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The Extracorporeal Life Support Organization Maastricht Treaty for
Nomenclature in Extracorporeal Life Support
A Position Paper of the Extracorporeal Life Support Organization

Steven A. Conrad %%, L. Mikael Broman®~, Fabio S. Taccone®, Roberto Lorusso’, Maximilian V. Malfertheiner®,
Federico Pappalardo®, Matteo Di Nardo'?, Mirko Belliato'", Lorenzo Grazioli'?, Ryan P. Barbaro'3,

D. Michael McMullan™, Vincent Pellegrino’®, Daniel Brodie'®, Melania M. Bembea'’, Eddy Fan'®, Malaika Mendonca'®,
Rodrigo Diaz?®, and Robert H. Bartlett®’

Extracorporeal Life Support (ECLS)

SYSTEM Extracorporeal Membrane Oxygenation (ECMO) Extracorporeal Carbon Dioxide Removal (ECCO,R)

ﬁg‘;‘;ﬂm VA ECMO VVA ECMO VV ECMO
CONDITION Ca_rdiac Cardinr:espiratnry Hesp_tiratnr'; CO. retention
failure failure failure 2
+ Cardiac ECMO - :
APPLICATION - ECPR Lo i Respiratory Lung protection
. EISOR respiratory ECMO ECMO
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Early management of ARDS
in 2019

Venao-venous ECD

Discuss O In case of refractory hypoxemia or when protective
wentilation can not be applied
VV-ECMO O To be discussed with experienced ECMO centres

Mauromuscular blockers: continuows intravenous infuesion
O Early initiatbon (within the first 48k of ARDS diagnosis)

Meuromuscular blockers

Prone positioning Prone positioning rethods
O Applied for =160 a day, for several consecutive days

P/F < 150

Maoderate or severs ARDS -> High PEEP test (= 12 emH,0)
Use high levels if:

High level of PEEP O Oxygenation improvement

. ;E . J Without hemadynamic impalrment or significant

if Improves oxXygenation decrease in lung campliance

I haintain Pplat < 30 om0, contineouws manitoring

P/F < 200

ARDS diagnasis criteria
Tidal volume about & ml/kg of PEW O Pa0y/Fio, = 300 mmHg
Confirmed Plateau pressure < 30 emH,0 Ol PEEP2S5 cmH;0 i
O Bilateral opacities on chest imaging
ARDS PEEP > 5 cmH,0 O Mot fully explained by cardiac failure or fluid overlead

Check for hypercapnia O Within a week of a knawn clinical insult

Might ba applied
= Inmaled Nitric Oxsde (MO}, when severe Fyporermia remans

Initiation of invasive

Tidal volume (Vt) about 6 mlfkg of PEW in the absence

m?ch_a nical. of severe metabolic acidosis
ventilation with : : : -
sedation in ICU Systematic screening for ARDS diagnosis criteria

¥ Partial ventilation supoort at the sy ph

Reassessment of ventilator settings and
of the management strategy at least every 24h
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Papaziaret al. Ann IntensiveCare(2019) 9:69



Standardized Mortality Ratio*
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P <0.001

Driving Pressure
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Q1 02 03 Q4 Q5
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Standardized Mortality Ratio*
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P = 0.003

Respiratory Rate
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1P = 0.542

3.0 1 Compliance

— 14 mL/emH,0
— 35 mL/emH,0

Driving pressure = 27 cmH,0
Respiratory rate = 30/min

Driving pressure = 21 cmH,0
Respiratory rate = 45/min

Odds Ratio of Death
”
Fd

",
W

Tidal Volume (PBW)

1.27 s Driving pressure = 9 cmH,0
- Respiratory rate = 40/min

48 539 &

(0.6} (DA} (0}
Q1 Q2 Q3 Q4 Q5
Quintiles of Tidal Volume

6.6
{0.5)

.z
(1.8)

Driving pressure = 12 cmH,0
Respiratory rate = 25/min
I

| |
5 6 7 8

Tidal Volume (mL/kg predicted body weight)

-

Ventilatory Variables and Mechanical Power in Patients with Acute |
Respiratory Distress Syndrome

Eduardo L. V. Costa'?, Arthur S. Slutsky®*, Laurent J. Brochard®**, Roy Brower>, Ary Serpa-Neto®,
Alexandre B. Cavalcanti’, Alain Mercat®, Maureen Meade®, Caio C. A. Morais', Ewan Goligher®'%11,
Carlos R. R. Carvalho', and Marcelo B. P. Amato'
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Conventional
Protective

PEEP 10
Vt 6 mL/Kg
RR 20
DP 14-15
Power 7-8 J/min

KARADENIZ
TECHNICAL UNIVERSITY
Faculty of Medicine

protective

N e X '
Fo A > .
¥ a5

AR D S ONe &apacaksak Erken
Yapal

The main result of the present study is

that in a model of severe ARDS supported

with ECMO, 24 hours of nonprotective

ventilation induces severe lung injury and

I an early fibroproliferative response, which is

. more consistently prevented by applying
near-apneic ventilation than by just
providing conventional protective
ventilation.

Near apneic

PEEP 10
Vt 6 mL/Kg
OP 10
RR 5
Power 0.4-0.5 J/min

Araos, Alegria, Garcia, et al.: Near-Apneic Ventilation during ECMO for ARDS
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ECMO

Centrifugal Pump  19/20 (-23) mi/dk
2000-5000 ml/dk a k & m
Tot al niCW@x2M0 temizier
Membrana | an-é&.0 ®2 8

Heparini ht i yacé vy¢ kg
ECMO center/ Mortality %45

VvV ECMO
V¢V; Configuration

e k

ECCO2R

Roller pump  11-16 Fr kateter

250-1 000 ml / akeém

Total CO2 nin %20-30 unu temizler
Membrana | an-®8@2 4
Heparini ht iEyCavtO& dl & a
Standart YB

y ¢k

VV ECCO,R

. (dI) V{V Configuration
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ECMO

e ® Jwilhrliiméﬁaﬁ‘@
Management of Adult Patients Supported with Venovenous /E(SQ\\
Extracorporeal Membrane Oxygenation (VV ECMO): Guideline ™™ NSV e
from the Extracorporeal Life Support Organization (ELSO) Extracorporeal Membrane Oxygenation for COVID-19:
Josem E. T . MD, MS,*+ DarrvL Asrams, MD,# DanieL B , MD# Joun C. G . MD,§ ideli
DSEPJ:;SE Aﬁr;wso Rugio MATED—SI;ERZT‘:, hﬁlﬁf AsaD US.M:SLEL,EHHDS:EMPH,H Ar\.E::Dm F:;Eh::g? [I:'hD# UpdatEd 2021 GUIdEIlnes from the EXtracorporeal
Reviewers: NICHOLAS BARRETT, MBBS, ** MATTHIEU ScHMIDT, + THOMAS MUELLER, MD, 4 ALaiw Comees, MD, PhDH I_ife Support Organizaﬁon

Kiran SHekAR, MBBS, PhDS§

Key Recommendations

V-V ECMO may be utilized for patients with COVID-19 and severe
respiratory failure with expected outcomes comparable to
patients supported with V-V ECMO prepandemic.

V-A ECMO may be utilized for patients with COVID-19 and severe
cardiac failure; however, the experience is more limited.

Mobile ECMO is feasible and may be conducted safely for patients
with COVID-19.
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VW-ECMO TEKNKK

Venovenous extracorporeal membrane oxygenation

[ ] —

‘Am/oxvceu
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@A mixture of room air and
oxygen is delivered in varying
fractions to the inner core of
the hollow fibers within

the oxygenator.

Exhaust gas

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

© Oxygenation and decarboxylation ) )

_ Blood flows into the oxygenator, washing .‘i"
~over bundles of hollow fibers wheregas -

@ Oxygenated, decarboxylated

blood exits under attenuated
positive pressure.

drawn into the pump
by negative pmssure

A cannula is placed in
the right internal jugular
vein. The tip is advanced
into the right atrium.

\"

€Y Venous withdrawal

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




Kang¢l as

+ We recommend" that large multistage, drainage cann
De used (6., 23 Fr or greater for adults) where possible 8
minimize the need for insertion of an additional drainage

cannula at later stage, We suggest a single stage, refum
cannula (19-23 Fr for adults.

¢ Dual lumen cannulae should be avoided if possible as
they take relatively longer time to insert, are associated
with higher risk of thrombotic complications and mal-
positioning requiring repeat echocardiography with as-
sociated increased resource utilization and personnel
expOsUre.

* We recommend that either the femoro-femoral or femaro-
internal jugular configuration be used. The femoro-femor;
approach allows for mare rapid surgical field preparatig

creates efficiency of movement around the bed), and i

the operator away from the patient ainway.

US & Radiology

perform raphic scans and XR at
bedside as needed, and diagnostic CT
scans only if results likely to change
management or outcome due to oo

potential infection threat S

consider ultrasound screening to exclude DVT j§.
involving lower limbs/IVC™; perform
echocardiography if concerns for cardiac failure/CS

AV . NES] Q“

En yaygenfemoaak\lr @Grand va internal Juguler vs.rei nf ¢z
*ECLSkan¢tdhbai begy¢ k, kompl i kas)




SID
EEEEEEEEEEE

ENDKKASYONL Ag (SQ

—Laratms e ""ﬁ—"’lf

Extracorporeal Life Support Organlzation Coronavirus Disease
2019 Interim Guidelines: A Consensus Document from an
International Group of Interdisciplinary Extracorporeal
Membrane Oxygenation Providers

ELSCO Guidelines

PaOz/Fioz -I

<150 mmHg

!

:frm_yy recommended prone
fnﬂhl‘.‘lnlng [unless contraindicated)

Respiratory

’ w Hl'ly Of o currant
ended | Pq{}g,‘F'D <40 Hg for >6h management a . .
e poronuseer | | 12000 0 reti o2 €D lung protective MV sirategy; farget:
> : pH <7.20 + PaCO2 >80 mmHg for >6h e Poar €25 em Ha0
ider inhaled pulm
Lx::dlﬁ:rl:r}r::rulmenmrn};euvmi l EE d ‘“] EI-FII'I'I
Recommend Cﬂ:‘:"ggﬂg;iﬂ" uthiiﬁ FEEF 1ﬂ“|5 cm HI'D'
ECMD ﬂpp d "]
1 riving pressure <13 cm H;0
H ”» FiOs < 50% to maintain SpO: 2 B0-85%
Pa02/FiO2 PH <720 with - .
I 2150 I""'ml-lg-l lPaCOZ >80 mmHg @ >6h , * } 'EI'II'UI‘IH
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Kesin Kontrendikasyonlar

KI eri yack
KI'i ni k Kérél ganl ék ¥
Mekanik ventilasyon > 10 g¢n
Altta yatan komorbiditeler :
Siroz, KBH malghittl , yayg
Kl eri akcijer hastal éfj
¥nceden var ol an yakam
ki ddet | i -okl u organ yet
Ant i k oag g l-a&aentremdikasyonlar

R° | a&Kontréndikasyonlar

Yak BBI540
Bajéekéekl ejée baskeéel anmeécx
Yasal tébbi karar wveric
Kronik altta yatan ileri sistolikk al p y et me
Y ¢ ks e kv adzoozp r gereksihimi

(ve VAveyaV. VA ECMO i1 -1 n di



Te mel
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Kan A k 1. 6°#M.: 60-80 cc/kg/min (3 -6 liters/min)

Sweep (s U p U r) gas: Bange. A0 LPM
AAkide i si ky avkd geagg(h5-1.0L)

PaCO2 40 mm Hg tutaca e k falyadaer | a |
A Max. drenaj kapasitesini veren eny (i k saekkiag/ia r | alis start sweep at 2 LPM, ang/lood flow at 2 LPM
A RPM: pompa h 1, Folation per minute, centrifugal pump A Titrate frequently to engfire a controlled slow
speeds >3500 RPM increase hemolysis

modulation of pCO24nd pH

Pompag i miag 1:3icolul dnnt excee a00anmhe gENiriOxgyen i¥er: Fi02:21-100%




E C M O ZAMAN LAMA Ventilation pre-ECMO (Days) |

151

Timing of VV-ECMO therapy implementation influences
prognosis of COVID-19 patients o

=
=
L

Raphaél Giraud'*?® | David Legouisl’z’4’5 | Benjamin Assouline?® |

Amandine De Charriere"*” | Dumeng Decosterd® | Marie-Eve Brunner® |

Mallory Moret-Bochatay’ | Thierry Fumeaux*’ | Karim Bendjelid*”
Conclusion: The present results suggest that VV-ECMO can be safely utilized in
appropriately selected COVID-19 patients with refractory hypoxemia. The main in-
formation for clinicians is that late VV-ECMO therapy (i.e., beyond the seventh day

Ventilation Days
_..]

ch
i

of mechanical ventilation) seems futile. N —
Survivors Non-survivors

QOutcome

2021 ELSO GUIDELINES: ECMO FOR coviD-19 [ mobile ECMO is unavailable, consider referring patients

T to [ECMO centers “early,” |such as when partial pressure
% (S N\ of oxygen (PaO,): fraction of inspired oxygen (FiO,) <
. 100 mm Hg. If the decision to transport is made too late,
patients may be too unstable for transport.




Risk factors for mortality in patients with COVID-19 needing

extracorporeal respiratory support EUROPEAN RESPIRATORY JOURNAL
RESEARCH LETTER

J. RIERA ET AL.

Kaplan-Meier estimate (centre volume)

£

b) Kaplan-Meierestimate (pre-ECMO MV days) c¢) Kaplan-Meierestimate (age categories)

1.00 A 1.00 -
1.00 - +<3 +T7-9  +14-20 +<50 +50-65 +=65 +<30 + =30
ME R Nl 3 0754
L i +

=
-
L

Survival probability
: . =
n
=

Survival probability

0.75 -

0.50 - A

=
Ln
=

=
[ad
Ln

02591 p=0.00023

025 1p05 7 p<0.0001

Survival probability

0.00 4 |

=

=

=
=
=
=

T T T T T T T T T T T
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Days Days Days

In conclusion, when indicating ECMO support for ARDS in COVID-19 patients, centre case volume, age,
driving pressure and the duration of symptoms should be taken into account. Length of MV prior to

ECMO per se should not be included in this decision. In the management of these patients, PEEP levels
should be kept high during the first days.
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Feasibility and safety of extracorporeal CO, =
removal to enhance protective ventilation
in acute respiratory distress syndrome: the

SUPERNOVA study

Alain Combes', Vito Fanel| JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

care Medicine Tals Sroul Effect of Lower Tidal Volume Ventilation Facilitated by Extracorporeal
Carbon Dioxide Removal vs Standard Care Ventilation on 90-Day Mortality

in Patients With Acute Hypoxemic Respiratory Failure
The REST Randomized Clinical Trial

Extracorporeal carbon dioxide removal in acute hypoxaemic
respiratory failure: a systematic review, Bayesian meta-analysis od

and trial sequential analysis :
anical

Jonathan E. Millar ®%°, Andrew J. Beg,fle2 ® Thomas M. Drake®®, Claire E. Adams*, Adam W. Glass®,

Bronagh Blackwood?, James J. McNamee and Daniel F. McAulev 2
Near-Apneic Ventilation Decreases Lung Injury and Flbroprollferatlon at'?_:‘ Maastricht Treaty for
PO

in an Acute Respiratory Distress Syndrome Model with Extracorporeal o
pport Organization

Membrane Oxygenation
arto Lorusso’, Maximilian V. Malfertheiner®,

Joaquin Araos’, Leyla Alegria’, Patricio Garcia®, Pablo Cruces®*, Dagoberto Soto', Benjamin Erranz®, Grazioli'2 13

1 . & . 7 e . 1 8 g razioli =, Ryan P. Barbaro ',
Macarena Amthauer', Tatiana Salomon®, Tania Medina’, Felipe Rodriguez’, Pedro Ayala®, Gisella R. Borzone®, M. Bembea'’. Eddv Ean'®. Malaika Mendonca'®
Manuel Meneses®, Felipe Damiani''®, Jaime Retamal' *, Rodrigo Comejo™ ", Guillermo Bugedo ', and Alejandro Bruhn™ ' ’ Y ’ ’



ECCO,R

7 Double-lumen
catheter

A 250ile 1000 ml/dkd ¢ k ¢ K ak é&m bo

l/\;“ ‘:\
A

iz A\
o \ |
)

AKan oksijenasyonuna anl :

A Ekstrakorporeal V/V ya da A/V devre

A ARDSdekul | anémeé

AKOAH'kémdet !l i akut akluel vllaenne

AAkcijer transpbehkteskenukul

- _____________________________________________________________________________________________________________________________________________________|] & g E
KARADENIZ W) J
TECHNICAL UNIVERSITY T, i,
Faculty of Medicine
Bl c 1 .

0004 ALITIH |




Hi perkarbi Dekompanse hiperkapninin hastalar

| - bhassoéenu-1 ar é

Sol ventrikegl @epireisycoou o

Increased intracranial pressurel

Saj] v e afterfoadkinglhar t é K

Impaired diaphragm function? Acute right ventricular dysfunction3

U  Heffner JE & Sahn SA. Arch Intern Med. 1983;143:7651 769

Pulmoner arter vazokonstridksyonu

U Jonville S, et al. Eur Respir J. 2002;19:1079i 1086;

u D AM I 1 i Med. 2 1 [t
U Viitanen A, S a | me nij, eleinbnen J.. Anesthesiology 1990;73:393-400. . essap AM, etal. Intensive Care Med. 2009 35:1850i 1858

i Carvalho CR, Barbas CS, Medeiros DM, et al. Am J Respir Crit Care Med 1997;156:1458-66. G Nin N, etal. Intensive Care Med. 2017;43:200i 208.
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Blood Gas Analyses NIV ?
pH:7.20 /

pCO2:80
PaO2: 75
NIV Failure ?
Current Hemodynamics l
. IMV ?

f: 30/min

Heart rate: 130/ min l

Sp02:92 Current Blood Gas Analyses
pH:7.0
pCO2:170

PaO2: 75



Hastay!l ventil e

Current Ventilator Settings

Mode: A/C

UTek Akcijer Ventil &8%%0nu
RR: 10 I/E:1/4

i1 KOAH FiO2: 45
PEEP: 5

UYeni cerrahi ge-ir @pawoss

Current Blood Gas Analyses

pH:7.11
pCO2:151
PaO2: 70



Case

Ean Gazyv Servis )

PH T.111 L iT.EIE- - T.45

D02 151.4 FmH T H IE-E- - 45

o2 1E9.6 eemE g H |TCI - 104

HZO3-=2td 3E.6 EmolSL H iEl - 2g

Fan Gazy Servis

PH T. 246 L iT.EIE- - T.45

sz E3.9 mmHg H IE-E- - 45

02 230.2 el H |TI'CI - 100

HCO3—-scd 31.7 emol/L H [21 - 26

BE (=c£) 135 mmol S L H I—j - +3

Kan Gazy Servis i

PH T.303 L iTI'.EIE- - T.45

pli02 2.4 mmHF H IE-E- = 45

po2 250 .7 eemH g H |TI'CI - 100

ACO5—-scd 34.7 mmcl/L H Fl - 26

BE (ecf) 13. 5 pmolsL H -2 - +3

oTHE 103.8 g dL L !'_.E - 16

Ean Gazy Servis

= 7.465 H i?.as- -7

TCO2 SE.6 mmH T H |35 = 45

yayi EE.E Bl i L |TC| - 104

HCO3-=2Td 37.0 mmol/L H |21 - 26

BE (ecf£) LE_L mmol/L H I—j - +3
ECCOR2, Blood flow 350 -400 ml/ min sweep

gas 6lt/ min, ptt:45 -60




ECCO,RTKI 1 ni k Yakl akeém
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ECCO,R therapy in the ICU: consensus of a
European round table meeting

Alain Combes"'®, Georg Auzingerid'f, Gilles Capelliers’ﬁ_:, Damien du Cheyronﬁ, lan Clement®", - . ,
Guglielmo Consales” Wojciech Dabrowski'®™ David De Bels''", Francisco Javier Gonzalez de Molina Ortiz'#'3", A ECCOZR 0 nAR S ve aeCOPD 0 d e
Antje Gottschalk'*" Matthias P. HiIty‘STJ David Pestafia'®'”", Eduardo Sousa'®", Redmond Tully'gfr

Jacques Goldstein® and Kai Harenski®'

AYuvarl ak masa topl e

uygul anmaséné anl a

Abstract L ; : :
A Her iki endikasyoni - i n
Background: With recent advances in technology, patients with acute respiratory distress syndrome (ARDS) and
severe acute exacerbations of chronic obstructive pulmonary disease (ae-COPD) could benefit from extracorporeal

CO, removal (ECCO5R). However, current evidence in these indications is limited. A European ECCO,R Expert Round A h asta se-1 m kKrit er
Table Meeting was convened to further explore the potential for this treatment approach.

Methods: A madified Delphi-based method was used to collafe European experts’ views to better understand how A tedavi nin ne Z aman
ECCO,R therapy is applied, identify how patients are selected and how treatment decisions are made, as well as to

identify any points of consensus. A n e z aman sonl anac a

(Continued on next page)
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RESEARCH Open Access

ECCOs5R therapy in the ICU: consensus of a ™®
European round table meeting

Alain Combes'2"@®, Georg Auzinger>**, Gilles Capellier’®*, Damien du Cheyron”t, lan Clement®,

Guglielmo Consales®’, Wojciech Dabrowski'?!, David De Bels''?, Francisco Javier Gonzalez de Molina Ortiz' ">
Antje Gottschalk'*", Matthias P. Hilty'>", David Pestafa'®'”", Eduardo Sousa'®', Redmond Tully'®",

Jacques Goldstein?® and Kai Harenski?

cUltraprotectivee mechanical ventilation in ARDS

Initiation criteria

*DP >14

*Pplato >25

pCO2 > 60-80

pH < 7.25, RR > 25-30

Apply at least 48h
Reduce gas flow 0
After minimum 12 h stability (ph>7.30, RR<25)

ECCO,R

Control of hypercarbia in COPD

Initiation Criteria -Risk of NIV failure
*No decrease in Pa CO2 with NIV
*No decrease in RR

Clinic signs of RF, pH 7.25-7.30

No agreement in baseline pCO2

Initiation Criteria - On IMV

Previous intubation for ae-COPD

Failed SBT

Reintubation after first extubation

Severe bronchospasm-difficult to ventilate
MV<72h, and not improving

Patient with home MV and good quality of life

/

Weaning : Patients weaned from NIV or MV for > 6 h, pH>7.35, RR<25, FiO2<%40,sweep gas :0




ECMO Control

Events Total Events Total Risk Ratio

39

88 240

87 244

Mortality at hospital discharge or day 90

95%-Cl Weight

Does ECCO,R reduce mortality in ARDS?

We recommend against the use of ECCO,R
to reduce mortality in ARDS outside of RCT

Intervention Contro

Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Bein-2013 40 1000 800 39 9.30 9.00 L 0.70 [-3.06; 4.46] 31.7%

McNamee-2021 .10 [-3.86; -0.34] 68.3%

Total -1.21 [-3.77; 1.34] 100.0%

i3 Diffar
e de s v b eiiae e oo

Ventilator-Free days at 28 days
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