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ODbjectives

ADescribe criteria to initiate ECMO in acute respiratory failure
ARecognize common contraindications for ECMO

AReview evidence supporting the use of ECMO in ARDS
ADescribe ventilator management on ECMO for ARDS
Aldentify common complications that can occur during E¥MO
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Pump

ACentrifugal

AGenerate flow by a spinning rotor which
applies suction to the blood inlet and
then propels blood outward from the
pump housing by generating a positive
pressure

A0 ¢ 4500 RPM
APreload and afterload sensitive



Oxygenator

ALarge thin membrane made of a
polymer which allows gas exchange ftt
occur by diffusion

AOxygenates the patient's blood, and
removes carbon dioxide.

A Blood from drainage side is pumped
In on one side, gas from the blender §
IS pumped into the other side. \
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N EnglJ Med. 2011 Nov 17;365(20):1908



Cannulae

ADrainage
AMulti-stage
A19 Frc 27 Fr

AReturn
A15 Frc 21 Fr

Poiseuille’s Law




Gas Blender / Flowmeter

AO, source

AUsually start at 100%, can
change the fraction of {during
weaning

AFlow of the gas
Al Tt SR aagSSLXE
AHow fast the gas flows




Heat Exchanger

MMMMMM

A Maintain body temperature |
AHeat loss for many reasons during ECMOS
A Gas flow is cold ., B4

A Blood flow exposed to room air
A Can cool patients as well if clinically
Indicateo
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Parameters that can be set

RPM




VV ECMO

A Only lung support

ClinChest Med®015; 36:378384



VV ECMO

A Only lung support

ClinChest Med®015; 36:378384



VA ECMO

AHeart AND lung support

ClinChest Med®015; 36:378384



Which respiratory failure patients can benefit
from ECMQO?




Patient Selection

ASevere respiratory failure that is potentiatigversible not improving
despiteoptimal medical managementAND without major
contraindications
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A Recovery
A Transplant
A Decision
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Management of Adult Patients Supported with Venovenous
Extracorporeal Membrane Oxygenation (VV ECMO): Guideline
from the Extracorporeal Life Support Organization (ELSO)

JoserH E. TONNALY, MD, MS,*t DarryL ABrams, MD,F DanieL Bropie™™, MDF Joun C. Greenwoob ™, MD,§
Josk ALFONSO  RUBIO MATFO-SIDRON, MD, § Asap Usman(@, MD, MPH, || axp Eppy Fan, MD, PhD#

Table 1. Indications/Contraindications for Adult VV ECMO

Common indications for venovenous extracorporeal membrane oxygenation
One or more of the following:
1) Hypoxemic respiratory failure (PaO,/FiO, < 80 mm Hg)", after optimal medical management, including, in the absence of contraindications,
a trial of prone positioning.
2) Hypercapnic respiratory failure (pH < 7.25), despite optimal conventional mechanical ventilation (respiratory rate 35 bpm and plateau

P P
Diffuse alveolar hemorrhage or pulmonary hemorrhage
Severe asthma

Severe inhalational injury
Large bronchopleural fistula

[ ]

[ ]

[ ]

e Thoracic trauma (e.g., traumatic lung injury and severe pulmonary contusion)

[ ]

[ ]

e Peri-lung transplant (e.g., primary lung graft dysfunction and bridge to transplant)

ASAIO J. 2021 Jun 1;67(6):61D.
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ASAIO Journal 2021 QS% Guidelines

Management of Adult Patients Supported with Venovenous
Extracorporeal Membrane Oxygenation (VV ECMO): Guideline
from the Extracorporeal Life Support Organization (ELSO)

JoserH E. TONNALY, MD, MS,*t DarryL ABrams, MD,F DanieL Bropie™™, MDF Joun C. Greenwoob ™, MD,§
Josk ALFONSO  RUBIO MATFO-SIDRON, MD, § Asap Usman(@, MD, MPH, || axp Eppy Fan, MD, PhD#
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Relative contraindications for venovenous extracorporeal membrane oxygenation

Central nervous system hemorrhage

Significant central nervous system injury

Irreversible and incapacitating central nervous system pathology

Systemic bleeding

Contraindications to anticoagulation

Immunosuppression

Older age (increasing risk of death with increasing age, but no threshold is established)
Mechanical ventilation for more than 7 days with Pplat >30cm H,0and FO, >90%

ASAIO J. 2021 Jun 1;67(6):81D.



Study Factors That Worsen Prognosis

Pappalardo et al** (N = 60) Increased length of hospital stay pre-ECMO
Increased creatinine

Increased bilirubin

Lower MAP

Lower haematocrit

Schmidt et al®® (N = 140) Age

_Immunocompromise |
Length of mechanical ventilation before ECMO > 6 d |
Pplat > 30 cm Hz0
PEEP < 10 cm H.0

L_Higher SOFA score |

Roch et al** (N = 85) Higher age
| Higher SOFA score

Enger et al* (N = 304) Increased age

I Immunocompromise |
Minute ventilation
Low pre-ECMO hemoglobin
High day 1 Fio;
High day 1 norepinephrine dose
Low day 1 fibrinogen

Schmidt et al®? (N = 2,355) ncreasing age
Immunocompromise

Increased length of mechanical ventilation prior to ECMOl
Extrapulmonary infection

Higher peak inspiratory pressure

Neurologic dysfunction

Bicarbonate (HCOs ) infusion pre-ECMO

Higher Paco,

Nitric oxide use pre ECMO

Cardiac arrest

Hilder et al®* (N = 108) Longer length of hospital stay before ECMO
Lower MAP

Higher lactate

Lower pH

Lower platelet concentration

Chest. 2020 Sep;158(3):103645.
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Indications for VV-ECMO:

1.

Severe hypoxemic respiratory failure

a. Pa0;:Fi0; ratio < 80 mm Hg for more than 6 hours, despite optimal management
listed below:
Optimized PEEP (Best PEEP trial, esophageal balloon, PV tool)
Neuromuscular blockade
Inhaled pulmonary artery vasodilator
Prone positioning
1. only contraindication to proning is spinal cord instability (elevated BMI is
not a contraindication)

c o T

Severe hypercarbic respiratory failure
a. pH <7.2 and PaCO; > 80 mm Hg for more than 3 hours
Inability to maintain lung protective ventilation for ARDS patients
a. Pplar> 30 cm H>0 on lung protective ventilation

To maintain viability as a lung transplant candidate

. Perioperative support for complex airway/lung surgeries
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Absolute contraindications:

1. Non-recoverable multiorgan failure (excluding cardiopulmonary)

2. Receipt of mechanical ventilation for 10 days or longer (7 days if on high ventilatory
settings; F10; > 70%, Pplas > 30 cm H»0)

3. TIrreversible neurologic injury or unknown neurologic status

4. Expected life expectancy < 6 months

5. Active cardiac arrest

6. Significant baseline comorbidities including but not limited to the following:

a. Advanced chronic heart failure in a patient that is not a candidate for any
destination therapy

Long-term chronic respiratory insufficiency treated with oxygen therapy in a
patient that is not a lung transplant candidate

ESRD on hemodialysis

Cirrhosis (MELD > 30)

Severe neurologic disability/dementia

Unable to perform ADL’s at baseline

s
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What Is the evidence?
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United States Regional Summary - April, 2022

ECLS Registry Report
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United States Summary 15\9 y% Extracorporeal Life Support Organization
Ii‘ 3001 Miller Rd
April, 2022 Ann Arbor, Ml 48103 USA
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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

Inclusion

A 18¢65 years with severe but potentially
reversible respiratory failure

AadzZNNI & aO0O2NB x o
A PaO2/FiO2 ratio
A Positive eneexpiratory pressure
A Lung compliance
A Chest radiograph

A Uncompensated hypercapnia with a pH < 7.2
despite optimum conventional treatment

Lancet2009; 374: 135463

Exclusion
A PIP > 30 cm H20 or FIO2 > 80% for 7 days

A Signs of intracranial bleeding

A Any other contraindication to limited
heparinisation

A Any contraindication to continuation of active
treatment



CESARResults

ECMO group Conventional Relative risk
(n=90)* management group (95% Cl, p value)
(n=90)
Death or severe disability at 6 months NA NA 0-69 (0-05-0-97, 0-03)t
No 57 (63%) 41 (47%)% NA

— — Conventional management
— ECMO*

Patients (%)

Yes 33 (37%) 46 (53%)+ NA

No information about severe disability 0 3(3%)§ NA
|T)ied at =6 months or before discharge NA NA 0-73 (0-52-1-03, U-OT‘

No 57 (63%) 45 (50%) NA
Yes 33 (37%) 45 (45%) NA

T
100

Time (days)

Patients at risk
Conventional management 90 44 44

43/68 (63%xpurvived that actually went on ECMO ECMO® 90 59 58

Figure 2: Kaplan-Meier survival estimates
ECMO=extracorporeal membrane oxygenation. “Patients were randomly allocated to consideration for treatment
by ECMO, but did not necessarily receive this treatment.

Lancet2009; 374: 135463
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ESTABLISHED IN 1812

MAY 24, 2018

Extracorporeal Membrane Oxygenation for Severe Acute
Respiratory Distress Syndrome

VOL. 378 NO. 21

Inclusion Exclusion
A i A < 18vr A A moribund condition or a
i i1ati S SAPR I f
A Pao2:Fio2 of < 80 mm Hg for > 6 hours A gﬂaf;ihanlcal ventiation for=7 hang0 o
. P A Current normdrug-induced
AL 2F f TO®Hp GAGK t | OPegrancg T x cn m{ aftef carfiiac afregt NJ
hours A BMI > 45 A Irreversible neurologic injury

A with the respiratory rate increased to 35 breaths
per minute on protective mechanicakntilation
settings

N Engld Med 2018;378(21):196B75

A Decision to withhold or
withdraw life-sustaining
therapies;

A Expected difficultyn
obtaining vascular access

A Chronic respiratory insufficiency

A Cardiac failure resulting in VA
ECMO

A Hx of HITT

A Cancer with a life expectancy of
< 5years

b C



EOLIA Results

Table 2. End Points.*

ECMO Group Control Group Relative Risk or Difference

End Point (N=124) (N=125) (95% CI)7 P Value

Primary end point: mortality at 60 days — no. (%) 44 (35) 57 (46) 0.76 (0.55 to 1.04)

ECMO group

Control group

Probability of Survival

P=0.07 by log-rank test

10 20 30
Days

No. at Risk
ECMO 124 105 100 92 88 83 80
Control 125 94 81 79 74 72 69

Figure 2. Kaplan—Meier Survival Estimates in the Intention-to-Treat Popula-
tion during the First 60 Days of the Trial.

N EnglJ Med 2018;378(21):196B275



ORIGINAL

: . ®
ECMO for severe ARDS: systematic review

and individual patient data meta-analysis

Alain Combes'?'®, Giles J. Peek®, David Hajage®, Pollyanna Hardy®, Darryl Abrams®’, Matthieu Schmidt'?,
Agnés Dechartres® and Diana Elbourne®

Table 2 Endpoints

ECMO group Control group Relative Risk or p value

(N=214) (N=215) difference (95% Cl)

Primary endpoint

Day 90 mortality—no. (%) 103 (48) 0.75 (0.6-0.94) 0

Intensive Care Med (2020) 46:2@2857



Meta-analysis Results

Fig. 1 Forest plot of 90-day mortality in the intention-to-treat population

Study ECMO Conventional Weight Risk Ratio [95% CI]
CESAR 31790 44 /90 — 408 0.70[0.49, 1.00]
EOQOLIA 46/ 124 59 /125 —a— 59.2 0.7910.59, 1.06]
Total 777214 103 /215
RE one-step model — 0.75[0.60, 0.94]
RE two-steps model —— 0.75[0.60, 0.94]
Q=022 df=1,p=064:1°=0.0%, v =0.00
[ l |
0.25 0.5 1 2
Favours ECMO Risk Ratio Favours Conventional

Intensive Care Med (2020) 46:2@2857




Meta-analysis Results

ECMO group

Conventional group

HR: 0.65 95% CI[0.49, 0.88]

Probability of surviving

I | |
30 40 50

Days
No. at risk
ECMO 214 180 173 161 154 144 141 139 139
Conventional 215 157 130 125 120 118 114 113 113
Fig. 2 Kaplan—Meier survival estimates in the intention-to-treat
population of the time to death within the first 90 study days

.

Intensive Care Med (2020) 46:2@2857



How does VAECMO help iIn ARDS??

AMaintain oxygen delivery
ARemove CO

ARest lungs
A Allows reductions in the mechanical forces contributing to ventilator

Induced lung injury
AUltra-lung-protective ventilation




Supplementary data from EOLIA

—&— ECMO —e— Control




Supplementary data from EOLIA

—— ECMO —— Control




Table 1. Ventilatory Parameters before and after Extracorporeal Life Support Initiation in Studies of ECLS for Acute Respiratory Distress Syndrome

Retrospective Studies Prospective Studies

Serpa Neto
Schmidt et al. (54) Marhong et al. (55) et al. (53) Xtravent (46) EOLIA (1) SUPERNOVA (52) LIFEGARDS (56)

Before After Before After Before After Before After Before After Before After Before After
ECLS ECLS* ECLS EcLS' EcLs EcLs' EcLs EcLs’ EcLs EcLs' EcLs EcLs' EcCLS EcCLs?

V1, ml/kg PBW 6.3 3.9 6.1 3.9 6.0 4.0 59 3.4 6.0 3.4 6.0 4.2 6.4 3.7
RR, breaths/min 22.0 15.0 — — 21.9 17.8 22.4 22.2 30.4 23.1 27.4 23.5 26 14
Ve, L/min 8.8 3.6 — — 9.1 5.0 9.9 5.8 — — 10.2 5.9 10.2 3.5
PEEP, cm H,O 13.0 12.0 14.0 12.0 13.7 12.9 16.1 171 11.7 11.2 13.6 14 12 11
Pplat, cm H,0 32.2 26.4 32 25.5 31. 26.2 29.0 25.1 29.8 24.4 27.7 23.9 32 24
AP, cm H,O 19 13.7 18 13.5 17.7 13.7 12.9 8.0 17.8 13.2 13.2 9.9 20 14
Crs, ml/cm H-O 23.2 99 22.7 9.4 26.8 23.2 34.4 32.2 25.0 20. 1 — — 24 BS)
Fio, 0.96 0.60 0.99 0.40 0.90 0.69 0.62 0.54 0.96 0.50 — — 1.0 0.5
Paco,, mm Hg 66.0 40.5 — — 58.3 40.3 57.3 53.9 57 38 48 46.7 68 42
pH 7.24 7.41 — — 7.27 7.39 7.34 7.38 7.24 7.37 7.34 7.39 7.24 7.4
Pagp ;’F|02, mm Hg 67.0 — 61.0 — 72.6 152.5 152 154.5 73 — 168 168 71 —
Qg, L/min — 45 — 3.0 — 4.3 — 1.3 — 5.0 — 0.4 — 4.2

Am J RespfCrit Care Med Vol 201ss5, pp 514525



Recommendations from International ECMO
Network

Table 2. Suggested Initial Mechanical Ventilation Targets during ECLS for Acute Respiratory Distress Syndrome

Parameter Target Notes
Pplat* =24 cm H,0; may choose
to go lower if feasible
Driving pressure* =14 cm H>0
VT Adjust for goal Pplat Typically =4 ml/kg PBW, often much lower
Respiratory rate’ =10 breaths/min Typically only achieved when sedation, with or without NMBAs, is being
used. Consider increased sweep flow to achieve, when appropriate
PEEP* =10 cm H,0 See text for circumstances that may warrant particularly high levels of PEEP
Fio,” 0.3-0.5 Higher Fio, may be necessary if ECLS is inadequate for achieving

acceptable levels of oxygenation
Adequate oxygen delivery is the primary goal, not a particular Sag,

Am J RespfCrit Care Med Vol 201ss5, pp 514525



ELSO GUIDELINE FOR ADULT VV ECMO

Table 3. Recommended Mechanical Ventilation Settings During Adult VW ECMO

Parameter Acceptable Range Recommendation

Comments

Inspiratory plateau <30cmH,0 <25cm H,0
pressure (P o )
PEEP 10-24cm H,0 210cm H,0

4-30 breaths/min  4-15 breaths/min (set
RR) or spontaneous
breathing

30-50% As low as possible to
maintain saturations

ASAIO J. 2021 Jun 1:67(6):@&1D.

Further reductions in Pplal below 20cm H,0O may be associated with less
VILI and improved patient outcomes?*-2°
Reductions in P__ and tidal volume may lead to atelectasis without

sufficient PEEPI%E PEEP can be set according to various evidence-based
methods (e.g., ARDSNet PEEP-FO, table or Express trial strategy) while
maintaining the P__ limit*’

CO, elimination is being provided primarily by VV ECMO, reducing the need
for high minute ventilation (which may be associated with more VILI)

Oxygenation is being provided primarily by VV ECMO, reducing the need
for high F.O, from the ventilator unless required to maintain adequate
genation




Management of ARDS patient while onr VV
ECMO

AGood general ARDS management

ASedation/analgesia

A Allow for nonrinjurious
breathing/ventilation

AConservative fluid management
A Negative fluid balance

AClose attention to hemodynamics

A Specifically watching for RV
dysfunction

AClose monitoring for ECMO
complications



