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General Introduction 



What is ECMO? 



ECMO ? 

• ExtraCorporeal Membrane Oxygenation 

• developed in late 1960 

• mainly neonatal respiratory failure  



CPB vs ECMO 

CPB 

ECMO 

• A modification of the 

heart / lung machine 

which can be used for 

an extended period of 

time. 

• ECMO is temporary 

support of heart and 

lung function by partial 

cardiopulmonary 

bypass (up to 75% of 

cardiac output). 



Who need ECMO? 



Circulatory failure 

Respiratory failure 

Adults  
Pediatrics 
Neonates 



• Post-cardiac surgery myocardial dysfunction 

• Myocarditis 

• Medically intractable arrhythmia 

 

• Adult respiratory failure 
– ARDS, pneumonia 

 

• Transplantation related condition 
– Bridge to transplantation / bridge / recovery 

– Post-transplantation failure 

 

• Neonatal or pediatric respiratory failure 
– MAS, RDS, PPHN, CDH … 

 

• Extracorporeal CPR(ECPR) 

 

• Procedure related condition 
– Tracheal surgery , Coronary intervention  

 

• Shock associated with various causes 
– Sepsis   

– Drug intoxication  

– Malignancy 



How does the ECMO work? 



Therapeutic goals of ECMO support 

• A treatment option for when conventional 

treatment has been failed. 

• Dose not treat the underlying disease 

process. 



Therapeutic goals of ECMO support 

• Provision of adequate blood flow for 

cellular metabolic demands in circulatory 

shock. 

• Provision of adequate oxygenation and 

carbon dioxide clearance in respiratory 

failure. 



Therapeutic goals of ECMO support 

• Prevention of complications from other 

therapies 

– Ventilator induced lung injury (VILI) 

– Increased myocardial oxygen demand and 

end organ injury d/t high dose of inotropics 

and vasoconstrictors  



Components 

• Cannulation 

 

• Pump, Oxygenator, Tubing 

 

• Anticoagulation (UFH, others..) 



Cannulation Site 

• Central Cannulation 

- Trans sternal approach 

 

• Peripheral Cannulation 

- Cervical approach 

- Femoral approach 

- Axillary approach 



2 Configurations for ECMO 

•  VA (Veno-arterial) ECMO 

     - venous drainage of deoxygenated blood  

                             from venous circulation  

     - return to arterial circulation  

     - Both circulatory and respiratoy support 

     - Biventricular support  

 

•  VV (Veno-veno) ECMO 
– drainage of deoxygenated blood from venous system  

– return to venous system. 

– Only provides respiratory support  

 



What are the ECMO complications? 



Complications 



3 major complications 

• Bleeding and thrombosis 

– associated with anticoagulation 

• Infection 

– < 7 days: about 5-10% 

– > 30days: more than 30%  

• Brain injury 

– Hemorrhage, infarction, hypoxia/ischemia, 
Seizure, Cognitive impairment, Motor/Sensory 
disorder 

 

 



Anticoagulation 



Bleeding 
Control 

Thrombosis 
Control 

• Decrease or hold UNFH 
• Transfusion (PC, FFP, cryo) 
• Antifibrinolytic agent 
• Surgical bleeding control 

• Increase UNFH (ACT, aPTT) 
• Increase flow 
• AT  
• circuit change 



• Yet, no strong evidence of 
anticoagulation guideline during ECMO 

• Currently, device do not need a high 
level of anticoagulation. 

• Individual decision can be necessary and 
avoid invasive procedure during ECMO.    



Inotropics 



Problems of catecholamines 

• Increased myocardial oxygen demand 

• Receptor desensitization 

 

• Attenuated physiological response occurs 
with prolonged exposure to elevated 
levels of either endogenous or 
exogenous catecholamines  



Current strategy 

• You can’t beat a dead horse 

• New agents may provide some benefit 

• Any drug may produce undesirable effects 

• Vasoconstrictor are better than inotropic 
agents 

• To promote cardiac recovery, IABP may be 
considered rather than inotropic support 

• Early intervention with mechanical 
circulatory support. 



Mechanical ventilation 



Initial VV ECMO Management 

• Vent to “lung rest” : PIP 20-25, PEEP10-15, 
fio2 40%, RR 10~30 (avoid lung collapse) 

• Volume resuscitation and pressor wean 

• Wean pressors to off 

• D/C paralytics, hold sedation for N/E 

• Tx of primary ds – AB, Antiviral 

• no prophylactic AB 



• Pump Flow 
 

• just pump flow to keep: 

•   PaO₂ beetween 50 to 70 

•   SaO₂ beetween 80 to 90 

 

• Sweep Gas 

 

• Keep patient's PaCO₂ between 40 to 50 

• Keep post membrane PO₂ between 300 to 400 

 

VV ECMO sheet 



How does the ECMO Weaning ? 



Weaning 

• Recovery  of underlying disease 

– Optimal demand of inotropics and 

vasoconstrictors 

– lung protective ventilator setting 

– Maintenance of U/O 

– CXR, Echo 

– Lab: ABGA, EtCO2, lactate….  

 

 



Weaning 

 

• Gradual decrease of ECMO flow and 

increase of native cardiopulmonary 

function.  

 

• Continuation of anticoagulation during 

weaning period and after decannulation 

 



VA ECMO 

• An early sign : presence of pulsatility on the 
arterial waveform.  

• The majority of patients who are able to be 
weaned from VA ECMO for cardiac failure 
do so within 2 to 5 days. 

• Patients with an ejection fraction 30% after 
2 days of ECMO are significantly less likely 
to be successfully weaned than those with 
an ejection fraction 30% (8% v 54%, p  
0.001). 



VV ECMO 

• Recovery of pulmonary function usually 
takes 1 to 3 weeks, but occasionally longer.  

• Signs of recovery of pulmonary function  

– (1) an improvement in SaO2 for a given circuit 
flow (or a reduced circuit flow required to 
achieve the target SaO2),  

– (2) a progressive increase in SaO2 above SvO2,  

– (3) improving lung compliance 

– (4) an improving chest radiograph. 

 



• Patients who are failing to improve after 1 

to 2 weeks should receive aggressive 

diuresis (+/- RRT) 

• S-G catheter, Echocardiogram 

• Indicative of irreversibility. 

–  Progressive PHT c RVF (+)  

–  a mPAP (> 2/3 sys Pr.) 



ECMO in present 

Current evidence of various indication 





Refractory cardiogenic shock 



ACC/AHA guidelines 

Circulation 2013;127:529-555 

 

Class IIb 
1. Alternative LV assist devices for circulatory 

support may be considered in patients with 

refractory cardiogenic shock. (Level of 

Evidence:C) 







JHLT 2013 

Columbia Univ. MC 

 

2007-2012 (5yrs) 

90. RCS c MCSD 





ARDS 



• Incidence: 64 cases per 100,000 person/yr 

   Mortality: up to 40 ~ 50 % (in 2005 , US) 

• Lung protective ventilation 

–  low tidal volume 

–  optimal PEEP 

–  low FiO 

• Steroid therapy  

• Other rescue or salvage treatment 

–  prone position  

–  inhaled NO  

–  HFOV 

–  ECMO 



Intensive Care Med 2009 

 
Retrospective  

ELSO registry (1986-2006) 

1,473 adult patients who received 

ECMO for severe respiratory failure 

associated with increased mortality. 

Advanced patient age 

duration of pre-ECMO ventilation 

underlying cause of respiratory 

failure  

 

VV > VA 

9% of pts: neurologic C. 

Overall survival to discharge was 50%. 



Lancet 2009, CESAR trial  

 

UK-based multicenter RCT 

2001-2006 

180 adult respiratory failure pt. (18-65 yrs) 

- 90:Conventional management 

- 90: VV-ECMO 

Inclsuion: severe, but potentially reversible, 

ARDS (Murray score > 3 or pH < 7.20)  



• Primary endpoint 

• : survival w/o severe disability at 6 months 

• 63% vs 47% (p=0.03).  

 

 



Limitation 

- if they had been on high pressure or high FiO2 
ventilation for more than 7 days 

- not treated with ECMO, are excluded from the 
analysis. 

 However, CESAR did demonstrate that 
protocolized care including ECMO in an 
expert ARDS center yielded higher survival 
than the best standard care in tertiary ICUs in 
the UK. 



ECPR 



• 3 yrs, Taiwan, 2004-2006, age 18-75, in hospital arrest 

• Compared 10 min arrest with ECPR vs conventional 

CPR by propensity analysis 

• Oral permission immediate, written later 

• 113 were enrolled in the conventional CPR group and 59 

were enrolled in the extracorporeal CPR group 

Lancet 2008 Aug 16;372(9638):554-61 



Sepsis 







ECMO in Refractory Septic Shock 
Adults, France 





Trouble shooting 



ATS 2014  

 

PubMed search 

Updated to Nov 2012 

CS/CA c ECMO 

 

Analysis of Cx. 







low SaO2 

• patient factor 

1. native lung function ↓ (pneumonia, PNX…) 

2. ↑oxygen consumption esp. in VV (sepsis) 

3. upper body hypoxia in VA 

• mechanical factor 

1. inadequate flow 

2. oxygenator failure 

3. disconnection of sweep gas line 

4. recirculation in VV 



oxygenator failure 

– Sign: color, sweating 

– Check  ABGA and Pr. in oxygenator  

– determination of oxygenator change 



loss of circuit flow 
 

• cause  
– hypovolemia (m.c.) 

– cardiac tamponade, tension pneumothorax, cannula malposition.  

 

• in centrifugal pumps 
– impending loss of circuit flow is indicated by the inlet pressure 

becoming more negative (120 mmHg)  

– “chatter” of the drainage tubing 

 

• This can progress to “suck down” of the vein or RA around the 
drainage cannula, which results in a sudden decrease in inlet 
pressure (150 mmHg) and an abrupt loss of circuit flow.  

 

• action 
– transient reduction of ECMP flow (to release the suction effect. ) 



Upper body hypoxemia in VA ECMO  

Differential cyanosis, 2-Pump circulation 

– ↑ SaO2 in upper body / ↓ SaO2 in lower body 

– marginal myocardial function and respiratory 

failure in VA 



Potential solutions  

–  increasing ECMO flows to reduce LV ejection 

–  changing to VV / VAV ECMO (IJV) 

–  central cannulation (axillary artery) 



1 2 

3 4 



hypoxemia with VV ECMO (SaO2 85%)  

• inadequate ECMO flow (m.c.) 

• other cause despite adequate circuit flows 

– significant recirculation 

• a low SaO2 and high SDO2 (typically 75%), 

– inadequate sedation, sepsis, iatrogenic 

overheating, overfeeding and seizures.  

• increased oxygen consumption and pathologically 

increased CO  

• a low SaO2 low SDO2.  



high SvO2 or SdO2 (>80%) 

–  recirculation in VV 

 



Early Goal Direct Therapy in early sepsis 



Action for increased oxygen consumption 

– correction of the underlying cause 

– sedation +/- NMB 

– boosting transfusion (Hgb: 11-12 g/dL),  

– active cooling (down to 35°C) 

– circuit flows(additional or central cannulation) 

 



Left heart decompression 



Hemodynamic Instability in VA 

– reduced vascular tone 

– reduced preload 

– cardiac dysfunction.  

 



• Cardiac dysfunction with LV distension in 
VA ECMO  

– risk: MR / AR (+) 

– CXR: alveolar edema (+) 

– edema secretion frothing up the ET tube 

– Echo: confirmed LV dysfunction and 
distension 

– action:  
• ↑ECMO flows (↓reduces PFB) 

• Failing this, the left heart must be vented 



• In general, LV dilatation (+) in pph VA ECMO 

• Need for LV unloading 

– More rapid recovery of exhausted LV 

• Management 

– Left heart decompression  

– Conversion to LVAD  



LH decompression (LHD)  

• Atrial septostomy 

– US guided balloon or blade septostomy 

– via pph approach(ex. UV, FV) 

• Additional drainage catheter insertion 

–  Sternotomy (full or partial) : RPV / LA roof /LV apex 

–  Anterior mini-thoracotomy: RPV 

–  Subxiphoid approach : LV apex 

–  Percutaneous transseptal approach 

• Axial flow pump (Impella) with pph. ECMO 

 





lower extremity ischemia 



pph. VA ECMO 

• early sign: cool, pale 

• in progress: color change 

• late phase:  

–  compartment syndrome 

–  rhabdomyolysis 



action 

• smaller bore cannula 

• additional cannulation for distal perfusion 

–  if, possible. US guided puncture 

–  retrograde perfusion through DPA 

(micropuncture needle) 

• Axillary artery cannulation 

 





1 2 

3 4 



Massive air embolism 



massive air embolism 

• mechanism 

1. large negative pressure(up to -100mmHg) 

2. cavitation 

3. loosening of 3-way and luer lock port 

• intervention 

1. clamping immediately / stop ECMO 

2. full ventilation / inotropics ↑ 

3. VA: trendelburg position 

4. flushing or change circuit/oxygenator 



3-way and luer lock port 

• loosening or accidental opening 

• in inlet portion: massive air embolism 

• in outlet portion: massive blood loss 

 

 



Infection and Sepsis 



Infection and Sepsis 

• Infections in patients receiving ECMO are 
common 

• sites of infection (most commonly 
bloodstream, lower respiratory tract, urinary 
tract, and wound) 

• causative microorganisms (typically gram-
negative bacilli and staphylococci)  

• similar to other intensive care unit patients. 



• Signs of sepsis: ambiguous in patients on EMCO  

• fever may be absent  

– because of the servo control of body temperature by the 

heat exchanger.  

• even subtle signs of infection warrant an aggressive 

search for a septic cause. 

– (ex, deteriorating hemodynamics or leukocytosis) 

• Broad spectrum empiric antimicrobial therapy 

–  (ex. carbapenem, vancomycin) 



CRRT 











CRRT on ECMO: Potential Benefits 

– Management of fluid balance 

– Control of electrolyte abnormalities  

– Removal of inflammatory mediators  

– Enhanced nutritional support  



Guideline for ECMO & CRRT 

Question  Evidence based conclusions 

Optimal population ? unknown (esp. neonate) 

What indication ? Survey results about what people are doing 

Timing of initiation ?  Experts opinion, ELSO guideline 

Optimal mode ? unknown 

Optimal connection ? unknown 

Optimal dose ? unknown 

Effectiveness ?  unknown 

Outcomes ? Single center reports, registry data 



ELSO Guidelines 1. 

• Despite the literature surrounding fluid 

overload (>10%) as a risk factor for death, 

review of the ELSO registry also finds use of 

RRT is also a risk factor for poor outcome. 



ELSO Guidelines 2. 

• RRT use to enhance fluid removal allowing 

adequate nutritional support is often 

performed. 



ELSO Guidelines 3. 

• The hourly fluid balance goal should be set 

and maintained until normal ECF volume is 

reached. 
- no systemic edema 

- within 5% of dry weight 



ELSO Guidelines 4. 

• Even if ARF occurs with ECLS, resolution 

in survivors occurs in > 90% of patients 

without need for long-term dialysis. 



Recommendations 

• Early (5-10 % FO) 
• CVVHDF 

• Fluid removal 

– Once hemodynamically stable 

– 1 ~ 3% blood volume/hr as tolerated 

















Neurologic comlication 





How about the EEG? 

• Continuous bed-side monitoring 

• Skill required for recording and interpreting 

• Difficult long term recording (over 2-4 days) 



PCCM 2013;14:648 



22m / Myocarditis 

focal sharp activity in right occipital area  



4m / post-OHS 

diffuse irregular low amplitude activity 





Fundamentals of amplitude integrated EEG (aEEG) 

• 1 or 2 channel electrodes 

• special filtering  and processing 

• simple bedside monitoring of global or bilateral 
cerebral cortical activity 



aEEG monitoring 

It is well known that the aEEG provides the 
useful information for neonatal 
encephalopathy.  

 





Seizure in aEEG 

Normal finding 













Conclusion 


