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Evangelia Akoumianaki; Annals of Intensive Care 2021



ECMO mode

Veno-arterial ECMO
X FFOOER S Mo R

VA-ECMO

Returning oxygenated

Femoral artery

De-oxygenated blood

Veno-venous ECMO
SAEER M
B

Returning oxygenated
blood

Internal jugular vein

De-oxygenated blood

Anil K. Pillai; Cardiovascular Diagnosis and Therapy 2018



Double lumen bicaval cannula

* Minimal recirculation / shunt of oxygenated blood

* Avoids additional femoral cannulation
* Allows the use of prone positioning
* Early mobilization

5 Avalon Elite bicaval dual lumen cannula

Carlo Banfi; Journal of Thoracic Disease 2016
<E-EmezER Vanessa Marie Bazan; Indian Journal of Thoracic and Cardiovascular Surgery 2021



Hybrid ECMO

* Providing hemodynamic support
* Ensuring oxygenated blood
* reaches the pulmonary circulation and left ventricle

* Need for higher venous drainage
* (double venous cannula)

VV-A ECMO

Aakash Shah; JTCVS Techniques 2021



Parallel ECMO

Parallel Circuits

* flow limitations of a single ECMO circuit

* insufficient for adequate support f\

* Unusually high cardiac output state \ &1
¢ ObeSIty Parallel VV ECMO

 Septic shock with heart failure
* Refractory hypoxemia

7
Aakash Shah; JTCVS Techniques 2021
& EmezER Eun Seok Ka; ] Chest Surg 2024
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History

* First successfully deployed in ARDS (1971)

e 24-year-old male; blunt trauma
e venoarterial perfusion
 Bramson-membrane heart-lung machine

J. Donald Hill; NEJM 1972
Warren M. Zapol; JAMA 1979



CESAR trial

Severe (Murray score >3.0 or pH <7.20) but potentially reversible respiratory failure

®referral to consideration for treatment by ECMO

@ continued conventional management

68 (75%) patients actually received ECMO

10 Control group: 70% received low TV

&> ERE TR

— — Conventional management

ECMO*

Patients at risk
Conventional management 90
ECMO* 90

Figure 2: Kaplan-Meier survival estimates
ECMO=extracorp :
by ECMO, but did not necessar this treatment.

yrporeal membr. nation. *Patients were randomly allocated to consideration for treatment

We recommend transferring of adult patients to a
centre with an ECMO-based management protocol

Giles J Peek; Lancet 2009



EOLIA trial

P/F<50 mmHg for 3 hours
P/F<80 mmHg for 6 hours
pH<7.25 and PaCO2>60 for 6 hours

Table 2. End Points.*

ECMO Group Control Group Relative Risk or Difference
End Point (N=124) (N=125) (95% CI)T P Value

ECMO group

Control group

-10 (-221t0 2)

Probability of Survival

23 (13-34) 3 3) 5(-1to 10)
P=0.07 by log-rank test

No. at Risk

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

Treatment failure:
*ECMO group: death
*Control group :
11 * Crossover to ECMO: 35

— * Death
B ERR IR A. Combes; NEJM 2018



Meta-analysis

60-day mortality

ECMO
Events

Peek et al (2009)?
Combes et al (2018)*

Combined
Heterogeneity: t°=0-00; ¥’=0-47, df=1, (p=0-49); I’=0%
Test for overall effect: Z=2-66 (p=0-008)

30-day mortality

Peek et al (2009) 29
Noah et al (2011)° 11
Pham et al (2013)* 26
Tsai et al (2015)* 22
Combes et al (2018)"° 32

Combined 120
Heterogeneity: T'=0-08; y’=11-92, df=4, (p=0-02); ’=66%
Test for overall effect: Z=2-31 (p=0-02)

cmv

Events

mv

Events

05 07

Weight (%)

40-9%
59-1%

100-0%

15 2

<+— —P>
Favours ECMO  Favours CMV

4+—
Favours ECMO

o
Favours CMV

Weight (%)

Risk ratio (95% Cl)

0-66 (0-46-0-95)
0-78 (0-57-1-06)

0-73 (0-58-0-92)

Risk ratio
(95% Cl)

0-66 (0-46-0-95)
0-35 (0-19-0-65)
1.24 (0-81-1-90)
0-65 (0-46-0-91)
0-70 (0-48-1-02)

0-69 (0-50-0.95)
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ECMO vs. prone position

Taiwan Severe Influenza Research Consortium
* Eight referral hospitals in Taiwan
* October 1, 2015, and March 31, 2016

Before matching After matching

Characteristics Prone positioning ECMO group P Prone positioning ECMO group p
group (n = 45) group (n = 44)
(n = 57) (n = 44)

98.0 + 55.2 101.3 + 70.7 0.698  96.3 -+ 56.6 100.0 + 71.0  0.854

Before matching After matching

Outcomes Prone positioning ECMO group p Prone positioning ECMO group p
group (n = 45) group (n = 44)
(n = 44)

. Prone positioning group
1

LLA_I( MO group
B

W

Mortality — no. (%)
At day 30
At day 60
Hospital

Log rank test

Prone positioning v ECMO: p= (1050

- — _——_— _— e —_—_—e
0 I

Time after ARDS anset (days)

Number at risk

13
<> BRI Ko-Wei Chang; Journal of the Formosan Medical Association 2021



Network meta-analysis

favours intervention favours control (Low V,)
Moderate Vi Intervention |

VV ECMO —— RR 0.77 (95% CI 0.59 - 0.99, p = 0.04)

180

1 Trial, N

5 Trials, N = 208 Prone Ventilation —— RR 0.81 (95% CI 0.63 - 1.02, p = 0.075)

Prone Ventilation

Moderate V, —#—— RR1.02(95%CI0.78-1.34, p=0.85)

VV ECMO

VvV ECMO

0.95 (0.72-1.26) WEChERLEuE ]
0.77 (0.59-0.99) | 0.81 (0.63-1.02) MLV
0.75 (0.57-0.98) 0.98 (0.75-1.27) IO

Grade Certainty: Low

* Both VV-ECMO and prone ventilation improve mortality relative
* The impact of VV-ECMO versus prone ventilation remains uncertain

&> ERE TR Sachin Sud; ICM 2024
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Indication

Guideline from the Extracorporeal Life Support Organization (ELSO)

Common indications for venovenous extracorporeal membrane oxygenation
One or more of the following:

1) Hypoxemic respiratory failure (PaO,/FiO, < 80mm 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
pressure [Pplai < 30cm H,0).

3) Ventilatory support as a bridge to lung transplantation or primary graft dysfunction following lung transplant.

Specific clinical conditions:
* Acute respiratory distress syndrome (e.g., viral/bacterial pneumonia and aspiration)
Acute eosinophilic pneumonia
Diffuse alveolar hemorrhage or pulmonary hemorrhage
Severe asthma
Thoracic trauma (e.g., traumatic lung injury and severe pulmonary contusion)
Severe inhalational injury
Large bronchopleural fistula

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

=l JOSEPH E. TONNA,; ASAIO Journal 2021



Indication

Treat underlying cause of acute respiratory distress syndrome
Standard lung-protective ventilation strategy
Diuresis or resuscitation as appropriate

v v

Pa0,:Fi0, <150 mm Hg Pa0,:Fi0, 2150 mm Hg

— v

Strongly recommended Is pH <7-25 with PaC0O, 260 mm Hg
» Prone positioning (unless contraindicated) for >6 h*?

Recommend

» Neuromuscular blockade

» High PEEP strategy

Consider

+ Inhaled pulmonary vasodilators
+ Recruitment manoeuvres

Continue
current
management

¢ Yest

Continue Are any of the following criteria met? Contraindication to ECMO?# Consider
current + Pa0,:Fi0, <80 mm Hg for >6 h adjunctive
management | » Pa0,:Fi0, <50 mm Hg for >3 h therapies§ as
» pH <7-25 with Pa0, =60 mm Hg for >6 h* appropriate

A
I Recommend ECMOY

17

& EmezER Darryl Abrams; Lancet Respir Med 2019



ECMO

Influenza in 2016
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Contraindication

The only absolute contraindication

* anirreversible underlying process
 when the patient is not a candidate for lung transplantation

Relative contraindications

Invasive mechanical ventilation for more than

7-10days

Absolute contraindications

Moribund state with established multiple organ

failure
Prolonged cardiac arrest
hrair'l ir'|jur",'

of |I..J I'|': J tran :.F_'.ul c
Metastatic mal ig na

term prog

Daniel Brodie; JAMA 2019
Alain Combes; ICM 2020
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Goals of ECMO

* In the past

 Patients with severe hypoxemia
* Dying from tissue hypoxia
e ECMO: Maintain adequate oxygenation

* Achieve adequate PaO,

* Adjust circuit blood flow
* 0.06-0.08 L/kg/min

* Achieve a desired PaCO,
e Adjust sweep gas flow
¢ 2-8 L/min

21
Daniel Brodie; JAMA 2019
<> BRI R. Noori; BJA Education 2026



Ventilator-induced lung injury

Biologic alterations Physiological abnormalities

ncreased concentrations of:
Hydroxyproline Increased physiological
Transforming growth factor-3 i =
nterleukin-8 dead space
Release of mediators:
Tumor necrosis factor a (TNF-a) decreased compliance
B-catenir
Interleukin-6 (IL-6)
Interleukin-18 (IL-13) Decreased Pao,
cruitment of: ' Increased Paco,
Pulmonary alveolar macrophages (PAMs) &/

Neutrophils

Activation of epithelium
and endothelium

Systemic effects

Translocation of
Lipopolysaccharides (LPS) Multiorgan
Bacteria Multiple mechanisms dysfunction

Various mediators (e.g., increased apoptosis

22
& EmezER Arthur S. Slutsky; NEJM 2013




Mechanical power

* MP (J/min) =0.098 x VT x RR x (Ppeak-1/2 x AP)
* May 2006 and October 2015
* 152 patients

Before ECMO First three days on ECMO

>
&=
o]
b=
5

0-10 10-20 : 0-5 510 10-15

Survivors 2 1: 5 Survivors

Nansurvivors : 1 MNonsurvivors

L‘-\_‘_CMP = 14.4 J/min

—

MP/Compliance fmin/iml/iemH0
MP = 14 .4 Jimin

p<0.001

umulative probability of survival
Cumulative probability of survival

(

Ci

23 Number at risk

MP <144

- EREZTER e e Li-Chung Chiu, CC 2021




Ultra-lung-protective ventilation

Mechanical Ventilator Settings

Plateau pressure
PEEP
Driving pressure
Tidal volume
Respiratory rate
FiO,

strategies

Target

<24 cmH,0 and may be lower if feasible

>10 cmH,O
<14 cmH>, O

Typically <4 mL/kg PBW and adjusted for the goal of plateau pressure (<24 cmH,0)

<10 breaths per minute
0.3-0.5

Li-Chung Chiu; J. Clin. Med. 2021
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Complication

* Directly
e aresult of the device
* its insertion

* Indirectly
* the use of anticoagulation or the
 effects on distal organs

26

B ERw T IR Daniel Brodie; JAMA 2019



Incre
Renal re

Complication

ven infection (11.1%)

DEVICE COMPLICATIONS

. n circuit (1
» Pump failure

Cannula-relate

Daniel Brodie; JAMA 2019



Anti-coagulant

J-CARVE is a multicenter retrospective registry
Between January 1, 2012, and December 31, 2022

Parameters

28-d survival, n (%)

60-d surv 0)

ECMO duration, d

Number of ECMO circuit exchanges, n
Bleeding complication, n

activated partial thromboplastin time, s

Transfusion volume

Red cells concentrate, units
Fresh frozen plasma, units

Platelet concentrate, units

Anticoagulation
Group (n =641)
550 (85.8)
479 (74.7)
11.0 (7.0-19.0)
0.0 (0.0-1.0)
201 (31.4)
51.3 (44.8-59.2)

6.0 (0.0-14.0)
0.0 (0.0-8.0)
0.0 (0.0-20.0)

No-Anticoagulation
Group (n = 54)
44 (81.5)

36 (66.7)

9.0 (6.0-16.8)
0.0 (0.0-1.0)

22 (40.7)

39.3 (35.4-46.2)

13.0 (6.0-26.5)
7.0 (0.0-43.5)
15.0 (0.0-65.0)

Unadjusted
P
0.50
0.19
0.05
017
0.21

<0.01

<0.01
<0.01
< 0.01

The higher transfusion volumes in the no-anticoagulation group

the need to correct pre-existing bleeding

e consumptive coagulopathy at VV-ECMO initiation

Adjusted
P

0.23
0.09
0.23
0.23
< 0.01

< 0.01

< 0.01
< 0.01

Ginga Suzuki; CCM 2026



Anti-coagulant

Low-dose heparinization strategy: aPTT between 35 and 40 s (n = 101)
High-dose heparinization strategy: an ACT between 140 and 180 s (n=117)

Oxygenator change

—
R
=
®
Z
I
3
I}
&
o
o
c
©
=
?

enator

: . High-dose heparin group (HD)

1

: D Low-dose heparin group (LD)
Adj. HR* 3.34 (95% C1 1.2-9.4)

Oxyg

No. at risk
HD == 117
LD

High vs. Low

Severe bleeding events: 19.7% vs. 13.9% (P=0.256)
Thromboembolic events: 6.8% vs. 19% (P=0.007)
Mortality at 30 days: 33.3% vs. 30.7% (P=0.11)

Benjamin Seeliger; CC 2020



MENUEREELCTE

Loss of Hydrophobicity (&t 7k %)
Lower blood surface tension
Wet the membrane

Surfactants
high lipid levels (hyperlipidemia)
certain medications (like propofol)

Montoya JP; ASAIO Journal 1992



Antibiotics usage

Northwestern Medicine Antimicrobial ECMO Dosing Guidance

Antimicrobials High Impact — Likely Requires Dose Adjustment
Amphotericin ltraconazole Posaconazole
Isavuconazole Micafungin Voriconazole
Antimicrobials Potential Impact — Potentially Requires Dose Adjustment
Ampicillin Ceftaroline Penicillin G
Aztreonam Ceftriaxone Meropenem Piperacillin-Tazobactam
i Vancomycin

Amikacin a ac Tobramycin
Azithromycin evofloxaci Trime prim
Sulfamethoxazole

Cefiderocol

Ceftazidime-avibactam Ganciclovir

S EREZHIR https://adsp.nm.org/uploads/1/4/3/0/143064172/nm_antimicrobial_ecmo_dosing.pdf



Outline

* Introduction

e History and clinical trial

* Indications and contraindications

* Goals of ECMO

e Complication

* Weaning

* Hypoxemia during ECMO and strategies to improve

32

&> ERE TR



Weaning

YES NO

ing tricl| © Turn off the sweep gas flow Sweep gas flow
VCV mode: Fi0,:0.3-0.5; PEEP > 10 cmH,0; VT lowered to weaning fat . mgintain ECMO flow >3L/min and MV back to

4 ¢cmH,0; RR 10-20/min? l initial settings
MV during IPAPAPR Fi0,:0.3-0.5; 24 cmH,0; P, 2 10 cmH,0;
ECMO RR 10- "i‘lﬁ'rr'nr'li 5p0, = 90% with Fi0, < 60% ?

=

pump rand FdO i for 655 P 0 mm Hg or 5a0, = 1 1
s flow to get P . 5 mm Hg.

ECMO

1 l YES NO
Blood gas at H,, Hg, (and H,) Sweep gas flow
Fi0, < 60% and and MV back to
SWL:c-p gas flow <8L/min and l initial settings
In VCV: VT 24.5mL/kg PBW obtained with P, < 24 cmH,0 or
In BIPAP/APRV: VT 24.5mL/kg PBW obtained with a driving
pressure 14 cmH,0 Pa0, = 60 mmHg, 5a0, 2 90%, with

; Fi0, < 60%
l l Withdrawal
of ECMO PCO, = 50 mmHg or pH 27.36, with RR
YES NO

, < 28/min
PBW; RR < 28/min; PEEP 6-14 cmH,0; Continue same !
MV settings 2] <28 CI"I'IH:O

After 1 to 12-hour weaning trial :

Prerequisites =
for ECMO l
weaning trial

plat
and if no signs of acute cor pulmonale

Resulting P, < 28 cmH,0 ?

! YES L Withdraw ECMO

33

<> ER = IE Alain Combes; ICM 2020



Weaning

68-year-old female
COVID-19-induced ARDS

Day 14 Day 19 Day 20 Day 21 Day25 Day26 Day27 Day29 Day33 Day35 Day?39

Ventilator setting

Mode PCV PCV PCV PCV PCV PCV PCV PCV PCV PS PS

Positive end expiratory pressure 12 14 14 14 14 14 10 10 10 10 8
(cm H;0)

Peak airway pressure (cm H;0) 30 35 30 30 28 34 28 28 22 16

Fraction of inspired oxygen (%) 80 90 40 40 50 45 40 35 35

Respiratory rate (/min) 24 28 - 10 10 18 28 22 16 22 27

Tidal volume (ml/kg PBW) . 7.7 5.0 . 4.2 6.7 7.2 7.0 7.0 8.7

ECMO setting

Blood flow (L/min) . 3.5 3.5 . 3.5

Air flow (L/min) 4 4 0

Fraction of inspired oxygen (%) 20 : 0

Laboratory Data

Absolute lymphocyte count (/uL) 1699

C-reactive protein (mg/L)

Interleukin-6 (pg/ml)

34

& EmezER Ko-Wei Chang; IDcases 2021
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Hypoxemia during ECMO

 Mixture of blood from ECMO and venous blood
e Recirculation
* Intrapulmonary Shunt

* Flow exceeding oxygenator performances
e Rarity with the current technology

36

B ERw T IR Andrea Montisci; ASAIO Journal 2015



Mixture of blood

* Setting a blood flow of 60—-80 ml/kg

e Guarantees an oxygen delivery of 3 ml/kg/min
 Pump flow: deoxygenated arterial blood = 3:1

* Septic patient
e Cardiac output (CO) is usually elevated

* VV ECMO flow/patient's CO > 60%
* associated with SaO, > 90% and arterial PaO, > 60mmHg
37

Andrea Montisci; ASAIO Journal 2015
<@ ERw TR Schmidt M; ICM 2013



Recirculation

* The fraction of oxygenated blood
 aspirated back into the venous line of the ECMO circuit

* Pump speed

* Blood flow rates
* Intrathoracic, intracardiac, intra-abdominal pressure
* Cannula type, size, and position

* Direction of extracorporeal blood flow

38 Andrea Montisci; ASAIO Journal 2015
Abrams D; ASAIO Journal 2014
S Lo AT Go Woon Kim; Tuberc Respir Dis 2012



Recirculation

* R =(SO, preoxy-SvO,)/(SO, postoxy-SvO,)
* SO, preoxy: blood in the venous cannula
* SO, postoxy: blood in the arterial cannula
* SvO,: mixed venous saturation

* Exclude meaningful recirculation
* PaO, of drained blood is in the normal range (42 mmHg)
* Pa0, of drained blood < 10% of the infusion cannula
* blood oxygen saturation in the drainage cannula < 75%

39
Andrea Montisci; ASAIO Journal 2015
<> BRI Extracorporeal Life Support Organization (ELSO) General Guidelines



Intrapulmonary shunt

* Alveolus is perfused but not ventilated
* Qs/Qt = 100 x (CcO,—Ca0,)/(CcO,—Cv0,)

e c: pulmonary end-capillary blood
e a: arterial blood; v: mixed venous blood

* vascular pressures
* vasoactive substances,
* the degree of lung inflation

e Cardiac output

40

B ERw T IR Andrea Montisci; ASAIO Journal 2015



Strategies: Improve Oxygenation

* Increase the blood’s oxygen content
* Increase ECMO flow
* Increase blood oxygen-carrying capacity

* Strategies to reduce recirculation

 Strategies to reduce oxygen consumption
e Sedation and neuromuscular blockade
* Therapeutic hypothermia

* Manipulation of CO and intrapulmonary shunt
* B-blockers infusion
* Prone positioning
 Switch to venoarterial or a hybrid configuration
iy

B ERw T IR Andrea Montisci; ASAIO Journal 2015



Increase ECMO flow

* Determined by
 vascular access
e drainage tubing resistance
* pump properties

* Risk
e augmented recirculation fraction
* hemolysis

42

B ERw T IR Andrea Montisci; ASAIO Journal 2015



Increase oxygen-carrying capacity

* DO, =1.34 x CO x Hb x Sa0,

* ELSO guideline before 2021

e Maintain hemoglobin level of 12-14 g/dI
* Maintain normal hematocrit

e PROTECMO study
* Prospective, cohort study; 41 ECMO centers in Europe

Andrea Montisci; ASAIO Journal 2015
& EmezER Gennaro Martucci; Lancet Respir Med 2023



Neuromuscular blockade

Retrospective cohort analysis
Cleveland Clinic

January 2022 to December 2023
329 patients

Hypoxemia (N = 29)
Characteristic

PaQ, at NMB administration

1 hour post-NMB
24 hour post-NMB
ECMO flow at NMB administration (L/min)
1 hour post-NMB
24 hour post-NMB

&> ERE TR

Characteristic

Required NMB during ECMO*
Number of doses per patientt
Indication for NMB*%
Bedside procedure
Hypoxemia
ECMO low flow
Hemodynamic instability/arrhythmia
Other
Unknown
Bolus administered*t
Bolus dose (mg)15§
Continuous infusion administered*t
Continuous infusion agent*
Cisatracurium
Atracurium

Result’

64 (58-70)
105 (78-140)
95 (83-122)
2.9 (1.8-3.5)

4(3.7-4.4)
4.5 (3.5-5.1)§

Results

134 (48)
0 (0-2)

209 (66)
29 (9)
13 (4)
11 (3)
20 (B)
31 (10)
306 (96)

50 (50-50)
39 (12)

27 (69)
12 (31)

p Valuet
<0.001
<0.001

0.016
0.11

Benjamin Hohlfelder; ASAIO Journal 2026



Therapeutic hypothermia

HYPO-ECMO Trial

Randomized clinical trial

334 patients; VA ECMO

Early moderate hypothermia for 24 hours
e 33-34°C

No. at risk
Normothermia

(o))
o
)

(%
o
1

Normothermia

o
o
1

w
o

o
X
=
=
©
=
e
=}
=

Moderate hypothermia

OR, 0.71 (95% Cl, 0.46-1.10)
HR, 0.75 (95% Cl, 0.55-1.03)
Log-rank P=.07

T : T T
10 15 20 25
Time since randomization, d

166 107 94 85

Moderate hypothermia 168 128 114 109

In Silico study
VV ECMO

Sa02 and SvO2 %

o
I
E
E
ol
Q
=
o
g=}
c
@
ol
@]
@
o

DO2 mL STPD/min

Cardiac Output L/min

12.3

35 37

Cooling to 33°C

Temperature °C

* Improve oxygenation in refractory hypoxemia

Bruno Levy; JAMA 2022
Christopher J. Joyc; ASAIO journal 2023



Prone positioning (1)

PRONECMO Randomized Clinical Trial
14 sites in France
At least 4 prone position sessions of 16 hours were performed during the first 4 days

Mean, medi i ifference
diff

Supine ECMO group o b

Death
Prone ECMO group
Supine ECMO group

14510 14.1)

6.9(-1.9

46
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Prone positioning (2)

Prospective multicenter randomized controlled study
June 2021 to July 2023
Three tertiary hospitals in China

Variables PP group (n=49) Control group (n=48) P value

Duration of ECMO support (days) 10 [8-11] 10 [8-14] 0.038
Duration of MV (days) 14 [12-16] 14 [12-16] 0.502
Duration of ICU stay (days) 19 [15-23] 18 [13-24] 0.588
Duration of hospital stay (days) 26 [17-32] 22 [13-32] 0.302
Successful ECMO weaning 38 (77.5) 24 (50.0) 0.005
Survival

30-day 33 (67.3) 22 (45.8)

In-hospital 30 (61.2) 19 (39.6)

S e smmane PRONECMO Trial
o e >95% underwent PP prior to ECMO initiation
* included predominantly COVID-19 patients (> 90%)
Ton et al.
e <15% received PP before ECMO
e COVID-19: approximately half of patients
Hongjie Ton; J Thorac Dis 2024

20 30
Time in days




Prone positioning (3)

PP+ECMO ECMO Weight Weight
Study Event Total Event Total  Survival, day 30 (COVID) OR 95%-Cl (fixed) (random)

Garcia, 2020 3 14 8 11 0.10 [0.02; 0.64] 14.7%  17.5%
Le Breton, 2020 7 7 4 6 = 8.33 [0.32:215.68]  0.6% 8.2%
Tong, 2024 16 25 13 23 ; 1.37 [0.43; 4.36] -'

Laghlam, 2022 9 10 11 14 245 [0.22; 27.84]

Massart, 2023 253 364 81 153 203 [1.37, 2.99]

Fixed effect model 420 207 1.72 [1.22; 2.44] 100.0%
Random effects model : 1.25 [0.43; 3.59] -
Heterogeneity: 1° = 63%, p = 0.03

0.01 01 10

Subgroup analysis of COVID patient on 30-day survival

PP+ECMO ECMO Weight Weight
Study Event Total Event Total Survival, day 30 (no COVID) OR 95%-Cl| (fixed) (random)

Guervilly, 2019 65 91 33 77 — B — 333 [1.76:6.33] 33.9%  39.0%
Rilinger, 2020 19 38 47 120 i 1.55 [0.75;3.24] 37.5%  32.
Petit, 2021 56 64 160 234 —H#E— 3.24 [1.47,7.14] 28.5% 28.8%
Fixed effect model 193 431 i 2.64 [1.75; 3.97] 100.0% —_—
Random effects model =t 2.58 [1.59; 4.21] —  100.0%
Heterogeneity: I = 28%, p = 0.25

0.2 05 1 2

Subgroup analysis of non-COVID patient on 30-day survival

Po-Huang Chen; Journal of Clinical Anesthesia 2025




Beta-blocker (1)

n (%)
Metoprolol oral, 11 (33)
Metoprolol iv, 16 (45)
Esmolol iv, 5 (15)
Labetalol iv, INE))

Retrospective analysis

Two ECMO centers (Netherlands and Belgium)
January 2012 and December 2017

N =33

Any potential safety endpoint (composite of below)
Number of patients affected by any safety endpoint
during treatment with oral beta-blocker
during treatment with intravenous beta-blocker
Heart rate 50/min with need for intervention, n
Withholding one dose, beta-blocker continued thereafter, n
Withholding one dose, dose adjusted, n
Need for resuscitation, n
Need for an increase in norepinephrine, n
Beta-blocker continued
Beta-blocker stopped
New rise in lactate levels
Transient serious ECMO flow problems?®
Episode of severe coughing, dyspnea, agitation
Any reason to stop beta-blocker, other than end of indication
New septic shock?
Risk for interaction
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Beta-blocker (2)

Retrospective analysis
France
March 2020 and May 2022

9 with ivabradine
8 with beta-blockers (landiolol or esmolol)

ECMO flow/CO
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lactates (mmol/l)
b

DO2 Lactate

Paul Masi; Cardiovascular Drugs and Therapy 2025




Switching to VA ECMO

e Refractory hypoxemia
 when all the strategies listed above have failed
* but the cardiac function is normal;
e Cardiac dysfunction supervenes in terms of
* septic myocardial dysfunction
right ventricular dysfunction (acute cor pulmonale)

o Evaluate VV ECMO
Configuration Suitability

A

Adequate Oxygenation?
Pa02 > 60 mmHg

YES

v

Adequate Cardiac Output?
MAP > 60 mmHg
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YES

v

Adequate End Organ Perfusion?
Lactates < 4 mmoll

Andrea Montisci; ASAIO Journal 2015
Maria Elena De Piero, CCM 2026

Continue with VV ECMO




Thanks for Your Attention
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