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Model analysis
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Extracorporeal Membrane Oxygenation
in Severe Acute Respiratory Failure

A Randomized Prospective Study
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Extracorporeal Membrane Oxygenation for Severe Acute
Respiratory Distress Syndrome
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Goals of Management in ARDS

Modified from Tonetti et al. Ann Transl Med. 2017;5:286
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Barotrauma

Volutrauma

Atelect-biotrauma V4
(Homogeneity)

Ergotrauma

Maintain Oxygenation
At all cost



ECMO og aobBeveic pe ARDS:
[oTe mpemeL va e€eTaobel?
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ECMO oe aoBeveic pe ARDS:
[ote va apXloovpe?
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H riiBavotnta emiBiwonc eAattwveTal 060 avéavovtol
Ol NUEPEC LNXOVLKOU OLEPLOUOU

MV <3 days before ECMO

MYV 3-10 days before ECMO

MV >10 days before ECMO

Cumulative probability of survival

P <0.005, log-rank

'_I_'_T_|_|_|_|_[_I_|_|_|_I_|_|ﬁ_l_]
0 20 40 60 80

Schmidt et al ; Intensive Care Med (2013) 39:1704-1713



ENAEIZEIZ VV-ECMO (EOLIA)

< 7 days of Mechanical Ventilation
One of these criteria despite FIO, > 0.8 ; Vt 6 mL/Kg IBW, PEEP > 10 cmH,0O:

« PaO,/FIO, <50 mmHg for > 3 hours
o]
» PaO,/FIO, < 80 mmHg for > 6 hours
o]
« pH<7.25 (PaCO, > 60 mmHg) for > 6 hours despite RR to 35/min

N Engl J Med 2018



[TIBavoi ynxaviopoi yeow Twv oTToiwv N ECMO BeATILWVEl TOUC
aoBeveic ue ocoapo ARDS

Minimized hypoxemia Minimized hypercapnia
Increased partial pressure Decreased respiratory
of arterial oxygen (Pao,) . | acidosis

Decreased right
ventricular afterload

Decreased tissue hypoxia Increased cardiac output

MECHANISMS

PHYSIOLOGICAL

Brodie et al JAMA August 13, 2019
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[TIBavoi ynxaviopoi yeow Twv oTToiwv N ECMO BeATILWVEl TOUC
aoBeveic ue coapo ARDS

Minimized hypoxemia Minimized hypercapnia Minimized lung stress and strain
Increased partial pressure Decreased respiratory Decreased tidal volume (VT), plateau airway
of arterial oxygen (Pao,) . | acidosis pressure (Pplat), respiratory rate (RR),

and driving pressure (AP)

MECHANISMS

Decreased right
ventricular afterload Decreased ventilator-induced
lung injury (VILI):

Volutrauma - Atelectrauma
Decreased tissue hypoxia ' | Increased cardiac output  Barotrauma » Biotrauma
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Brodie et al JAMA August 13, 2019



ECMO allows reduction in MV

EOLIA — NEJM 2018



ECMO allows ultra-low tidal volumes
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Schmidt et al AJRCCM. Oct 15, 2019 (LIFEGARDS)



Scaling of Tidal volume to compliance: Driving Pressure

M. Amato; N Engl J Med 2015; 372:747-755
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Reduction In intensity of mechanical ventilation

Mechanical power:
MeTa@opd evEpyEIOG OTO AVATIVEUOTIKO CUOCTNHO OTN HOVAdA TOU XpOVou
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OUTCOMES

[TIBavoi ynxaviopoi peow Twv oTroiwv N ECMO BeATIWVEI TOUC

Minimized hypoxemia

aoBeveic ue coapo ARDS

Minimized hypercapnia Minimized lung stress and strain

Reduced diaphragm myotrauma

Increased partial pressure
of arterial oxygen (Pao,)

Decreased respiratory Decreased tidal volume (VT), plateau airway
acidosis : | pressure (Pplat), respiratory rate (RR),

Y

Vl' + | and driving pressure (AP)

Improved diaphragm function

|

Decreased right : 'I'
ventricular afterload | | Decreased ventilator-induced

Jv i | lung injury (VILI):
| «Volutrauma * Atelectrauma

Decreased tissue hypoxia

Increased cardiac output | | - Barotrauma « Biotrauma

Accelerated weaning

)

»

i — !

Possibly decreased
long-term neurocognitive
and
psychiatric sequelae

Decreased multiorgan dysfunction syndrome (MODS)

v v v

Decreased ventilator complications

Decreased mortality

Brodie et al JAMA August 13, 2019
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Respiratory drive
(AvarrveuoTikn won)

Pmus/breath
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o e 12 :

Diaphragmatic

Respiratory drive= zero/low  pm atrophy

(passive mechanical ventilation/overassist)

(myo-trauma)

Vasilakopoulos Thorax 2016
Goligher et al. AJRCCM 2018

Pmus/breath
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During acute phase

Patient self inflicted lung

High Respiratory drive N oy (P-S1L1)

(Takeshi et al. AJRCCM 2917)

Diaphragmatic damage
(hypertrophy/myo-trauma)
(Goligher et al. Lancet Respir Med 2019
Vasilakopoulos Thorax 2016)

T11Pmus/breath




MESSAGE
No drive High drive

(passive ventilation) (spontaneous breathing during acute
phase of ARDS)

Myo-trauma
(Atrophy)

Myo-trauma
(Hypertrophy)

For review: Vaporidi et al. Am J Respir Crit Care Med Jan 1, 2020
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Respiratory drive = IS mainly controlled by PaCO,

o ECMO can control

CC%
’- the respiratory drive

e during the acute phase
O,

Pmus/breath

of ARDS




Effect of ECMO on Respiratory effort

R? =0.823
P <0.001

Pmus eAaTTWVETAI 000
QucaveTal n amooAn
CO, amo Tnv ECMO

Pmus (cmH,0)

0-0 20 40 60 80 100
V'CO, ML/Tot (%)
—
Gas flow

Modified from Mauri et al; Anesthesiology 2016
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OUTCOMES

[TIBavoi ynxaviopoi yEow Twv oTToiwv N ECMO BeATIWVEI TOUC

Minimized hypoxemia

aoBeveic ue coapo ARDS

Minimized hypercapnia Minimized lung stress and strain

Reduced diaphragm myotrauma

Increased partial pressure
of arterial oxygen (Pao,)

Decreased respiratory Decreased tidal volume (VT), plateau airway
acidosis : | pressure (Pplat), respiratory rate (RR),

Y

Vl' + | and driving pressure (AP)

Improved diaphragm function

|

Decreased right : 'I'
ventricular afterload | | Decreased ventilator-induced

Jv i | lung injury (VILI):
| «Volutrauma * Atelectrauma

Decreased tissue hypoxia

Increased cardiac output | | - Barotrauma « Biotrauma

Accelerated weaning

)

Decreased ventilator complications

»

i — !

Possibly decreased
long-term neurocognitive
and
psychiatric sequelae

Decreased multiorgan dysfunction syndrome (MODS)

v v v

Decreased mortality

Brodie et al JAMA August 13, 2019




[TapdayovTec KIVOUVOU YIa Oe€Ia KapOlaKn

QVETTAPKEIO
OR Score
Pneumonia as cause of ARDS 2.73 1
Driving Pressure > 18 cmH,0O 2.28 1
A
9PN Pa0,/FiO, < 150 mmHg I 2.6 1
S BN (r.cO,>4a3mmHg | ] 2.39 1
<> A (
N ' \ | Score T / / 0-4

Enlarged right
ventricle

Mekontso Dessap et at: Intensive Care Med (2016) 42:862—-870



Kauia au@i3oAial .

——

a lé §
TR B I



PINK FLOYD

THE DARK SIDE OF THE MOON



Neurologic Injury in Adults Supported With Veno-
Venous Extracorporeal Membrane Oxygenation , ,
for Respiratory Failure: Findings From the N )\ )\
Extracorporeal Life Support Organization Database E U p O Ov LKE q ET[ UT' O KE q
Roberto Lorusso, MD, PhD!; Sandro Gelsomino, MD, PhD'; Orlando Parise, MSc';
Michele Di Mauro, MD?; Fabio Barili, MD, PhD? Gijs Geskes, MD'; Enrico Vizzardi, MD?;
Peter T. Rycus, MPH?; Raf Muellenbach, MD, PhD¢ Thomas Mueller, MD7; Antonio Pesenti, MD?;

Alain Combes, MD, PhD?’; Giles Peek, MD'%; Bjorn Frenckner, MD, PhD"'; Matteo Di Nardo, MD';
Justyna Swol, MD"; Jos Maessen, MD, PhD'; Ravi R. Thiagarajan, MD, PhD"

Lorusso et al. Crit Care Med 45: 1389-97, 2017 —> Hemorrhage (42.5%)
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A 150-

133 —— ratients with one
Meuralogic Complication

100 Patients with one Neurologic
u 7 Complication discharged alive
% 59 , ,

501 H emBlwon twv aacbevwyv nou
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&
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Ptwyn

Type of Neurologic Complications

Lorusso et al. Crit Care Med 45: 1389-97, 2017



Complications during ECMO

70
350 patients on ECMO
50
40

30 -

% of patients

20 A

10 -

ECMO-related major Major hemolysis Cardiac arrest RRT
bleeding

Schmidt et al Am J Respir Crit Care Med Oct 15, 2019 (LIFEGARDS)



Complications during ECMO

70 -
350 patients on ECMO
60 -
6 months outcome
50 - B sSurvivors (215)
wn
= B Non-Survivors (133)
D a0
)
o
w 30 7
O
o
O\ 20 _
10 + I
0 _
ECMO-related major Major hemolysis Cardiac arrest
bleeding

Schmidt et al Am J Respir Crit Care Med Oct 15, 2019

RRT



Complications during ECMO

30 -

25 -

15

% of patients

10 |

0
Bleeding Infections  Cirguit-relatéd CNS KI/RRT

Extracorporeal Life Support Organization (ELSO) Registry - Data from 2014 to present

Brodie et al JAMA August 13, 2019



Altered hemodynamics
# Intrathoracic pressure

_ I Venous congestion Immune-mediated damage
Low CO ~ — Biotrauma

tAbdominal pressure Lung release of mediators
Inflammation and apoplosis —_  yomonal alterations

Mechanical Eﬁ Jrzlg,;rzﬁthaic activation .
ventilation . Risk factors for AKI
CrOSS'ta I kl ng \ during artifical
organ support

Sepsis Cannula related risks .
lschaemia-reperfusion Artificial surfaces Bleeding / number of ransfusions Age / malnourishment
Fluid overload Haemaolysis Venous obstruction - Diabetes [ hy pertension /
Continuous blood flow Catalytic iran Occlusive arterial hypoperfusion renovascular disease

during VA-ECMO Hy percoagulability Cholesterol embolism

! . RAS inhibitors
Microvascular obstruction Rhabdomyolysis & crush injury

Pre-existing AKl /CKD

Prolonged hypoxia |
hypercapnia

Artificial surfaces "
Hy percoagulabili .
. Loss of micronutrients | ——— Tﬁf.fmmp‘ima Y .
~ antibiotics / catecholamines

' »

|\-_ g“

Extracorporeal

liver support

Faeq Husain-Syed et al. Intensive Care Med (2018) 44:1447-1459



Patients with severe ARDS due to immune diffuse alveolar hemorrhage

-
=
2 /
. L+ non-ECMO _ o
2"~ ECMO related hemorrhagic complications:
= o 58% (21% intracranial)
50
> ! | ECMO
= \
]
L
oo unadj. HR 2.18 (CI 0.46-10.29)
a Cox regression p=0.323
Log Rank p=0.309
- -
| | | | | [ | |
0 12 24 36 418 60 72 g4
Hospital days
No. at risk
VV-ECMO 19 16 12 4 4 1 1 0
CONTROL 10 9 T 1 0 0 0 0

Seeliger et al. Chest 2019; In press



Prevalence and Risk Factors for Thrombotic

Complications Following Venovenous

Extracorporeal Membrane Oxygenation:

A CT Scan Study

Gabriel Parzy, MD"% Florence Daviet, MD"* Nicolas Persico, MD'; Romain Rambaud, MD';
Ugo Scemama, MD* Mélanie Adda, MD"? Christophe Guervilly, MD"? Sami Hraiech, MD, PhD"%;
Kathia Chaumoitre, MD, PhD* Antoine Roch, MD, PhD'=; Laurent Papazian, MD, PhD";

Jean-Marie Forel, MD"?
Crit Care Med 2019; In press

Cannula-associated deep

vein thrombosis was found
in 75 patients (71.4%)

% of patients

40
35
30
25
20
15
10

In 105 patients with ARDS and
ventilated with ECMO, CT scans
were performed at a median of 2
days (1-3 d) after decannulation

Femoral Femoral and Jugular
jugular



T : ™
Feasibility and safety of ultra-low tidal o

volume ventilation without extracorporeal
circulation in moderately severe and severe
ARDS patients

J.C.Richard"#*'®, 5. Marque“, A. Gros®, M. Muller®, G. Prat’, G. Beduneau®®, J. P. Quenot'®, J. Dellamonica'’,
R.Tapponnieru, E.Soum'?, L. Bitker'2, J. Richecoeur' and the REVA research network

Intensive Care Med (2019) 45:1590-1598
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Intensive Care Med (2019) 45:1590-1598
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Key points

e Ventilator-induced lung injury is a major contributor to morbidity and mortality
i ARDS, driven in large part by injurious mechanical forces

e ECLS can supplement or supplant native lung gas exchange in ARDS, allowing
for reductions in the mechanical forces contributing to ventilator-induced lung
mjury

e Conventional management strategies (standard of care lung-protective ventilation,
prone positioning, PEEP titration, conservative fluid balance. and perhaps p—
neuromuscular blockade) should be optimized prior to consideration of ECLS
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‘ with improved short- and long-term outcomes ‘
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Moocooto (%) twv acBevwv pe ARDS rtou dev eiyav kapld cuvedpla mpnvng

B<onc nipv tnv epappoyn VV-ECMO

100 -
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EOLIA study, ECMO group:
In 44% of patients prone position was not

used before EMCO!!
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Factors that would make respondent reluctant
to initiate ECMO for severe acute respiratory failure

Older age ]
Presence of other organ failures ]
Mechanical ventilation >7 days prior to ECMO ]
Immunocompromised status ]

Prone positioning not yet attempted
Lack of definitive etiology of respiratory failure ]
Underlying chronic ischemic cardiomyopathy [——]
Financial considerations (i.e. excess cost) [

High body mass index [I

0 10 20 30 40 50 60 70 80

% respondents

Abrams et al. Critical Care Medicine. 47(10):1346-1355, October 2019
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network meta-analyses

28-day mortality

0.69

Prone positioning

(0.48 to 98)

N.S,

0.6

(0.38 t0 0.93)

INO

1 trial
26 participants

2 trials
429 participants

HFOV

1 trial
26 participants

HFQOV and prone positioning

-‘

1 trial
17 participants

1 trial

3 trials

1 trial
26 participants

3 trials 4
1403 participants

INO and RM

12 participants

848 participants

1 trial

17 participants

Open lung strategy?

10 trials
3550 participants

NMBA

5 trials
1461 participants

LPV
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Number of patients with ARDS =12% ICU admissions

ICU, University Hospital of Heraklion (Bellani et al. JAMA. 2016;315(8):788-800)
Survival

e b o Mild ARDS: 13% ) 9%
TGS Moderate ARDS: 63% ) 73%
Severe ARDS: 24% msssssm) 70%

Every 10 years 1»‘

patient may need Prone position
ECI\/IO Moderate ARDS: 12%

Severe ARDS: 30%

No. of patients with Moderate/Severe ARDS = 63/yr.
No. of patients on Prone position = 12/yr.

0.1 patients per year may need ECMO

Prone Positioning in Severe Acute Respiratory Distress
Syndrome

Guérin et al. N Engl J Med 2013:368:21502168 Rescue ECMO was applied in 0.8% of patients placed on prone position



Bulgaria
North Macedonia

East Macedonia

Turkey
Xanthi ~ @nd Thrace
Serres Kavala @ Komotini
Albania :

Aot Veria

Méoeg M.E.O. epapuolouv
PNV} Béon oty EAAGSA?
Alexandroupoli R
Thes?aloniki: Thassos Y e

d K}
Kozani Katerini »

Samothrak
loannina

Epirus
Corfu

Trikala  @Larissa

Lemnos

Volos

: Mytilene
Nortf ermop™

e R mi

Lefkada Agrinio ko

Lesbos
Gree

ce Chalcis Evig ‘

=

O

e ¢

Q Central
= Kefalon Ithocd

-~ Kejaloniq Al lhy

W 2

Q

3

=

Q.

"2}

(.”4"’ 105
Patras

Turkey
vwest ( : ‘Athens 2
Corinth Salomina i

Andros %
20Maos

e Tripoli egina B/ @ linos

Zakynthos "pg' Y

fonian Sea

Ikaria

A -
108

15
Hydro

Ermoupoll cyc/ades

) Paros NaxqQs
Kalamata

(alymr
Milos
NeA2504120015

Greece

", 4 Anafi 0
Kythira
@ National Capital
@ Region Capitals
City or Town

nn
Sea of Crete

Chania
Kilometers
0 20 40 60 80 100
| -] [—=1]
I
0 20 40

Karpathos
Heraklion
60
Miles

Rethymno Kasos
e A Crete
vieaiterranean sed

[M6oa kévTpa v-v ECMO TtrpéTTel
va uttdpyxouv otnv EAAGOQ?

2019 C¢
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Abrams et al. Am J Respir Crit Care Med 2019; in press




Venovenous extracorporeal membrane oxygenation

T

AIR/JOXYGEN
BLENDER

_exchange occurs.

@ A mixture of room air and
oxygen Is delivered In varying
fractions to the inner core of
the hollow fibers within
the oxygenator.

Blood flows Into the oxygenator, washing
over bundles of hollow fibers where gas

Exhaust gas

@ The pump expels the blood
under positive pressure and
drives It to the oxygenator.

Modified from Brodie et al JAMA August 13, 2019

Oxygenated, decarboxylated
blood exits under attenuated
positive pressure.

Deoxygenated blood Is
drawn into the pump
by negative pressure.

o
2

Ca0,: 150 ml/I

CaCO,: 500 ml/l

.. A cannula is placed in
..., |/ the right internal jugular
’ | vein. The tip is advanced
- into the right atrium.

¢ A cannula is placed in the
right femoral vein. The tip
is advanced to a point near
the right atrium.

CvO,: 100 mi/|

CvCO,: 650 ml/I



ECMO flow/ Cardiac output > 2/3

ECMO Flow + Native Venous Flow = Cardiac Output

Systemic |Content 12.3
Sat 88
PO, 50

No lung
function

ECMO flow=4 I/min
CO=6 I/min
EMCO flow/C0O=0.67

< CO = ECMO flow x(C1-C2)/(C3-C2)

N

C2

Outlet Native Venous Flow
Content 14 N Content 9 Total
Sgt 100 Inlet—{ Sat 64 \lgequtrjr?
PO, 300
2 IPOz 40 (CO)
ECMO Flow

<—CO; 0UT«
Bartlett R. Journal of Intensive Care Medicine 2017, 32:243-248



The NEW ENGLAN D
J OURNAL of MEDI CINE Kaplan—Meier Estimates of Survival Without Treatment

MAY 24, 2018 voL.378 No.21 Failure, Defined as Crossover to ECMO or Death for the
Control Group and Death for the ECMO Group

Extracorporeal Membrane Oxygenation for Severe Acute

Respiratory Distress Syndrome
A. Combes, D. Hajage, G. Capellier, A. Demoule, S. Lavoué, C. Guervilly, D. Da Silva, L. Zafrani, P. Tirot, B. Veber,

E. Maury, B. Levy, Y. Cohen, C. Richard, P. Kalfon, L. Bouadma, H. Mehdaoui, G. Beduneau, G. Lebreton, L. Brochard,
N.D. Ferguson, E. Fan, A.S. Slutsky, D. Brodie, and A. Mercat, for the EOLIA Trial Group, REVA, and ECMONet*
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Indications VV-ECMO (EOLIA)

< 7 days of Mechanical Ventilation
One of these criteria despite FIO, > 0.8 ; Vt 6 mL/Kg IBW, PEEP > 10 cmH,0O:

« PaO,/FIO, <50 mmHg for > 3 hours
o]
« PaO,/FIO, < 80 mmHg for > 6 hours
o]
 pH<7.25 (PaCO, > 60 mmHg) for > 6 hours despite RR to 35/min

Physicians were encouraged to use prone positioning before randomization

ECMO group:
In 44% of patients prone position was not used before EMCO!!
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1. Avaotpeiun nnaBoloyio

2. EAQTTWOOUME TNV £VTaoN TOU UNXAVIKOU OEPLOMOU KOl TNV

etakoAouOn BAABN tou nvevpova

3. Tpwv XELpOTEPEVOEL N AVETAPKELA TIOAAWV OPYAVWV



Reduction In intensity of mechanical ventilation

Modified from Quintel, Busana, Gattinoni AJRCCM 2019
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Factor (0]} 95% ClI P
JAV(S 1.08
BMI 0.9
Immunocompromised 4.33
SAPS Il 1.04 2,00 - 1.08
Days of MV 1.07 1.10-1.14 0.015

Schmidt et al ; Intensive Care Med (2013) 39:1704-1713




