40 Years of Thinking about
Extra-Corporeal Support

37.5 seconds per year

2016, Toronto N By —

Luciano Gattinoni, MD, FRCP
Georg-August-Universitit Gottingen
Germany




The beginning
(~1970-1975)
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Worldwide experience of ECMO

(until 1975)

TABLE 1V
RATE OF FAVORABLE OUTCOMES
Time Related Rate of Favorable Outcome

o
Years o

1966-1972
1973

TABLE V

DISTRIBUTION OF ECMO CASES
Jan. 1974 - Dec. 1975

No. Teams ECMO Cases 30-day Survivors

United States 14 34 b
Canada 2 4
North America

Belgium
Germany
France
Europe 12

Total 28

*8 of which are participants in the NHLI Collaborative Study
(since June 1974).

5 OF USE OF EXTRACORPOREAL MEMBR
ON_(ECMOQ) IN THE TREATMENT OF
SPIRATORY INSUFFICIENCY (ARD

J. P. Gille and A. M. Bagniewski

Vol.XXIl Trans.Amer.Soc.Artif.Int.0Organs,
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ECCO,R and
the lung rest

concept
(~1975-1980)



The lung rest concept

Control of breathing using an
extracorporeal membrane lung
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Kolobow T, Gattinoni et al., Anesthesiology, 1977; 46: 138-141



Low-frequency positive pressure ventilation with
extracorporeal carbon dioxide removal

(LFPPV-ECCO,R): an experimental study
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Gattinont et al., Anesth. Analg, 1978; 57: 470-477
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Reprinted from THE LANCET August 9, 1980, pp. 292-294

TREATMENT OF ACUTE RESPIRATORY
FAILURE WITH LOW-FREQUENCY
POSITIVE-PRESSURE VENTILATION AND
EXTRACORPOREAL REMOVAL OF CO,
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We choose to rest the lung with diffusion
oxygenation (3 breaths/min), avoiding possible
pulmonary and extrapulmonary complications of
CPPV, and removed CO, through a membrane
lung by low-flow veno-venous bypass to make
lung rest feasible.

Gattinoni L. et al. THE LANCET 1980. 292-294



Clinical applications of ECLS
(1980-1995)

ECMO

Observations and

ECCO,R ) .
testing






LFPPV ECCO,R IN SEVERE ACUTE
RESPIRATORY FAILURE

ECMO CRITERIA + TSLC < 30 cmH,O
43 patients 21 survivors (49%)

Mean by-pass length:
survivors 5.4 £ 3.5 days
NonSurvivors 10.6 + 6.6 days

Bleeding: 1800 £ 500 ml/day

Gattinont et al., [AM.A, 1986; 256, 881-886



Salt Lake City study

e — NEW THERAPY
CONTROL TH%#@ZIT{
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Morris A.H. AJRCCM 1994, 149:295-305



The darkness
(1995-2009)

But....



Technical improvements




The explosion
(2009-today)

Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane
oxygenation for severe adult respiratory failure (CESAR):
a multicentre randomised controlled trial

Giles ] Peek, Miranda Mugford, Ravindranath Tiruvoipati, Andrew Wilson, Elizabeth Allen, Mariamma M Thalanany, Clare L Hibbert,
Ann Truesdale, Felicity Clemens, Nicola Cooper, Richard K Firmin, Diana Elbourne, for the CESAR trial collaboration

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

The Austraha and New Zealand JAMA. 2009:302(17):18

LLPF g

I’xtracorporeal Membrane
{ }X}:_*'I'Il:-_iliuzrrl (ANZ ECMO) Influenza

Invest i:_-_-":-_ilnl‘w:*:

Lancet 2009: 374: 1351-63




DID MORE PIGS
FOR ECMO THAN
WHATEVER
RANDOMIZED
TRIAL

Courtesy of Prof. Bartlett



CESAR Trial:
Results

Group

ECMO

Conventional
ventilation

Primary endpoint:
Survival or absence of
severe disability at 6
months

Survival before 6 months

Time from randomization
to death

57 of 90

57 of 90

15

41 of 87

47 of 87

RR 0.69
(95% CI 0.05-0.97)
P=.03

P=.07

February 5, 2008 (Honolulu) — Extracorporeal membrane oxygenation (ECMO) increases survival among adult patients with severe but potentially reversible
respiratory failure compared with conventional ventilatory support, according to findings from the Conventional Ventilation or ECMO for Severe Adult

Respiratory Failure (CESAR) trial.

http://www.medscape.com/viewarticle/569740

http://www.pilmonaryreviews.com/08april/PR ECMO.html



http://www.medscape.com/viewarticle/569740
http://www.pilmonaryreviews.com/08april/PR_ECMO.html

A new era Is coming...

Tidal Volume Lower than 6 ml/kg
Enhances Lung Protection: Role of
Extracorporeal Carbon Dioxide Removal

Pier Paolo Terragni, M.D.; Lorenzo Del Sorbo, M.D.;
Luciana Mascia, M.D., Ph.D.; Rosario Urbino, M.D.;
Erica L. Martin, Ph.D.; Alberto Birocco, M.D.; Chiara
Faggiano, M.D.; Michael Quintel, M.D.; Luciano
Gattinoni, M.D.; V Marco Ranieri, M.D.

Terragni PP. Et al. Anesthesiology. 2009 Oct;111(4):826-35.



Clinical indications

Rescue Buying time
Oxygenation  Hyperinflation Maintain the
(ARDS) (Asthma, COPD) life

(lowest price
until. ..)
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The near future
(expected 2017)

* EOLIA (severe ARDS)

For P<0.05 absolute survival improvement 20%, which means:
Protective ventilation produces at least 20% mortality

ECMO is free of lethal complications



The near future
(expected end 2016)

 SUPERNOVA (moderate ARDS)

Achievement of VT reduction to 4 mL/kg while maintaining pH and PaCO2 to +
20% of baseline values obtained at VT of 6 mL/kg.

* To prove that CO2 removal removes CO?2.
 To prove that alveolar hypoventilation with normal pH is possibile.

e Good 1dea???



ECCO2R and Hypoxemia

Compression atelectasis

Absorption atelectasis

Low VA/Q

A

Nitrogen ML

Decreased R

Low Plateau



P - i -
re EC_MO Usual ECMO ELSO | Physm_log_y based
baseline recommendation limits

Vt/IBW apneic oxygenation
(mL/kg) 6 4 3 I 5 + 3.6 (sighs)

oo, | 135 12.0 15.0 22.0

mpesare | 97,0 135 10.0  10.0

et | 305 255 250 32,0

o) 22 16 5 2

Mecfz;lri:if:)fower 22.1 8.4 2.4 1.3



Spontaneous Breathing + Membrane Lung

Bridge to Transplant ) (00d
Rehabilitation of COPD mmes) Great
Severe ARDS



The extracorporeal support

Allows partial reduction of MV

Allows complete abolishment of VE

Extracorporeal support and MV must be In
proportion to each other

How to enhance lung healing is never considered
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