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Indications to ECMO „bridge“  

- 1.) Cardiogenic shock, CPR 
- Reversible LV or RV failure 

- 2.) Critical oxygenation failure:  
- ARDS 

- 3.) Hypercapnic respiratory failure 
- Reversible retention of CO2 , lung protection  

- 4.) Barotrauma, bronchopleural communication 
- Lowering of Paw, Ptp  

- 5.) Airway obstruction  
- Time to dg. and treatment  

- 6.) On waiting list for lung Tx  
- Avoiding intubation and complications, bridge to Tx  

2 



Indications to VV-ECMO – ELSO guidelines 
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Hypoxic respiratory failure: 
- Estimated mortality > 50% 
PaO2/FiO2 <150, Murray 2-3 
- Estimated mortality > 80% 
PaO2/FiO2 <80, Murray 3-4 
 
Retention CO2, PaCO2 > 80 mmHg 
Air-leak (barotrauma) 
Age < 65 years 
IPPV up to 7 days  
Blocked airway 
Cardiorespiratory collapse 
Reparable lung disease 
 
 

Call ECMO centre 

VV-ECMO insertion 

Contraindications to VV ECMO: 
Absolute: 
• IC bleeding, stroke 
• hypoxic cardiac arrest 
• irreversible lung damage, incurable disease 
• severe heart failure, cardiogenic shock 
• severe pulmonary hypertension (PAPm > 50 mmHg) 
 
Relative: 
• age > 75 years 
• obesity with a BMI over 40 
• aggressive IPPV ≥ 7 days 
• advanced liver disease 
• trauma with extensive bleeding 
• hemorrhagic diathesis and severe thrombocytopenia IDEA study, 
AJRCCM 2018  

• imunocompromise  IDEA, AJRCCM 2018, Intens Care Med 2013 
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Patroniti M, et al: Intensive Care Med 2011 

ECMO….in/on time ! 

127 patients, 15 ECMO centers 



VV-ECMO: Is this ARDS ? What is LVEDP ? Is ECMO indicated ?  
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Pulm Veins PW Systolic Fraction (SF)  =  
S VTI 

S VTI + D VTI 

Transmitral doppler and 100 % PPV for 
PAWP >18 mmHg  
(Boussugues A, et al: Crit Care Med 
2002, Giannuzzi P, J Am Coll Cardiol 
1994) 
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SF  > 55% 

 

PAWP < 15 mm Hg 

 

 

PPV 100% 

(95% CI,  63-100%)  

SF  < 40%   

 

PAWP >18 mm Hg 

   

 

PPV 100%  

(95% CI,  52-100%) 
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Vargas F: Pulmonary venous 
flow. J Crit Care 2004 



LV dysfunction (HFpEF) referred as „ARDS“ to ECMO 
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3 days later on diuretics, 
propafenon and NAD 

- LA ESV 50 ml/m2  
- E/E´ 21  



Respiratory failure in a 47y female manager – 
VA or VV ECMO ?  

- Known “heart problem“ with HF 
medications 

- Influenza B - ARDS 

- Rescued hypoxic paO2/FiO2 82 

- VV-ECMO 7 days 

7 Before ECMO explant. 



Right ventricular failure: Primary or obstructive, secondary to 
severe respiratory failure 

- ARDS: ACP up to 33% (Jardin F,  Intensive Care Med 2007)  

- Pplat < 27 mbar only 13%  

- Survival on IPPV linearly related to EF_RV (Steltzer H: 
Anaesthesia 1994) 

- ACP and RVF as an indication to VA-ECMO….  
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N = 352 ARDS patient (1980-2006),     101 ACP 

cases 

Pplat (cmH2O) 

% 

Jardin F, Vieillard-Baron A. INT CARE MED 2007 

N = 352 ARDS patients (1980-2006)  

101 ACP cases 

ACP 13%  for Pplat < 27 cmH2O 



RV dysfunction and ECMO 
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ACP during conventional therapy of 
ARDS+PE – from VA-ECMO to VAV-ECMO 
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cardiorespiratory failure and CS: FF_V-A ECMO 

Harlequin syndrome  
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Primary respiratory failure on VA-ECMO…….  
 

 

Harlequin syndrome  

….CO increases to 6.4 l/min….develops Harlequin syndrome with 6.3 l/min ECMO flow 
(total CO 12.7 l/min) 

What would you do now ? 

- Switch from VA to VA-V 
ECMO 
- CO 6.2 l/min 
- ECMO 6.3 l/min 2 of these 
return to VJIdx 
- total CO 10.5 l/min 



Qb in hypoxic respiratory failure: ECMO / CO (target > 60%)              
- impact on peripheral DO2 
- hybrid VA-V or VV-A modalities –                                                                                                    
Qb split between oxygenation and circulatory support 
 



Why to prevent HF related VA in severe hypoxia….   

- Qb setting influenced  

- BMI (cardiac output) - VV 

- severity of hypoxia - VV 

- severity of shock (SVR) - VA 

- Obesity is not a contraindication to 
ECMO….unless small caliber vessels in severe 
hypoxia 

- Limitations of single site cannulation                 
(˂ 4 l/min) 
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- Dilated RV and PH in 31-39% 

- Related to mortality, OR 4.5, p=0.005 
(Argulian E, JACC 2020, 13:2459-60)  

-    SV arrhythmias in 44% ICU patients 
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RV dysfunction and PH in Covid-19 
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+24h 

- AVP 1-4 IU/h 
- NAD˂0.5 ug/kg.min 



RV echocardiography parameters as an indication 
to earlier VV-ECMO instead of later VA ?  

- No relation between right heart 
echoparameters and ELSO oxygenation/ 
ventilation criteria for VV-ECMO 

- Progression of ACP towards a need for 
VA-ECMO not desirable in ARDS with 
higher BMI   
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Hypoxia, catecholamines, inflammation…..stress related cardiac dysfunction - 
Tako-Tsubo Syndrome (TTS)  

- Signal membrane G-proteins – distribution of heart adrenergic receptors 

- Triggers 

- emotional: primary TTS 

- physical: secondary TTS (sepsis, surgery, SAH, stroke, pheochromocytoma, ARDS, trauma) 

- ECG ST-elevation, echo, TnI/CKMBmass, neg. SKG, absence of myocarditis 
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RV triggered or primary LV form of TTS 
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Tavazzi G, Balik M, Chew M, Vieillard-Baron A, McLean T: Stress related cardiomyopathies 
in the critically ill – a narrative review of pathophysiology and current management 



Risk of stress cardiomyopathy on VV ECMO  

- RV on IPPV / ARDS / PE 

- stress cardiomyopathy (…hypoxia, 
arrythmias, catecholamines) 

- septic cardiomyopathy in 
superinfections 

- coronary endothelium, 
microembolisations   
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myocarditis only 4.5% of heart failures  



Ventilator induced lung/cardiac injury – are we calculating all factors 
at the bedside ?  
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IPPV: dynamic and static power 
delivered to the cardiorespiratory 
system  

….times respiratory rate 



A concept of dynamic interaction of IPPV with lung, pulmonary 
circulation and the heart 

IPPV = mechanical power 

• Vt (exponential2) 

• ΔPaw (Pplat-PEEP) 
(exponential2) 

• Flow (exponential2) 

• PEEP (exponential1.4) 

• RR (linear) 

….mechanical damage   

• Lung size (small with 
lower threshold..) 

• Edema, inflammation 

• Inhomogenity (main 
factor for VILI !)  

• Perfusion, RV  

• pH, pCO2, pO2  
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Awake ECMO vs intubated ECMO 

•PROS 

- Better V/Q matching in Covid19 

- Tone of respiratory muscles and 
thoracic elastance 

- Prevention of CIP and diaphragmatic 
dysfunction 

- Better venous return 

- Better pulmonary lymphatic drainage 

- Less VAP (primary barriers)  

- Less delirium 

- Rehabilitation 

- Peroral feeding 

 

 

•CONS 

- TPP and spont. hyperventilation 

- Higher resp. muscles VO2 

- Risk of displacement of cannulas 

- Pain, anxiety 

- Limits of double site cannulation (venous 
return) 
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IPPV related stress - awake ECMO as a prevention of ACP ?   

- endothelial inflammation/damage  

- loss of pulmonary vasoregulation, V/Q 
mismatch 

- thrombogenesis, AFOP 

- PH, RV dilatation 

- Intolerance of IPPV:                                
cough, barotrauma (26%)  
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Awake ECMO: 
Protek-Duo Tandem Heart 
Mean 13 days to spont. ventilation 
Hospital mortality 27% 

Only 27% spont triggered modes 



ECMO caseload and outcome  

- Age 

- Experience ˃ 30 cases/year 
(HR 2.98) 

- Time-to-ECMO 

- Renal insufficiency (HR 0.67) 
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AJRCCM 2014 

ICM 2018 

A minimum requirement for 20 ECMO patients/year moved to 
30/year after pandemic of Covid-19…. 



Take home message 
• Key: Echo + CUS + vessels 

• Avoid ACP on IPPV 

• ACP triggered CRS 

• ACP triggered CS 

• Avoid TTS and HF 

• Decatecholaminisation 

• Cardiac protection 

• Echoparameters as                    
indicators to VV-ECMO 

• VV-ECMO in borderline cases 

• Allow for spontaneous IPPV 
or awake ECMO 

• Hybrid modalities as a back 
up 24/7: VV-A or VA-V 
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Thank you for your attention ! 
 
Complex Cardiovascular Center 
1St. Medical Faculty of Charles University,  
General University Hospital 
  
U nemocnice 2; 128 08, Prague 2, EU 
T: +420 224 962 243 
F: +420 224 962 118 
E: martin.balik@vfn.cz 
www.karim-vfn.cz 


