2009 2009

VM 64,6 76 75,9 74,5

Déces 16,9 17,3 41 19



ECMO centrale ECMO peéripherique



ECMO .

; équipe chirurgie cardiaque disponible 24/24h







-omplications

+ Thrombopénie
+ Heémolyse
» Activation

- C

- GB



Aspects pratiques

- TCA 1,5
+ Objectif: 40-50% du débit cardiaque
- 2 abords veineux afférents si

- Hyperdébit

- Hypoxémie trés sévere



ECMO

Diminution des parametres de CEC
N Débit, vitesse de pompe, FIO2, balayage

Reprise ventilation mécanique
2 FR, Vi, N PEEP, 2@ N FIOZ2

Retrait des canules



Extracorporeal Membrane Oxygenation for 2009
Influenza A(H1N1) Acute Respiratory Distress Syndrome

The Australia and New Zealand Extracorporeal Membrane Oxygenation

(ANZ ECMO) Influenza Investigators
JAMA. 2009;302(17):1888-1895 (doi:10.1001/jama.2009.1535)

Etude observationnelle sur 3 mois

201 patients Grippés sur 15 Réanimations
2,6 ECMO/ million d'habitant

Critéeres de mise sous ECMO: non connus

ANZ ECMO JAMA 2009



Table 1. Comparison of Patients With Influenza A Who Received ECMO and Those Who
Received Mechanical Ventilation But Without ECMO at ECMO Centers?

Mechanical Ventilation

ECMO But Without ECMO P
Parameter (n=61) (n=133) Value
Age, median (IQR), y ‘ 36 (27-45) 44 (31-54) 02
Male sex 29 (48) 63 (47) 54
BMI, median (ICR) 29 (23-36) 20 (24-37) 92
Chronic lung disease 8 (30) 35 (26) 64
APACHE Il comorbidity® - 5 (8) 30 (23) 02
FPregnancy or postpartum 0(16) 29 21
Diabetes mellitus 9 (15) 23 (17) 64
H1N1 positive 56 (22) 107 (80) 05
At 1CL admission
Mechanical ventilation 53 (87) 117 (88) 80
Vasopressor ‘ 35 (57 46 (34) 02
Renal replacement therapy 5(8) a7 85
Duratiggl or I?agth d:::f stay,
el ventiation > 15 (9-27) 8 (4-14) 001
ICU > 22 (13-32) 12 (7-18) 001
Hospital 28 (15-43) 20 (13-31) 07
Mortality
inICU > 14 (23 12 (9) 01
in hospital 14(23) 17 (13) 06

ANZ ECMO JAMA 2009



Assistance respiratoire extra-
corporelle

- Inclusion:

- Fast entry criteria= PaO2 < 50 > 2h

avec FiO2 1.0 et PEEP > 5

- Slow entry criteria= PaO2 < 50 > 12h

avec FiO2>0.6 et PEEP > 5 . maximal therapy > 48h

+ Exclusion:
- durée de la VM > 7;
- CI aux anticoagulants,
- lésions cérébrales irréversibles,
- pathologie pulmonaire chronique sévere,
- immunosuppression,
- maladie terminale,
- defaillance multi viscérale



US NIH Zapol 7ama 79

étude controlée multicentrique

90 patients randomisés entre VM conventionnelle
+/- ECMO

- Mortalitée 92 vs 90%

Morris AJRCCM 1994

+ VM (pression controlée) Vs VM + ECMO (ECCO2-R)

- ETUDE INTERROMPUE apres analyse intermeédiaire
sur 40 patients

+ Pas de différence significative sur la survie (42%
vs 33%)



En 1974.. US NIH Zapol sam4

étude controlée multicentrique

90 patients randomisés entre VM conventionnelle
+/- ECMO

- Mortalitée 92 vs 90%

* mais: mortalité ds le groupe controle élevée
(malades trop graves?)

+ Plusieurs centres inexpérimentés

+ Remplissage excessif, Vt élevé, anticoagulation+++
* Veino-Arteériel

* Durée de VM prolongée avant ECMO



n 1994,

Morris AJRCCM

* VM (pression controlée) Vs VM + ECMO (ECCO2-R)
- ETUDE INTERROMPUE aprés analyse intermédiaire

sur 40 patients

* Pas de différence significative sur la survie (42%

vs 33%)

* Mais mode ventilatoire non uniforme ds le groupe

ECMO, Pplat élevée

* Haut niveau de survie ds le groupe controle
+ Faible débit de I'ECMO
+ Beaucoup de complications hémorragiques

(inexpérience ?)



survie: modification // évolutions
echnologiques
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'ype de membrane

Silicone: + résistantes

Fibres microporeuses (polypropyléne): + performantes
et mieux tolérées

- Fuite plasma

- Changements quotidiens

Microfibres microporeuses en polymethylpentene
- Quadrox D

- MEDOS

- Novalung

- Dideco




rogrés techniques

+ Surfaces pré-héparinées
+ Canules percutanées



Relation PAM, diametre canule -
débit

(kﬁﬁ

19 Fr



riteres d'inclusion






2esultat

P=0.03






ronostic

Hemmila et al. Ann Surg 2004



Les principaux critéres d'ECMO

L'hypoxémie profonde :
- PaO2/FiO2 < 70 sous FiO2 1 depuis 2h au moins
- avec PEEP d'au moins 10 cmH20

Une ventilation protectrice impossible:
- PaO2/FiO2 entre 70 et 100 (a FiO2 = 1)
- avec Pplat > 35 cmH20

- ou la présence d'une acidose respiratoire sévere (pH < 7,15

malgré une fréquence respiratoire a 35/min)

SOFA extra-respiratoire < 9



Extracorporeal Membrane Oxygenation for severe Influenza
A (HIN1) Acute Respiratory Distress Syndrome: a
prospective observational comparative study

. Equipe UMAC-UMAREC
+ Opérationnelle depuis le 01 Nov 2009

* Inclusion des patients du 01/11/09 a la fin de
I'épidémie le 20 Janv 2010

- Tous HIN1 confirme

2.6 ECMO/ million d’habitant => soit en PACA 11 ECMO




Roch et al. Intensive Care Med 2010










Les |€§Oﬂ$ c‘x tirer (point de vue du réanimateur)

- Bon entrainement
+ Treés grande hétérogénéité inter- et intra-villes

+ Réemergence d'une vieille technique d'assistance
ventilatoire (AREC)
- Non-dénuée de risques
- Peu d'indications annuelles
- Activité non reconnue par les tutelles donc mal valorisée
- Urgence a encadrer le déploiement anarchique

- Spécifique a certaines villes: mise en place d'une
UMAREC

- Non valorisée
- A organiser en fonction d'un Territoire de Santé

* Mauvaise compliance des paramédicaux a la vaccination



Transport
inter-hospitalier
sous
ECMO

UMAREC

Unité Mobile d’Assistance
Respiratoire Extra-Corporelle

SAMU
Chirurgie cardiaque
Réanimation



Centres pouvant faire
Cenfres ECMO appel a une UMAREC

- Hypoxémie réfractaire + Hypoxémie profonde
- PaO2/FiO2 < 50, persistante* - PaO2/FiO2 < 70 sous FiO2
- FiO2 > 80 % + PEP (< 20 1 depuis 2h au moins
cmH20) - avec une PEEP d'au moins
- Pplat = 32 cmH20 10 ecmH20

- + décubitus ventral +/- NOi - Une ventilation protectrice
- Ventilation non-protectrice impossible

(Pression de plateau > 35 cmH20) - Pg??éfz’iozl entre 70 et 100
- Malgré PEP réduite a 5 (a Fioz = 1)
cmH20 - avec une Pplat > 35 cmH20
- VT réduit a sa valeur minimale * ou la présence d'une acidose
respiratoire sévere (pH < 7,15
- compatible avec un pH 2 7,15 malgré une fréquence

respiratoire a 35/min).

»: Caractere persistant doit tenir compte de I’évolutivité (qq h pour les formes tres evolutives a 48 h en cas de stabilite)



"Optimisation”

+ 36 patients (4,5 ans) : LIS > 2,5 et critéeres ECMO
- stratégie

- TDM

» diurétiques ou HF

- "N Qs pulmonaire”

- mode ventilatoire

(Vt, PIM et Pmoy le plus bas possible avec recrutement alvéolaire
correct)

- + hypercapnie

- TGI .
* N shunt
» PEEP, i/e
» NO 15 ppm
» DV

» almitrine



Optimisation”

* R : PaO,/FiO;, > 100 pendant au moins 6 h

- NR
- PaO,/FiO, < 100
- PaCO, non-maitrisable
- deétérioration mécanique ventilatoire

1
ECCO2R



-volution mortalité

1.0
0.9 -
0.8

0.7 -

TR R TN ALAL A
z: I T ............. T T o T ) T--..,Q

0.1 1

Pooled weighted mortality

0-0 L] 1 L 1 T 1 1 1 L] 1 1 ] 1 L] i L ] ] T 1 T

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1934 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Median year of study conduct

—&— Observational studies
-0+ Randomized controlled trials




Mortalité hospitaliere

Steinberg et al. Clin Chest Med 2000
70

60-
50-
40

30+
20
10+

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

<« Par ma foi ! il y a plus de quarante ans que je fais de la
protection du poumon sans que j'en susse rien, et je vous
suis le plus obligé du monde de m'avoir appris cela. »

Adapted from: Moliere — Le bourgeois gentilhomme



entilation protectrice au cours du SDRA
|

37 patients .
v owie N PEEP 10, FiO2 1, Vt 5-8 ml/kg PBW
Mesures repetees a oh

24-30 h et 36-40 h |
courbe P/V
|
mini-LBA - plasma
I
I |

Groupe controle Ventilation protectrice
FR 10-15, PaCO2 35-40 FR 10-15, Pplat < UIP

Pplat max 35 PEEP LIP +2-3
PEEP trial 3-15 cmH20




| | |
| |
| — — | — o
TO T1 T2 TO T1 T2 TO T1 T2 TO Tl T2
Control Lung-Protective Strategy

1007 ¢

Ranieri et al. JAMA 99

P=.05 P<.001
n=15 n=14

TO T1 T2 TO Tl T2



n
Vit
PEEP

Pplat

PLV cont PLV cont PLV cont PLV cont PLV cont
58 58 29 24 400 400
7.1 10.5 6.0 12.0 62 118
10.7  10.7 164 8.7 94 8.6
26 32 30 37 25 33




Eichacker et al. ATRCCM 2003

Control group Treatment group



Esteban et al. JAMA 2002




aut-il, sous prétexte d'ouverture, limiter le
lébat a...

Grand V1t vs. Petit VT ?



Day 1 Day 3 Day 7

ILung Open P | ILung Open P | ILung Open P |

Variables Ventilation Control Value  Ventilation Control Value Ventilation Control Value

Plateau pressure, mean (SD), 30.2 (6.3) 249(.1)  <.001 28.6 (6.0) 24.7(5.7) <001 288 (6.3 251 (6.8) <.001

cm HO

No. of patients 435 424 334 380 174 232
30.1-35.0 112 33 76 38 37 27
35.1-40.0 88 4 41 12 27 13
=>40.0 8 1 8 3 4 4






Talmor et al. NETM 2008



Apprécier I'hystérésis

Demory, Arnal et al. Intensive Care Med 2008



CPAP



Insp. 1 Trig. | Trig. It
Trigger Window  Window

Synchronization may amplify transpulmonary
pressure swings



BIPAP APRV
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BIPAP

APRV

Figure 1 Ventilator waveforms of APRV-BIPAP modes



BIPAP

666666






ARDS
T Mid | Moderate | severe

Acute onset within 1 week of a known clinical insult or new/

R worsening respiratory symptoms
Hvboxemia PaO,/FiO, 201-300  PaO,/FiO, <200  PaO,/FiO, < 100
YP with PEEP/CPAP>5  with PEEP »5 with PEEP > 10

Origin of Respiratory failure not fully explained by cardiac failure or
Edema fluid overload**

. : Opacities involving
Radiological : " Bilateral
Abnormalities Bilateral opacities™ opacities*® at least 3*

quadrants

Additional VE corr > 10 L/min
Physiological N/A N/A or
Derangement Crs<40 ml/cmH,0

*Not fully explained by effusions, nodules, masses, or lobar/lung collapse; use training set of CXRs
**Need objective assessment if no risk factor present (See table)
VE Corr = VE X PGCOZ/4O



>aracteéerisation SDRA

- Gazométrie n°1 a PEEP 5 (et FiO2 = 1)






/entilation protectrice: modele idéal



PEEP et recrutement

B Recrutement (ml)
B Polat
(O PEEP H

**

_ >

Recrutement (ml)
Pression (cmH20)

PlipVt6 PlipVt10 HPV6



Unadjusted day 90 mortality

NMBA placebo



Only patients with dependent
opacities?

NO




Evaluation scannographique

Evaluation SQ

- normal + opacités en verre
dépoli (66) + condensation
(CO) =3

- score = apex + 1,7 hile +
1,8 base (0O - 81)

Goodman et al. Radiology 1999

TO - 6h TO TO + 6h

scanner

Réponse = @ 33% du rapport PaO2/FiO2




Condensations

*,p<0,05 vs sternal; §, p<0,001 vs sternal et central
20 - ‘ R
I rEpondeurs
mmmm non-rEpondeurs

-
o0
!

-—
()]
!

sternal central vertEbral

Papazian et al. Anesthesiology 2002



Des raisons d'espérer ?
Mortalité a J10

PaO2/FIO2<88 1652549 Vt>12ml/kg



I I ] ~ 1 T 1T T T
1 2 3 4 5 6 7 8 9 10




Gattinoni NEJM 2001

Guerin JAMA 2004

Mancebo

AJRCCM 2006
N 304 791 136
Type SDRA ou ALT & PEEP 10 hygf:ﬂ':ii:::'fss ol SORA
Durée séance DV Moy 7h Med 8h Moy 7h
Durée DV 4,7 j (max 10) 4 (2-6) 10,1+10,3
Mortalité ICU b51/48 42/43 (J90) b8/43
Durée VM ? 14,1/13,7 ?
Cross-over 12/0 81/6 4/0
Algorithme O2 Non Non Oui
Algorithme Pplat Non Non Oui
Ptc sevrage Non QOui QOui
Vt inclusion 10,3 8,3 83
PEEP inclusion 9,6 78 12,3
Fio2 73 59 84
Pplat <32 ? 32




A ce stade

Optimisation du réglage du respirateur

Curariser

DV
- Hypoxémie profonde (< 100-1202??)
- Surtout si présentation lobaire

- Au moins 12h en DV



A ce stade

+ Optimisation du réglage du respirateur

- Curariser

DV

- NO
- Deéfaillance VD
- Echec DV

- Réévaluer dose

- Eau et sel

- Raisonnable



rise en charge et pronostic

% des Canada Mexico

admissions JAMA JAMA
réa 2009 2009

ECMO 11,6 4,2 0 114



ECMO
| g

CO2
Arrivée
Air et O2 Voies fémorales ou
Pompe Oxygénateur Jugulaires
|
Canules

veineuses




ECMO

Débit: vitesse de pompe Vt <4 ml/kg
FIO2 (Oxygénation) FR 4 -8 cycles/min
Balayage (élimination CO2) PEP 15 - 25 cmH20

CO2 )

Débit

Vitesse

Gazometries arteérielle et veineuse (Sv02)
Lactates
E Coloration circuit CEC



V A = Suppléeance cardio respiratoire

COZ Voies femorales ou
jugulaires
Arrivée
Air et O, Canules :
romp Oxygénateur veineuse et
ﬁ r [
arterielle
1}
Shunt de

revascularisation du
membre canulé



Studies and Registries about ECMO in adults with
severe ARDS

Study (year) PaO2/FiO2 Survival | Factors
% associated with
death

CESAR (2009) 90/68 39.9 76 £ 29 63 NR

treated +/-13
ELSO registry 1473 34 57 (47) nr 50 Before ECMO: Age-
(2009) (16 to 84) Asian race-pH<7.18

orPaCO2 > 70

Mode VA or switch VV to
VA

During ECMO: Circuit
rupture-CPR-ARF with
RRT- CNS or Pulmonary
or gastric hemorrhage

Hemmila et al 255 38.4 55 + 16 nr 52 Before ECMO: Age-
(2004) female gender-pH<7.10-
MV > 8]

During ECMO: Surgical
hemorrhage- CPR- RRT-

CNS infarction-
Pulmonary Embolism

Schmid 176 (4 48 +/- 17 77 + 47 34+ 56 AGE-SOFA-ARF
(Germany) years) 0.5 MV before ECMO
(2009)

Marseille 47 (2 50 68 (55-86) %35 40 SOFA (day 1 on ECMO)
(2011) years) (36-57) OR 1.3 for 1 point

increase
SOFA »10,100% T



Michael et al. ATRCCM 98



ARDS, MV and outcome

ARDS




Lung volume reduc?ion LUNG VOLUMES IN 21 PATIENTS WITH ALI

LUNG VOLUMES IN 10 HEALTHY VOLUNTEERS
AERATED AND NON-AERATED LUNG

153 cm

I
I
I
I
I
I
I
I
I
I

967 + 174 ml 910 + 163 ml

262 + 235 m|

369 + 232 ml

AERATED LUNG ONLY

Puybasset et al. AJRCCM 98




Lung volume reduction

Puybasset et al. ATJRCCM 98



ExPress

VT 6 ml/ kg (PBW)

RR<35/mn;7.30 <pH<7.45
55 mmHg < Pa02 < 80 mmHg

88% < Sp0O2 < 95%

Minimal
alveolar distension

PEEP set for

5 < PEEPtot <9

Maximal
alveolar recruitment

PEEP set for

28 < Pplat < 30




hysiological effects

n hypoxemic patients

Lagneau et al. ICM 2002
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Effect of cisatracurium on oxygenation
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Gainnier et al. Crit Care Med 2004



Wortality ACURASYS
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Important methodological aspects (2)

* Prior to infusion : Ramsay 6

+ Cisatracurium: 6 x 150 mg / day for 2 days

- Volume-assist control mode

+ PEEP and FiO2 according to the ARMA study

* | Weaning started on day 3 if FiO2 < 0.6
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[0 summarize

* MV optimization
- NMBA

- Cisatracurium

- ESS
- Early (< 48h)
* Short duration
- Severe ARDS
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Mercat et al. JAMA 2008



Probability

ALVEOLI

ARDSnet NEJM 2004
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Days after Randomization

Variable Day 1
Lower-PEEP  Higher-
Group  PEEP Group
Tidal volume (ml/kg of predicted
body weight) 6.1+0.8 6.0+0.9'
NO. Of patients 736 758
Plateau pressure (cm of water) 2447 2767
No. of patients 230 252
Mean airway pressure (cm of water) 1545 20£5¢
No. of patients 233 261
Respiratory rate (breaths/min) 29+7 29+7
No. of patients 248 263
Minute ventilation (liters/min) 12+4 1243
No. of patients 247 264
FiO, 0.54£0.18  0.44+0.177
No. of patients 249 264
PEEP (cm of water)
All patients 8.9+35  14.7+3.5¢
No. of patients 249 264
First 171 patients 9.1+33 142432
No. of patients 76 82
Subsequent 378 patients 8.9+3.6  14.9+3.6
No. of patients 173 182
Pa0,/FiO, 16866 220897



O'Meade et al. JAMA 2008



s it really a moderate to severe ARDS?




Acute g injury score? 383340




3erlin definition




a02/FI0O2 and mortality

< >

63% 41%




ecruitment, overdistension, and PEEP

With LIP Without a LIP

aeration aeration
— —



[0 summarize

Goal: PaO2 55-70 mmHg

MV optimization

- Reduced tidal volume (6-8 mi/kg...)

- Pplat limitation (Pplat < 28-30 cmH20)
- High PEEP level

- To set PEEP
* Pragmatic approach
- Diffuse:lobar
- P/V curves

- Transpulmonary pressure
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Jutcome is related to the delay

Hemmila et al. Ann Surg 2004



Daily re-evaluation of the dose

Effect (%) on PaO,/FIO,
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Reasonabl

Variab

pH

PaO, (mm Hg)

PaCO, (mm Hg)

Bicarbonate (mmol/liter)i:

Base excess of blood::

Lactate concentration (mmol/liter)
Sa0, (%)%

Hemoglobin (g/dl)§

e

goals

up Mean
1 2 4

75 7.45 7.52 7.60 7.53
29.5 19.1 21.0 28.7 24.6
12.3 15.7 15.0 10.3 13.3
10.5 10.67 11.97 9.87 10.8
-6.3 -9.16 -6.39 -5.71 -6.9

2.0 2.0 2.9 1.3 2.2
68.1 34.4 43.7 69.7 54.0
20.2 18.7 18.8 19.4 19.3



