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ECCO,R for hypoxic respiratory failure

* Optimal ventilatory strategy
» Evidence for ECCO,R
« Planned clinical trials
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Lung protective ventilation

Early implementation

Timing of Low Tidal Volume Ventilation and Intensive Care Unit
Mortality in Acute Respiratory Distress Syndrome

A Prospective Cohort Study

Dale M. Needham'-%4, Ting Yang®, Victor D. Dinglas'?, Pedro A. Mendez-Tellez':®, Carl Shanholtz®,
Jonathan E. Sevransky’, Roy G. Brower?, Peter J. Pronovost'*®, and Elizabeth Colantuoni'*®

Abstract

Rationale: Reducing tidal volume decreases mortality in acute
respiratory distress syndrome (ARDS). However, the effect of
the timing of low tidal volume ventilation is not well understood.

Objectives: To evaluate the association of intensive care unit
(ICU) mortality with initial tidal volume and with tidal volume
change over time.

Methods: Multivariable, time-varying Cox regression analysis

of a multisite, prospective study of 482 patients with ARDS with
11,558 twice-daily tidal volume assessments (evaluated in milliliter
per kilogram of predicted body weight [PBW]) and daily assessment
of other mortality predictors.

Measurements and Main Results: An increase of 1 ml/kg PBW
in initial tidal volume was associated with a 23% increase in ICU
mortality risk (adjusted hazard ratio, 1.23; 95% confidence interval
[CI], 1.06-1.44; P=0.008). Moreover, a 1 ml/kg PBW increase in

AJRCCM 2015 191:177-85

subsequent tidal volumes compared with the initial tidal volume
was associated with a 15% increase in mortality risk (adjusted
hazard ratio, 1.15; 95% CI, 1.02-1.29; P = 0.019). Compared with

a prototypical patient receiving 8 days with a tidal volume of 6 ml/kg
PBW, the absolute increase in ICU mortality (95% CI) of receiving
10 and 8 ml/kg PBW, respectively, across all 8 days was 7.2%
(3.0-13.0%) and 2.7% (1.2-4.6%). In scenarios with variation in
tidal volume over the 8-day period, mortality was higher when

a larger volume was used earlier.

Conclusions: Higher tidal volumes shortly after ARDS onset were
associated with a greater risk of ICU mortality compared with
subsequent tidal volumes. Timely recognition of ARDS and
adherence to low tidal volume ventilation is important for reducing
mortality.

Clinical trial registered with www.clinicaltrials.gov (NCT 00300248).

Keywords: acute lung injury; tidal volume; artificial respiration;
prospective studies



Lung protective ventilation

2-year mortality
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Lung protective ventilation

2-year mortality
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Ventilation with low tidal volume In

patients without ARDS
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Patients undergoing elective surgery

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

A Trial of Intraoperative Low-Tidal-Volume
Ventilation in Abdominal Surgery

Emmanuel Futier, M.D., Jean-Michel Constantin, M.D., Ph.D.,
Catherine Paugam-Burtz, M.D., Ph.D., Julien Pascal, M.D.,

Mathilde Eurin, M.D., Arthur Neuschwander, M.D., Emmanuel Marret, M.D.,
Marc Beaussier, M.D., Ph.D., Christophe Gutton, M.D., Jean-Yves Lefrant, M.D., Ph.D.,
Bernard Allaouchiche, M.D., Ph.D., Daniel Verzilli, M.D., Marc Leone, M.D., Ph.D.,

Audrey De Jong, M.D., Jean-Etienne Bazin, M.D., Ph.D., Bruno Pereira, Ph.D.,
and Samir Jaber, M.D., Ph.D., for the IMPROVE Study Group*

NEJM 2013 369:428-437 Q



How low Is low enough?
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How low Is low enough?

End Inspiratory

* 4ml/kg
reduced
— Faci

* 30% patients with ARDS
hyperinflation with 6ml/kg PBW

PBW and Ppiat < 28cmH20
oulmonary cytokines

co,

itated with extracorporeal
removal

5
Terragni et al. AJRCCM 2007, Terragni et al. Anesthesiology 2009 Q



How low Is low enough?
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Extracorporeal support; then and now

FIGURE 3.4 The first successful extracorporeal life support patient, treated by J. Donald Hill using the
Bramson oxygenator (foreground), Santa Barbara, 1971.




Extracorporeal support techniques

Partial extracorporeal

Total extracorporeal

support (ECCOR) support (ECMO)

Renal support (CVVH)

V=¥ V=v A=V W=y A=Y
Blood flow (1,/min) 0.2-03 0.3-0.5 1.0-25 2.0-50 5.0
Vascular access V=V shunt V=V shunt A=V V=V shunt A=V shunt

temoral shunt

Catheter's diometar 12F 14 F A: 13 Inlet 19-24 A 19-24
{F) Doubledumen Double-lumen V: 15 Outlet 15-21 V: 16
Priming volume |mil) 140-160 300 350 500 500
Meeds for heparin (IU/min) 4-12 4-18 3.5-10 10-20 10-20
Membrane surface (m’) - 1.3 1.3 1.8 1.8
CO, extraction (% of boseline) - 25 50 =50 =50
O transter (ml/min) - 10 20-60 140-340 340

Terragni 2012 Curr Opin Crit Care




ECCO,R effects In hypoxic

respiratory failure

« Modulate hypercapnia



Hypercapnia in lung protective

ventilation

i 12 mi/kg PBW* | 6 mUkg PBW*
P,CO; Tidal Volume | Tidal Volume
Definition pH {(mm Hg) N=369 N=351
Mect definition | Meet definition
N (%) N (%)
HA, < 7.40 > 40 37 (10%) 104 (28%)
HA; < 7.35 > 45 13 (4%) 53 (14%)
HA; <735&>7.15| >45 & <65 11 (3%) 45 (12%)
Respiratory — . 0
Alkalosis (RA) =745 <35 60 (16%} 36 (10%)
Adjusted ]
12 mlkg PBW* Tidal Volume | ORS§ 95% CI P Value
HA 0.32 0.13-0.79 0.013
HA, 0.14 0.03-0.70 0.016
HA, 0.06 0.01-0.47 0.008
6 ml’kg PBW Tidal Volume
HA 1.07 0.61-1.90 0.808
HA, 1.18 0.59-2.35 0.639
HA; 1.01 0.48-2.10 (.987

Kregenow et al. CCM 2006;34:1-7




Curley et al. Critical Care 2011, 15:212
http://ccforum.com/content/15/2/212

@ CRITICAL CARE

Can‘permissive’ hypercapnia modulate the
severity of sepsis-induced ALI/ARDS?

Gerard Curley, Mairead Hayes, and John G Laffey*
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ECCO,R effects In hypoxic

respiratory failure

« Early spontaneous ventilation



Intensive Care Med (2009) 35:1100-1105
DOI 10.1007/s00134-009-1426-3 BRIEF REPORT

Steffen Weber-Carstens Hypercapnia in late-phase ALI/ARDS:

Matthias Homel providing spontaneous breathing using
dria e)a -

Martin MacGuill pumpless extracorporeal lung assist

Christiane Dreykluft
Udo Kaisers

.......................................................

« ARDS > 1 week

* Median reduction in pCO, —
50%

* Facllitated low tidal volumes - [
* Reduction in sedation

L
- Spontaneous breathing . H E E[j

0,00 4

0,80
p-ECLA insertion

Midazolam mg/kg/h

prior p-ECLA  day 2 day 3 day 4



ECCO,R objectives in ARDS

« Lower volume and pressure ventilation



Preliminary Communication

TREATMENT OF ACUTE RESPIRATORY
FAILURE WITH LOW-FREQUENCY
POSITIVE-PRESSURE VENTILATION AND
EXTRACORPOREAL REMOVAL OF CO,

L. GATTINONI* A. AGOSTONIT
A. PESENTT* A. PELIZZOLA*
G. P. Rossr* M. LANGER*
S. VESCcONI* L. UzIELT

U. Fox#F F. LONGONIE

T. KOLoBOWS G. DaMia*

*Istituto di Anestesiologia e Rianimazione, T Istituro di Clinica
Medica VII, and FIstituro di Clinica Chirurgica III, Universita di
Milano; and §National Institutes of Health, Bethesda, Maryland,

U.S.A.

Summary Terminal respiratory failure was reversed in

three patients with a combination of extra-
corporeal CO, removal through a membrane lung and
oxygen diffusion into the diseased lungs between mechanical
breaths induced at a frequency of 2—3/min. The technique
seems to prevent the pulmonary barotrauma and extrapul-

monary derangements caused by conventional mechanical
ventilation.

THE LANCET, AUGUST 9, 1980 Q




Randomized Clinical Trial of Pressure-controlled Inverse

Ratio Ventilation and Extracorgoreal CO., Removal for
Adult Respiratory Distress Syn
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Limiting tidal volume with arterio-venous

extracorporeal CO2 removal (ECCO,R)

Intensive Care Med (2013) 39:847-856
DOI 10.1007/s00134-012-2787-6 ORIGINAL

Thomas Bein 1 ~

rhomas Beln Lowet tidal }folume strategy (~ 3 ml/kg)
Anton Goldmann combined with extracorporeal CO, removal
Thomas Miiller ‘ - y - - -
Thomas Staudinger versus ‘conventional’ protective ventilation
Jorg Brederl: .

Rl::ig Ml;leelrern?:;ch le ml/kg) In severe ARDS

Rolf Dembinski

Bernhard M. Graf The prospective randomized Xtravent-study

Marlene Wewalka
Alois Philipp
Klaus-Dieter Wernecke
Matthias Lubnow
Arthur S. Slutsky



Xtravent study

Results

All patients

avECCO,-R Control p
Ventilator-free-days-28 0.779
Ventilator-free-days-60 0.469
Non-pulmonary organ failure free days-60 0.447
Lung injury score on day 10 (0.854
Length of stay in hospital (days) 0.113
Length of stay in ICU (days) 31.3 £ 23 229 + 11 0.144
In-hospital mortality 7140 (17.5 %) 6/39 (154 %) 1.000

O



Patients with PaO2/FIO2 < 150
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ECCO,R for respiratory failure and ARDS:

a systematic review

Fitzgerald et gl Critical Care 2014, 18222
Petpfccionam comicontent 183222 ‘c: CRITICAL CARE
REVIEW

Extracorporeal carbon dioxide removal for
patients with acute respiratory failure secondary
to the acute respiratory distress syndrome: a
systematic review

Marianne Fitzgemld', Jonathan Millar, Bronagh Blackwood, Andrew Davies, Stephen J Brett, Daniel F McAuley and

James | McNamee



ECCO,R for respiratory failure and ARDS:

a systematic review

 ARDS or acute respiratory failure

« 14 studies
— Clinical trial or observational study

— 7 using arterio-venous circuits and 7 using veno-venous
circuits

« ECCO,R is feasible but robust data is lacking
« Potential benefit

— Moderately severe ARDS

— Early implementation

Fitzgerald M et al. Critical Care 2014 18:222 Q



2. CO2 retention on mechanical ventilation despite high Pplat (=30 cm H20)

Low flow VV with a pump can be used for selective CO2 removal when the risk of arterial
complication is unacceptable.



UK national survey on ECCO,R for

respiratory failure

. 2%
If a simple v-v gas exchange

device was available, would you v

consider using it in respiratory es

failure? | ®Unsure
81% No

Would you consider taking part

In a clinical trial of such a

system? Yes

“No

91%
30% had used ECCO,R Q



pRotective vEntilation with veno-venousS lung

assisT In respiratory failure — The REST Trial

Health Technology Assessment m

P
rogramme National Institute for

Health Research

HTA no 13/143

Venovenous extracorporeal carbon dioxide removal
(VV-ECCOZ2R) in adults with respiratory failure

Introduction

The aim of the HTA Programme is to ensure that high quality research information on the
effectiveness, costs and broader impact of health technology is produced in the most efficient way for
those who use, manage, provide care in or develop policy for the NHS. Topics for research identified
and prioritised to meet the needs of the NHS. Health technology assessment forms a substantial
portfolio of work within the National Institute for Health Research and each year about fifty new studies
are commissioned to help answer questions of direct importance to the NHS. The studies include both
primary research and evidence synthesis.

Research Question:

What is the clinical and cost-effectiveness of venovenous extracorporeal carbon dioxide
removal (VV-ECCOZ2R) in adults with respiratory failure?

. Intervention: Venovenous ECCO2R with lung protective ventilation.

. Patient group: Adult patients with moderately severe acute type 1 (hypoxaemic) respiratory failure
(applicants to define, in light of existing research and relative services existing in the UK).

. Setting: Intensive care units.

. Control: Conventional mechanical ventilation.

. Study design: Randomised controlled trial with an internal pilot.

. Important outcomes: Pilot: To determine if recruitment will be successful and to establish any
necessary procedures regarding the CO; removal device. Main trial: Survival (at day 28; at hospital
discharge; at 1 year); HRQol at 90 days and 1 year post ICU discharge; respiratory complications
including long term lung damage, the need for home oxygen treatment after discharge.

Other outcomes: Effect of VV-ECCOZR on tidal volumes used when ventilating patients; ability to
wean patient off ventilator; cost-effectiveness.

7. Minimum duration of follow-up: 1 year.

Longer-term follow up: Researchers to consider building in provision, if appropnate, for a simple

mechanism for long-term follow up using routine data bases/sets; including obtaining consent for

this from participants at trial entry.

(="

[ B



pRotective vEntilation with veno-venouS

lung assisT In respiratory failure (REST)

UK multi-centre, open, randomised controlled trial
Population

— Reversible cause of respiratory failure

— PF ratio <150mmHg on >5 cmH,O PEEP

— Within 48 hours of hypoxia criterion

ECCO,R or standard care

Outcomes

— Primary: 90-day mortality

Sample size 1120 patients



Intervention

« Single dual lumen catheter

« Very low tidal volume ventilation defined as:
— V, of 3-4 ml/kg (PBW) and
— Plateau pressure < 25cmH,0

« ECCO,R will be continued for a minimum of 2 days and
up to 14 days

« Device is weaned when there is clinical improvement

« Aim to extubate on ECCO,R although if not feasible can
wean ECCO,R



Comparator

* Lung Protective Mechanical Ventilation as per ARMA
trial

— V,6-8 ml/kg (PBW) and
— Plateau pressure < 30cmH,0O



Standard care

« PEEP based on the ARDSnhet ARMA trial

« Oxygenation will be titrated aiming for SpO2 of 88%-
92% or PaO2 7-9kPa.

* Permissive hypercapnic respiratory acidosis aiming for a
pH=7.2

« Conservative fluid balance

« Can receive neuromuscular blockade

« Can receive prone positioning

« Standardised weaning recommended



SUPERNOVA

s -

TRIALS GROUP

EUROPEAN SOCIETY OF

INTENSIVE CARE MEDICINE

SUPERNOVA: A STRATEGY OF ULTRAPROTECTIVE
LUNG VENTILATION WITH EXTRACORPOREAL CO,
REMOVAL FOR NEW-ONSET MODERATE TO
SEVERE ARDS.



Comparison of planned trials

REST SUPERNOVA
Population ARF ARDS
Intervention Single device Any device
Ventilatory
strategy
Outcome 90-day 90-day




Challenges in clinical trials

« Complex health intervention
— Process evaluation

« ECCO,R arm

— Very low tidal volume ventilation
— Likely higher PEEP

— Role of hypercapnia

— Administration of heparin

* Learning curve



Conclusions

ECCO,R for hypoxic respiratory failure remains
unproven

Increasing use in the absence of evidence from
clinical trials

Systematic review suggests benefit with early use
and if PF ratio <150 mmHg

Need for large pragmatic clinical trials to define
the role of ECCO,R in acute hypoxic respiratory

fallure



