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To be covered 

Some numbers 

Three burning questions and 
four open issues 
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Total 

Runs

Survived 

ECLS

Survived 

to DC

Neonatal

  Pulm 31.923 28.050 87% 23.360 73%

  Card 8.498 5.874 69% 3.665 43%

  ECPR 1.923 1.359 70% 812 42%

Pediatric

  Pulm 9.902 7.126 71% 5.879 59%

  Card 11.839 8.512 71% 6.251 52%

  ECPR 4.608 2.760 59% 1.957 42%

Adult

  Pulm 21.874 15.159 69% 13.088 59%

  Card 22.193 13.177 59% 9.585 43%

  ECPR 6.994 2.923 41% 2.074 29%

 

Total 119.754 84.940 71% 66.671 55%

@docsanga 



Runs by Year 
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Adult Survival by Diagnosis and Year 
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Traditional Indications 

Cardiac indications 
 Refractory Cardiogenic Shock 

 Acute myocardial infarction 
 Fulminant myocarditis 
 After complicated cardiac surgery 
 Heart Transplantation 

 Massive pulmonary embolism 
 Septic shock with severe LV 

failure 
 After Cardiac Arrest 
 Refractory Cardiac Arrest 

VA-ECMO 

Respiratory indications 

 Rescue of severe hypoxaemia 

 ARDS, hypoxaemic ARF 

 Hyper-protective ventilation 
 ARDS 

 Alternative to invasive ventilation 
 ARDS, COPD 

 Others (bridge to Tx, air leaks etc) 
 

VV-ECMO? 

@docsanga 



Traditional indications in ARF 

If the heart is not 
compromised go 
for VV 

If you need 
hemodynamic 
support go for VA 

ECMO 
for ARF 
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Tricky Indications in ARF 

VV VA 

Interdepartmental 

Division of Critical  

Care Medicine 

Department  

of Anesthesia 

Interdepartmental 

Division of Critical  

Care Medicine 

Department  

of Anesthesia 

Courtesy: G. Doufle, TGH (modified) 

ECMO 
for ARF 
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Q #1: Is E-CPR a life saver or a costly toy?  

Currently, the highest level of evidence is limited to small, single-center 
cohort studies with propensity analyses 

The potential benefit of this intervention is highly dependent on the 
indication, and may range from great benefit (many deaths averted) to 
great harm (additional deaths due to VA-ECMO) 

VA-ECMO might be expected to have the greatest benefit to mortality 
when it is initiated in patients during refractory cardiac arrest 

The timing of initiation may be crucial to any potential for averting 
deaths with VA-ECMO 

 Intensive Care Med 2018 
@docsanga 



Q #1: Is E-CPR a life saver or a costly toy?  

No direct comparison between conventional ALS and E-CPR 
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Q #1: Is E-CPR a life saver or a costly toy?  

What we know is important: 

No-flow and CA time (witnessed CA) 

Quality of CPR 

Signs of life 

Transitory ROSC 

(Rhythm?) 

LOGISTICS 
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Q #1: Is E-CPR a life saver or a costly toy?  

Laypeople education 
• CPR 
• AEDs 

PAD Programmes  

Bystander CPR 
Dispatcer-assisted CPR 

(hands-only CPR) 

Widespread PADs 
“Institutional” PADs 

(Police, Firefighters…) 
“Proximity rescuers” 

Advanced pre-H care 
Pre-H/H networking 

Minimise time on scene 
Accurate communication 

Availability 24/7: 
• Cath Lab 
• Theatre 

• Diagnostic facilities 
• Advanced neurological 

monitoring 
• Dedicated teams (ICU-neuro) 

E-CPR is just a ring in the 
chain of survival 

Consider: 
•Ultrasound imaging 

•Mechanical chest compressions 
• Coronary angiography and PCI 

• Extracorporeal CPR 

@docsanga 



Q #1: Is E-CPR a life saver or a costly toy?  

ROLE 
DEFINITION 



Q #1: Is E-CPR a life saver or a costly toy?  

ECLS 
Trolley 

IC Consultant 
IC Resident 

Cardiology 
Consultant 

ECLS Doctor #1 
(Cardiac IC Consultant) 

ECLS Doctor #2 
(Cardiac IC Resident) 

Perfusionist 

Monitor 
Ventilator 

ER Nurse #1 

ER Nurse #2 CSICU Nurse 

E-CPR ED Setup 

ROLE 
DEFINITION 
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Q #1: Is E-CPR a life saver or a costly toy?  

Door-to-ECPR time  
(mins, median) 
 

Survival to D/C  
(CPC 1-2) 

2006-2010 2011-2012 2013-2017 

43.8’  
. 
 

9% 
. 

30.8’  
. 
 

19%  
. 

22.7’  
. 
 

28%  
. 

E-CPR  
for 

OHCA 

2018-2019 

15.6’  
. 
 

29%  
. 

@docsanga 



Q #1: Is E-CPR a life saver or a costly toy?  

CA 
CENTRES ECMO 

CENTRES 
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Q #1: Is E-CPR a life saver or a costly toy?  

CA CENTRES 
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Witnessed CA 

Comorbidities NO INDICATION 

No-flow < 12’ 

Shockable NO INDICATION 

NO INDICATION 

Collapse-to-door < 60’ 

NO INDICATION 

NO 

NO 

NO 

NO 

YES 

EtCO2 > 10 mmHg 

CONSIDER E-CPR 

YES 

YES 

Comorbidities: 
 terminal malignancy 
 aortic dissection 
 severe peripheral arteriopathy  
 severe cardiac failure without transplant  indication 
 severe aortic valve failure 

AGE: 12-70 

YES 

YES 

Q #1: Is E-CPR a life saver or a costly toy?  

Lombardia 
E-CPR 
Protocol 
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Q #1: Is E-CPR a life saver or a costly toy?  

  2016 2017 2018 n. survived 

 E-CPR Patients 101 125 46 98/272 

 ECMO for CS 58 103 30 134/191 

 ECMO for ARDS 39 33 33 75/105 

 ECMO PE  4 2 5 3/11 

 ECMO for Hypothermia 4 5 0 4/9 

 ECMO < 16 aa 33 43 24 57/100 

 Total ECMO pts 236  312 147 366/695 

36% 

P.Galimberti DRIEU ECMO 
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Lombardia ECMO activity 01/2016-03/2018 



Q #1: Is E-CPR a life saver or a costly toy?  

Pabst D et al. Am J Emerg Med 2017 

Is PEA a contraindication to E-CPR?  

Treat reversible causes: 
 

• Hypoxia  
• Hypovolaemia 

• Hypo-/hyperkalaemia/metabolic 
• Hypothermia 

 

• Thrombosis (coronary or pulmonary) 
• Tension pneumothorax 
• Tamponade – cardiac  

• Toxins 

Identify cardiac 
motion 
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Q #1: Is E-CPR a life saver or a costly toy?  

Is it better to take the patient to ECMO or ECMO to the patient? 
 

 

 

What next? 
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Q #1: Is E-CPR a life saver or a costly toy?  

VERTICAL LIMITS 
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Q #1: Is E-CPR a life saver or a costly toy?  

HORIZONTAL LIMITS 

The Lombardia experience 

@docsanga 



Q #2: Is trauma a contraindication to ECMO?  

First trauma patient on 
by-pass: 

24 yo male 

Motorcycle accident 

Aortic rupture 

Surgery on by-pass 

Post-traumatic ARDS 

ECLS for 75hrs 

Survived wo deficits 

N Engl J Med 1972 
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Q #2: Is trauma a contraindication to ECMO?  

POST-TRAUMATIC ARDS DIRECT CARDIAC INJURY 
Leading to CS or CA 

Modified from Curr Opin Anesth 2019 
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Q #2: Is trauma a contraindication to ECMO?  



Conclusion 
 

The use of ECLS in trauma patients when 
needed may provide survival benefits 
that significantly overweigh the feared 
risk of bleeding associated.  
 

J Trauma Acute Care Surg 2017 
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Q #2: Is trauma a contraindication to ECMO?  



ECMO 

Restores CO 
Clears lactates 
Improves acidosis 

Controls Temperature 
Offloads the 
venous side 

@docsanga 

Q #2: Is trauma a contraindication to ECMO?  



Schmidt M, Critical Care 2014 @docsanga 

Objectives of MV 
during VV ECMO 

Q #3: How should we ventilate? 



Q #3: How should we ventilate? 

TOTAL 
LUNG  
REST 

OPEN 
LUNG  

APPROACH 
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173 adult respiratory ECMO centres 

Only 27.1% of ECMO centres had a     
protocol for MV on ECMO 

55.8% of centres limited plateau              
pressure to less than 30 cmH2O 

45.7% used low PEEP and low plateau             
pressure to allow “lung rest” during ECMO 

44.2% preferred an open lung ventilation strategy 
with moderate/high PEEP values 

 

 

Minerva Anestesiol 2015 

Total 
Lung 
Rest 

Open 
Lung 
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Q #3: How should we ventilate? 



TOTAL REST 

Less strain 

Need for higher 
BF to obtain 
adequate 
oxygenation 

More frequently 
persisting 
hypoxemia 

RV does not like 
lung collapse 

Need to convert 
to VA in some 
patients 

Pesenti A., Med Klin Intensivmed Notfmed 2018  

OPEN LUNG 

Less cyclic 
closure/reopening 

Lower BF may be 
sufficient 

Lower incidence of 
RV failure and 
conversion to VA 

Might lead to 
overdistention 

Might be less 
‘protective’ 

Walking the tight rope…  

Q #3: How should we ventilate? 

@docsanga 



Minerva Anestesiol 2010 @docsanga 

Q #3: How should we ventilate? 

If the patient is completely dependent from 
ECMO  

any possible complication  
(leading to circuit malfunction or increased O2 

consumption)  
could be lethal 

Four patients were 

converted from v-v to 

v-a ECMO, three 

because of right heart 

failure and one because 

of life threatening 

arrhythmias with 

circulatory instability 

that did not respond to 

conventional treatment. 

33% 



C,w p 

C,w a = 0 

C,w ab 

C,w a 

C,w ab 

C,w p = 0 

Question 2: Should Patients with ARDS Receive Prone Positioning? 

Am J Resp Crit Care Med 2017 @docsanga 

…upside down you turn me… 

Q #3: How should we ventilate? 



Non-adherence to evidence-based management of ARDS is common 

The question is no longer whether ECMO works, but “by how much does 
ECMO work, in whom, and at what cost?” 

We very strongly advocate for widespread adoption of proven conventional 
management approaches 

 
Lancet 2019 

@docsanga 

Am J Respir Crit Care Med 2018 

Q #3: How should we ventilate? 



PP during ECMO was not 
associated with major adverse 
events. 

In hypoxaemic patients, PP can 
improve oxygenation 

PP during VV-ECMO is a safe 
procedure when performed by 
trained staff in a recognised 
ECMO centre. 

 

Int Crit Care Nurs 2018 @docsanga 

Q #3: How should we ventilate? 



PROs 

Better VA/Q matching 

Muscle tone preservation 

Less atelectasis 

Less VAP 

Lower intrathoracic pressures 

Better venous return 

Less sedation, less delirium 

Active physio 

Interaction with staff and relatives 

 

 

 

J Thorac Dis 2018 

CONs 

unassisted spontaneous 
hyperventilation has to be avoided 

higher work of breathing 

increased oxygen consumption 

Hypoventilation might happen 

the risk of cannulae and devices 
displacement is higher in awake 
patients 

@docsanga 

Q #3: How should we ventilate? 



In patients under partial ventilatory assist, 
clinicians should not consider that their 
patients are “protected” because they set 
only modest levels of positive airway pressure 
during inspiration using pressure support ven-
tilation. To better understand what forces the 
patient is generating, a monitoring of 
respiratory muscle activity and/or 
respiratory drive is necessary.  

Intensive Care Med 2017 @docsanga 

Q #3: How should we ventilate? 



In order to optimize outcomes, we recommend that, whenever 
possible, centers performing ECMO for cardiac failure achieve a 
minimum ECMO case volume of 30 cases per year, with a substantial 
proportion being for cardiac failure 

Intensive Care Med 2018 
@docsanga 

OI #1: We are below standards 
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OI #1: We are below standards 

Center volumes for 2019 



Intensive Care Med 2018 
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OI #2: We don’t have enough evidence 



Crit Care2018 
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OI #2: We don’t have enough evidence 

EOLIA Authors’ conclusion: “Among patients with very severe ARDS, 60day mortality 
was not significantly lower with ECMO than with a strategy of conventional 
mechanical ventilation that included ECMO as rescue therapy”. 

However: 
a) Emergency ECMO improves outcome by “buying time” in extremely hypoxemic patients.  

Of the 35 patients switched from conventional therapy to rescue ECMO (median SaO2 77%; nine cardiac 
arrest events), 15 survived. It is unlikely that they would have survived without ECMO, regardless of the 
statistical relevance of these observations. 

b) ECMO improves outcome by reducing the invasiveness of mechanical ventilation.  
During ECMO, tidal volume was reduced by 43% and respiratory rate by 23%, while PEEP remained 
essentially unchanged. This represents an estimated 66% reduction in the mechanical power applied to 
the lungs (from 28 J/min to 10 J/min). This reduction was associated with a higher survival rate 
(81/124patients) in the ECMO group (vs 68/125 controls). 



Intensive Care Med 2017 
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OI #2: We don’t have enough evidence 
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OI #3: We have too many complications 

J Crit Care 2019 
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OI #3: We have too many complications 

J Thorac Dis 2019 
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OI #4: We should improve outcome 

Intensive Care Med 2018 

Ongoing research 

Reduction of complications 

 

Center performance 
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OI #4: We should improve outcome 

NETWORKING 

Regional referral 
centers capable of 
performing ECMO, 
including ECMO 
transport, but without 
access to long‐term 
heart replacement 
therapies, should have 
collaborative 
relationships with 
comprehensive care 
centers 

Intensive Care Med 2018 
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OI #4: We should improve outcome 

MONITORING 

No defined 
indications exist on 
monitoring ECMO 
patients 

No sistematic audit is 
performed in most 
centers 

Echocardiography is an excellent tool to assess hemodynamic 

function and help guide management during VV ECLS. 

NO INDICATIONS 

REGARDING 

MONITORING 



Take-home points 

ECMO SAVES LIVES 

Many open issues remain, RCTs may not be the (only) way to answer, 
collaboration is essential 

As for all aspects in the care of the critically ill, sanga’s mantra is… 
MEASURE, MEASURE, MEASURE! 
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Grazie 

docsanga@gmail.com 
fabio.sangalli@unimib.it  
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