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SEll	
  a	
  chance…	
  

	
  	
  	
  



Department of Cardiac, Thoracic, Vascular Sciences 
University of Padua, Italy 

ECMO	
  
Extra	
  Corporeal	
  Membrane	
  OxygenaEon	
  	
  

•  Management life threatening pulmonary 
and/or cardiac failure 

 
•  Temporary support 
 -Bridge to decision (Candidacy) 
 -Bridge to recovery 
 -Bridge to transplantation 
 -Bridge to bridge 
 -Bridge to conventional surgery 
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Ø  Weaning Strategies 
 
Ø  Predictors of ECMO weaning 

Bridge	
  To	
  Recovery	
  (BTR)	
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ECMO weaning trials 
 
§  Hemodynamically stable  

Ø MBP > 60 mmHg 
Ø No or low-dose vasoactive agents 
Ø  Pulsatile arterial waveform 
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ECMO weaning trials 
 
Ø  ECMO flow decreased to: 

Ø  66% for 10-15 min 
Ø  33% for 10-15 min 
Ø Minimum of 1-1.5 L/min for another 10-15 min 
 

If MBP dropped significantly and was constantly < 60 
mmHg during the trial, ECMO flow was returned to 
100% of the initial flow and the trial was stopped 
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ECMO weaning trials 
 
Ø Doppler echocardiography at each ECMO flow level: 

Ø Minimum of 1-1.5 L/min 
Ø  LVEF >20-25% 
Ø VTI >10 cm 
 

Weaning successful completed and ECMO removed 
after prolonged (10-20 min) complete circuit 
clamping in the OR 
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Full ECMO weaning trial 
Ø Aortic VTI ≥10 cm 
Ø LVEF > 20-25% 
Ø TDSa ≥ 6cm/s 
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Ø  Weaning Strategies 
 
Ø  Predictors of ECMO weaning 

Bridge	
  To	
  Recovery	
  (BTR)	
  
Padua	
  Experience	
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ECMO	
  Pt	
  

Surgery	
   Weaning	
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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PLSTM	
  ECMO	
  (Maquet)	
  	
  
	
  

Pre-­‐assembled,	
  portable,	
  “all-­‐in-­‐one”	
  design	
  including	
  oxygenator	
  (Quadrox	
  DTM),	
  	
  
centrifugal	
  pump	
  (RotaflowTM),	
  and	
  heparin	
  coated	
  tubes	
  as	
  well	
  as	
  an	
  opEonal	
  	
  
heat	
  exchanger	
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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ECMO	
  
CONFIGURATIONS	
  

•  Veno-Venous (VV) --- only respiratory failure 

•  Veno-Arterial (VA) --- respiratory and cardiac support 

•  Central (Right Atrium - Aorta) 

 
•  Peripheral (Cannulas inserted percutaneously) 

 -VV ECMO (Jugular Vein - Femoral Vein) 
 -VA ECMO (Femoral Vein - Femoral or Subclavian Artery)  
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CONFIGURATIONS	
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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AnEcoagulant	
  Management	
  

Ø Before implant: Heparin 5000 UI bolus -> 
ACT 180 s 

 
Ø In ICU: Heparin infusion -> aPTT 50-60 sec 
 
Ø ROTEM to manage thrombotic/hemorragic 

complications 
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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ECMO	
  and	
  Pt	
  Management	
  
I Phase: Full flow support (BSA*2.4 L/min) 

Ø  Cardiac function totally replaced 

Ø  Circulatory support and organ perfusion 

 
II Phase: Partial support 

Ø  Pulsatility  

Ø  Maintain inotropes/IABP: heart opens aortic valve -> no need for vent 
Ø  MR (>3+/4): vasodilation 
Ø  Wake the pts to guarantee sympathetic tone 
Ø  Weaning from mechanical ventilation 
Ø  Extubation to reduce pulmonary resistance 
Ø  Reduce ECMO support (monitoring pulsatility, urine output, CVP, PCWP) 
Ø  50-60% of estimated CO (BSA*2.4 L/min), monitoring lactates 
Ø  Reduce inotropic support 

 
III Phase: Weaning 
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Ø  ECMO System 
Ø  ECMO Placement 
Ø  Anticogulant Management 
Ø  ECMO and Pt Management 
Ø  Weaning Trial 
 

ECMO	
  
Padua	
  Experience	
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Weaning	
  Strategy	
  
III Phase: Weaning Trial 

Ø  Hemodynamic stabilization 

Ø  Improvement of organ function (neurologic, respiratory, renal, or hepatic) 

 

Ø  ECMO flow decreased to: 
Ø  50% (I d) 
Ø  35% (II d) 
Ø  20% (III d) 
Ø  Minimum of 1L/min for another day 

Ø  Doppler echocardiography at each ECMO flow level: 
Ø  Ventricular function (LVEF) 
Ø  Ventricular volume (EDVi, TR) 
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III Phase: Weaning Trial 
 
Goal for weaning 

Ø  ECMO flow: 1 L/min 
Ø  aPTT 60-70 sec 
Ø Awake and breathing independently 
Ø Hemodynamically stable (monitoring pulsatility, lactates, 

urine output, CVP, PCWP) 
Ø  Systolic blood pressure > 85 mmHg  
Ø  Low dose inotropic support 
Ø  LVEF > 35% 
Ø Normal right ventricular contractility 
Ø  EDVi < 100ml 
Ø  TR < severe 

	
  

 

 

Weaning	
  Strategy	
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Pre-­‐assembled,	
  portable,	
  “all-­‐in-­‐one”	
  design	
  including	
  oxygenator	
  (Quadrox	
  DTM),	
  	
  
centrifugal	
  pump	
  (RotaflowTM),	
  and	
  heparin	
  coated	
  tubes	
  as	
  well	
  as	
  an	
  opEonal	
  	
  
heat	
  exchanger	
  

PLSTM	
  ECMO	
  (Maquet)	
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Cardiogenic Shock 
64 pts 
(Jan 09 - Mar 13) 

56pts  ECMO	
   	
  Hub	
  Center	
  

8 pts ECMO	
   	
  Spoke	
  Center	
  

Between January 2009 and March 2013 64 patients in primary cardiogenic 
shock  refractory to optimal conventional therapy (inotropes and intra-
aortic-ballon-pump) were treated with the extracorporeal life support 
implantation. Veno-arterial extracorporeal membrane oxygenation has 
been implanted either at bedside under local anesthesia or in operating 
room. 

METHODS	
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Refractory	
  	
  
Primary	
  Cardiogenic	
  Shock	
  	
  

•  Systolic	
  BP	
  <	
  90	
  mmHg	
  (inotropes/IABP)	
  
•  Pulmonary	
  congesDon	
  
•  Altered	
  mental	
  status	
  
•  Cold,	
  clammy	
  skin	
  
•  Oliguria	
  (urine	
  output	
  <	
  30	
  ml/h	
  for	
  3	
  hrs)	
  
•  Lactates	
  >	
  2.0	
  mmol/L	
  
•  AST/ALT/bilirubin	
  >	
  3	
  x	
  normal	
  limit	
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Refractory	
  	
  
Primary	
  Cardiogenic	
  Shock	
  	
  

•  Exclusion	
  criteria:	
  
– Postcardiotomy	
  shock	
  
– Severe	
  neurologic	
  involvement	
  	
  
	
   	
  (anisocoria,	
  signs	
  of	
  decerebraDon	
  or	
  focality)	
  

	
  
•  RelaEve	
  contraindicaEons:	
  

– Age	
  >	
  75	
  yrs 	
   	
  	
  
– Severe	
  PVD	
  



Department of Cardiac, Thoracic, Vascular Sciences 
University of Padua, Italy 

Acute	
  vs	
  Chronic	
  

•  ACUTE	
  	
  	
  Primary	
  Cardiogenic	
  Shock	
  (A-­‐PCS)	
  
“Acute	
  event	
  on	
  a	
  previously	
  healthy	
  heart”	
  

•  CHRONIC	
  	
  	
  Primary	
  Cardiogenic	
  Shock	
  (C-­‐PCS)	
  
“Acute	
  deteriora>on	
  of	
  a	
  chronic	
  cardiomyopathy”	
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PaEents	
  

AETIOLOGY	
   Overall (n=64)	
   “Acute” 
A-PCS  (n=37)	
  

“Chronic” 
C-PCS  (n=27)	
  

AMI	
   26 (41%)	
   26 (70%)	
   0	
  

Myocarditis	
   4 (6%)	
   4 (11%)	
   0	
  

Pulmonary embolism	
   6 (9%)	
   6 (16%)	
   0	
  

Post-partum CM	
   1 (2%)	
   1 (3%)	
   0	
  

DCM	
   20 (31%)	
   0	
   20 (74%)	
  

ICM 	
   5 (8%)	
   0	
   5 (19%)	
  

Congenital	
   2 (3%)	
   0	
   2 (7%)	
  

• Patients    64 (Jan 2009 – Mar 2013) 
• Age (yrs)    50 ±16     
• Gender (M/F)    52/12  
• BSA (mq)    1.83±0.2 
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PreoperaEve	
  characterisEcs	
  
Overall (n=64)	
   A-PCS (n=37)	
   C-PCS (n=27)	
   p (A vs C)	
  

Malignant arrythmia	
   29 (45%)	
   18 (49%)	
   11 (41%)	
   0.0368	
  

CPR within 72h	
   32 (50%)	
   26 (70%)	
   6 (22%)	
   <0.0001	
  

N. of inotropes	
   1.9 ± 1	
   1.7 ± 1	
   2.1 ± 1.1	
   0.009	
  

IABP	
   25 (39%)	
   19 (51%)	
   6 (22%)	
   0.0014	
  

Respiratory failure	
   55 (86%)	
   32 (86%)	
   23 (85%)	
   0.0417	
  

Mechanical ventilation	
   46 (72%)	
   29 (78%)	
   17 (63%)	
   0.0118	
  

Renal failure	
   32 (50%)	
   14 (38%)	
   18 (67%)	
   0.0014	
  

CVVH	
   8 (13%)	
   4 (11%)	
   4 (15%)	
   0.71	
  

Hepatic failure	
   20 (61%)	
   7 (19%)	
   13 (48%)	
   0.0007	
  

MOF	
   24 (38%)	
   12 (32%)	
   12 (44%)	
   0.32	
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Technique	
  of	
  implantaEon	
  

Overall (n=64)	
   A-PCS (n=37)	
   C-PCS (n=27)	
   p (A vs C)	
  

Salvage CPR	
   17 (26.5%)	
   14 (37.8%)	
   3 (11%)	
   0.02	
  

A-­‐PCS	
  group	
  
(n=37)	
  

Bedside	
  	
  
(n=21)	
  	
  	
  57%	
  

O.R.	
  	
  
(n=16)	
  43%	
  

C-­‐PCS	
  group	
  
(n=27)	
  

Bedside	
  	
  
(n=10)	
  	
  	
  	
  37%	
  

O.R.	
  	
  	
  
(n=17)	
  63%	
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CannulaEon	
  site	
  

A-­‐PCS	
  group	
  
(n=37)	
  

Femoro-­‐Femoral	
  	
  
(n=32)	
  
86%	
  

Axillary-­‐Femoral	
  	
  
(n=4)	
  
11%	
  

Central	
  	
  
(n=1)	
  
3%	
  

C-­‐PCS	
  group	
  
(n=27)	
  

Femoro-­‐Femoral	
  
	
  (n=19)	
  
70%	
  

Axillary-­‐Femoral	
  
(n=8)	
  
30%	
  

F-­‐F	
  to	
  A-­‐F	
  
(n=4)	
  
11%	
  

F-­‐F	
  to	
  A-­‐F	
  
(n=5)	
  
19%	
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Results	
  

Overall (n=64)	
   A-PCS (n=37)	
   C-PCS (n=27)	
   p (A vs C)	
  

Duration (days)	
   8.9 ±8.7	
   8.3 ±7.6	
   9.7 ±10.1	
   0,540	
  

Flow (% of theoretical CO)	
   61 ±15	
   57 ±13	
   67 ±15	
   0,004	
  

N. of inotropes (mean)	
   2.6 ±1.1	
   2,2 ±1.1	
   3,14 ±0.8	
   <0,001	
  

Serum lactates (mmol/L)	
   3.2 ±2.6	
   2,6 ±1.4	
   3,8 ±3.6	
   0,152	
  

TnI peak (µg/L)	
   86 ±160	
   135 ±192	
   20 ±56	
   0,003	
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ComplicaEons	
  
Overall (n=64)	
   A-PCS (n=37)	
   C-PCS (n=27)	
   p (A vs C)	
  

Neurological	
   12 (19%)	
   8 (22%)	
   4 (15%)	
   0,490	
  

Limb ischemia	
   9 (14%)	
   6 (16%)	
   3 (11%)	
   0,720	
  

Bleeding	
   13 (20%)	
   8 (22%)	
   5 (19%)	
   0,760	
  

Hemolysis	
   1 (2%)	
   1 (3%)	
   0	
   1,000	
  

CVVH	
   22 (34%)	
   10 (27%)	
   12 (44%)	
   0,140	
  

Oxygenator change	
   14 (22%)	
   5 (14%)	
   9 (33%)	
   0,058	
  

Malfunction	
   4 (6%)	
   2 (5%)	
   2 (7%)	
   1,000	
  

ARDS/Pulmonary congestion	
   5 (8%)	
   1 (3%)	
   4 (15%)	
   0,150	
  

Sepsis	
   9 (14%)	
   3 (8%)	
   6 (22%)	
   0,150	
  

MOF post	
   14 (22%)	
   8 (22%)	
   6 (22%)	
   0,950	
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Outcomes	
  
A-­‐PCS	
  group	
  

(n=37)	
  

Bridge-­‐to-­‐Recovery	
  	
  
(n=18)	
  	
  	
  49%	
  

Bridge-­‐to-­‐Bridge	
  	
  
(n=9)	
  	
  	
  24%	
  

Bridge-­‐to-­‐Transplant	
  
(n=3)	
  	
  	
  8%	
  

Bridge-­‐to-­‐Surgery	
  
(n=1)	
  	
  	
  3%	
  

Bridge-­‐to-­‐Decision	
  
(n=6)	
  	
  	
  16%	
  

C-­‐PCS	
  group	
  	
  
(n=27)	
  

Bridge-­‐to-­‐Recovery	
  	
  
(n=0)	
  	
  	
  0%	
  

Bridge-­‐to-­‐Bridge	
  	
  
(n=14)	
  	
  	
  52%	
  

Bridge-­‐to-­‐Transplant	
  
(n=9)	
  	
  	
  33%	
  

Bridge-­‐to-­‐Surgery	
  
(n=1)	
  	
  	
  4%	
  

Bridge-­‐to-­‐Decision	
  
(n=3)	
  	
  	
  11%	
  

p<.0001 

p=.001 

p=.001 
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Outcomes	
  (2)	
  

Overall (n=64)	
   A-PCS (n=37)	
   C-PCS (n=27)	
   p (A vs C)	
  

Mortality in ECMO	
   9 (14%)	
   6 (16%)	
   3 (11%)	
   0,720	
  

Mortality 30-day	
   13 (20%)	
   6 (16%)	
   7 (26%)	
   0,024	
  

In-Hospital Mortality 27 (42%) 15 (41%) 12 (44%) 0.802 

Discharged from hospital	
   37 (59%)	
   22 (59%)	
   15 (56%)	
   0,750	
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All 
 Patients 
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Discharged 
Patients 
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Bridge 
To 

Recovery 
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DuraEon	
  of	
  support	
  
Predicts	
  survival	
  

p=0,06	
  Mortality in ECMO 

Duration < 9 days  
predicts survival: 

in ECMO      p=0.05 
at 30-days      p=0.01 

to discharge      p=0.002 

Mortality at 30 days p=0,05	
  

Survival to discharge p=0,02	
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Flow	
  (%	
  of	
  theoreEcal)	
  
Predicts	
  weaning	
  

Flow < 60%  
Predictor of recovery 

p=0.02 

Group	
  A-­‐PCS	
  (n=37)	
  

p=0,03	
  
AMI	
  subgroup	
  (n=26)	
  

p=0,01	
  

Required % of support is significantly related with recovery 
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Conclusions	
  

•  Mortality	
  in	
  ECMO: 	
  14%	
  
•  Survival	
  to	
  discharge: 	
  59%	
  

C-­‐PCS	
  Group,	
  chronic	
  	
   BTB,	
  BTT	
  

A-­‐PCS	
  Group,	
  acute	
   BTR	
  

ECMO	
  as	
  a	
  
“Bridge-­‐to-­‐Life”	
  

	
  Support	
  <	
  9	
  days 	
   	
  Survival	
  

	
  Flow	
  <	
  60% 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  Recovery	
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Padua	
  Experience	
  

AETIOLOGY Overall (n=132) 

AMI 46 (35%) 

Myocarditis 8 (6%) 

Pulmonary embolism 7 (5%) 

DCM 38 (29%) 

ICM  14 (11%) 

Other 19 (14%) 

• Patients    132 
• Period    Jan 2009 – Nov 2015 

• Age (yrs)    52 ±15     
• Gender (M/F)    105/30 (80% males) 
• BSA (mq)    1.86±0.2 

Percutaneous implant:  55% 

Mean duration:  8,3±8,5 Days 

Mortality ECMO:  19% 

Survival to discharge:  54% 

A-­‐PCS	
  Group,	
  acute	
   BTR	
  (47%)	
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Ø  Weaning Protocol 
Ø  Avoid Complications 
Ø  Etiology 
Ø  Flow 
Ø  Time 
 

	
  
Take	
  home	
  message	
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Bridge	
  To	
  Recovery	
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ECMO	
  Placement	
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ECMO	
  Management	
  



Department of Cardiac, Thoracic, Vascular Sciences 
University of Padua, Italy 

V.Tarzia,	
  G.Gerosa	
  
	
  

Division	
  of	
  Cardiac	
  Surgery	
  
Department	
  of	
  Cardiac,	
  Thoracic,	
  Vascular	
  Sciences	
  

University	
  of	
  Padua	
  

Recovery	
  	
  
and	
  weaning	
  strategies	
  


