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•  Results of conventional therapy 

•  Risks and Benefits of the VA ECMO therapy 

•  no randomized study data available for 
ECMO/ECLS use in cardiogenic shock  

CARDIOGENIC SHOCK 
General Considerations  



Refractory	
  Failure	
  and	
  Treatment	
  
«The	
  ECMO	
  galaxy»	
  

CARDIAC CARDIOPULMONARY PULMONARY 

Pulm+ RV  Pulm+ BiV or LV 

RA-LA ECMO 
 
RVAD ECMO 

BiV 

V-V ECMO 

RV LV 

RVAD LVAD 

JACC - 2011 

V-A ECMO 

V-A ECMO 
BiVAD 



Timetable	
  of	
  VA	
  ECMO	
  implantaAon	
  

Cardiogenic	
  Shock	
   Death Donor Heart failure 

VA ECMO or LVAD  
High risk PTCA 
High risk transcatheter valve 
procedure 
 

VA ECMO for DCD  

Postcardiotomy VA ECMO 
VA ECMO or VAD in PGD after Htx 

Precardiotomy VA ECMO 
After failure of  
conventional therapy 

Cardiac	
  
arrest	
  

Rescue  
VA ECMO 
In/Out of hospital 



Cardiogenic	
  Shock:	
  clinical	
  definiAon	
  
•  Unresponsive	
  Hypotension	
  	
  
•  Prolonged	
  MAP	
  <	
  60	
  mmhg	
  for	
  >	
  30	
  min	
  (or	
  decrease	
  in	
  SBP	
  more	
  than	
  40	
  

mmhg)	
  	
  
•  C	
  I	
  <	
  1,8	
  l/min/m2	
  or	
  <	
  2,2	
  l/min/m2	
  with	
  inotropic	
  support	
  

•  High	
  filling	
  pressures	
  
•  CVP	
  >	
  14	
  mmhg	
  
•  Wedge	
  pressure	
  >	
  16	
  mmhg	
  

•  Inadequate	
  Assue	
  perfusion	
  	
  
•  SVO2	
  <	
  55;	
  Lactate	
  conNnuously	
  increase	
  (or	
  >	
  3)	
  
•  AlteraNon	
  in	
  consciousness	
  
•  Urine	
  output	
  <	
  30	
  cc/h	
  	
  	
  

	
  	
  





Cardiogenic	
  Shock	
  survival	
  aMer	
  diagnosis	
  	
  

In-hospital mortality 60- 80% 
 
 
 
 
 
 

•  56% GUSTO I study 

 
 

•  67% Shock Trial Registry   





«Science	
  never	
  solves	
  problem	
  without	
  
crea>ng	
  ten	
  more…»	
  

George Bernard Shaw 



V-­‐A	
  ECMO	
  criAcal	
  issues	
  
•  Bleeding	
  and	
  thrombosis	
  
	
  
•  AorNc	
  flow	
  compeNNon-­‐	
  Harlequin	
  syndrome	
  

•  LeT	
  heart	
  overload	
  

•  Pulmonary	
  funcNon	
  impairment	
  

•  Emolysis	
  





Mechanical and Patient related Complications 



CiOà	
  della	
  Salute	
  e	
  della	
  Scienza	
  -­‐	
  University	
  of	
  Turin	
  	
  

Hub-­‐and-­‐Spoke	
  2005-­‐2014	
  

	
  144	
  pts	
  	
  
INTERMACS	
  Level	
  1	
  



Mechanical	
  assistance	
  implanted	
  

•  VA	
  ECMO 	
   	
   	
   	
  	
   	
  113	
  
•  VA	
  ECMO	
  to	
  RVAD 	
   	
   	
   	
  	
  	
  	
  	
  5	
  
•  RVAD 	
   	
   	
   	
   	
   	
  	
  	
  13	
  
•  VA	
  ECMO	
  to	
  LVAD 	
   	
   	
   	
  	
  	
  	
  	
  9	
  
•  LVAD 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  4	
  
	
  
	
   	
   	
   	
   	
   	
  	
  

N= 144 n cases 



VA ECMO in Cadiogenic shock 
University of Turin  

 
n= 113 patients INTERMACS level 1  

 
Results  

Death           41/113      36% 
 
Recovery                                                               38/113      34% 
 
Bridge to emergency transplant                            28/113      25% 
 
Bridge to long term LVAD          6/113       5% 
 
 
 

   
Survival to discharge       59/113      51%                                                                    



VA	
  ECMO	
  	
  Risk	
  factors	
  for	
  death	
  
University	
  of	
  Turin	
  	
  	
  	
  	
  n=	
  113	
  paAents	
  	
  

	
  
Mul>variate	
  analysis	
  for	
  hospital	
  death	
  

Postcardiotomic 	
   	
   	
   	
   	
   	
  p	
  0,003	
  
	
  
No	
  leM	
  ventricular	
  venAng 	
   	
   	
   	
   	
  p	
  0,01	
  
	
  
Central	
  approach 	
   	
   	
   	
   	
   	
  p	
  0,01	
  
	
  
External	
  ECMO 	
   	
   	
   	
   	
   	
  p	
  0,22	
  
	
  
“Unstable”	
  ECMO	
   	
   	
   	
   	
   	
   	
  p	
  0,02	
  
	
  
Previous	
  cardiac	
  arrest	
  (CPR) 	
   	
   	
   	
   	
  p	
  0,15	
  
	
  
Miocardial	
  infarcNon 	
   	
   	
   	
   	
   	
  p	
  0,32	
  
	
  
Renal	
  failure	
  (CreaAnine	
  >	
  3,	
  oligo-­‐	
  anuria	
  or	
  dyalisis) 	
   	
   	
  p	
  0,04 	
  	
  
	
  
HepaAc	
  failure	
  (INR>	
  1,5;	
  AST	
  or	
  ALT	
  >	
  3	
  Ames)	
   	
   	
   	
  p	
  0,03	
  
	
  
	
  
	
  
	
  
	
  



VA ECMO in Cadiogenic shock 
University of Turin  

 
n= 113 patients INTERMACS level 1 

 
Results  

Renal	
  failure	
  

HepaNc	
  failure	
  
0%	
  

10%	
  

20%	
  

30%	
  

40%	
  

50%	
  

60%	
  

70%	
  

80%	
  

ECMO	
  
implant	
  >	
  24	
  
hours	
  aTer	
  
diagnosis	
  

ECMO	
  
implant	
  <	
  24	
  	
  
hours	
  aTer	
  
diagnosis	
  

Renal	
  failure	
  

HepaNc	
  failure	
  

P < 0,05 

 
Renal failure  
 
Creatinine > 3, oligo- anuria or 
dyalisis     
 
Hepatic failure  
 
INR> 1,5; AST or ALT > 3 times  

   
 



VA ECMO in Cadiogenic shock 
University of Turin  

 
n= 113 patients INTERMACS level 1 

 
Results  

 
Sepsis 
 
Positive blood cultures  and  
Clinical signs of infection 
 
Major bleedings 
 
Surgical revision or evidence of 
bleeding > 4 blood units 
transfusion   

  
 

P = 0.09 



 LVEF (%)       35  30  25  20  15  <10 

 LVEDD (mm)     65  70  75  80  85
 >90 

 Cardiac Index (l/min/m2)    2,4  2,2  2  1,8  1,6  1,4 

 CVP tor      10  12  14  16  18
 >20 

 APACHE II     <10  <10  11-15  11-15  16-20
 >20 

 Inotropes (days)     0  0  1  2-4  5-10  >10  

 Hepatic failure (bilirubin)    <1  <1.5  <2  <3  <5  >5 

 RVF (RVFAC)%      >40  >40  >35  >30  >25
 <20 

 Ventilation (days) 0     0  <1  1-2  3-5  5-7         >7 

 MCS (days)      0  0  <1  1-3  4-6  >7 

 MOF (organs)      0  1  1  2  3  >3 

When is too early or too late? 
reversible                                              irreversible 



• 	
  Early	
  Referral	
  
• 	
  Increasing	
  Experience	
  
• 	
  SystemaAc	
  LV	
  venAng	
  

INTERMACS	
  Level	
  1	
  

VA	
  ECMO	
  changing	
  outcomes	
  
University	
  of	
  Turin	
  	
  	
  	
  	
  n=	
  113	
  paAents	
  	
  

	
  



VADs-­‐ECMO	
  outcomes	
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  Level	
  1	
  



When the Heart kills  
the Liver and the Kidney  





Hypoxic Hepatitis  
Reversible damage 

Time  

Cronic Hepatitis 
Irreversible damage  

hours 

Necrosis Fibrosis 

days weeks 

AST, ALT, LDH, INR Bilirubin, Albumin,  
INR 



N= 25 in cardiogenic shock in medical therapy 
 
 
CAHIRI is potentially reversible   
 
CAHIRI (ischemic hepatic and renal failure)  
Peak of necrosis within 48 hours 

Liver autopsy: 
Central necrosis  



Inotropic	
  
drugs	
  

Low	
  cardiac	
  output	
  	
  

•  high	
  dose	
  inotropic	
  drugs	
  	
  	
  

10	
  units:	
  

10	
  gamma/kg/min	
  dobutamine	
  

or	
  

0,1	
  gamma	
  /kg/min	
  	
  adrenaline	
  	
  

IABP	
  

Short-­‐term	
  
ECMO/VAD	
  

Short	
  term	
  ECMO/VAD	
  -­‐	
  IndicaAons	
  
SCENARIO	
  

Cardiology	
  –	
  Cardiac	
  Surgery	
  

Acute	
  Cardiogenic	
  Shock	
  Precardiotomy	
   Postcardiotomy	
  

Persistent  Low cardiac output 
 
Check signs  of  renal  
 
and  hepatic injury 
 
Whithin 6  hours 



 
TIMING: ECMO implant before Liver and Kidney  

Irreversible ischemic Injury 
 
 
 
Hepatic  function  cut-off 
 
• AST, ALT < 3 times than normal value 

• LDH < 1,5  times than normal value 

• INR < 1,5 times than normal value 

• Bilirubin and Albumin are usually preserved  

Kidney function cut-off 
 
• Creatinine < 2 times than normal value and BUN< 60 
 
• UO > 0,5 ml/kg/h  

• GF > 40 ml/min/m2 



J Intensive Care Med 2005 

CARDIOGENIC SHOCK 
 

Basic Approach 

•  RAPID REPERFUSION of the myocardium 

•  SUPPORT THE HEMODYNAMIC SYSTEM assuring 
adequate fluid volume, maintaining adequate cardiac 
output with drugs or mechanical assistance, 
correcting gas-exchange abnormalities and providing 
adequate oxygenation 

•  It is not clear the chance of RECOVERY 
 
 









Left ventricular overload on ECMO   



Currently available percutaneous MCS   



MCS	
  Strategy	
  
	
  

Acute setting Chronic setting 

Short term VAD Long term VAD 

Bridge to Decision Bridge to Recovery 

Emergency Htx 
Permanent VAD 

?unknown patients? !known patients! 

Dynamic strategy 

BRIDGE to LIFE 



Transapical	
  LeM	
  Ventricular	
  VenAng	
  
Anterolateral Mini left thoracotomy  

Medtronic High flow cannula 21 Fr 



Postcardiotomy Heart Failure 
the IABP Score for VA ECMO indication 



 centrifugal pump ± oxigenator (ECMO) 

Short term biventricular support 
postcardiotomy setting 





V-­‐A	
  ECMO	
  out	
  of	
  hospital	
  



Out-­‐of-­‐Hospital	
  ResuscitaAve	
  ECMO	
  	
  

CARDIO	
  HELP-­‐	
  Maquet	
  















Survival	
  Chain	
  

V-­‐A	
  ECMO	
  





CONCLUSIONS	
  

•  Timing	
  of	
  ECMO	
  implantaNon	
  is	
  strictly	
  
dependent	
  from	
  renal	
  and	
  hepaNc	
  funcNon	
  

•  The	
  earlier	
  the	
  beber:	
  within	
  6-­‐12	
  hs	
  aTer	
  
inotropes	
  and	
  IABP	
  if	
  renal	
  and	
  hepaNc	
  
dysfuncNon	
  progresses	
  

•  SystemaNc	
  LV	
  apical	
  venNng	
  
•  In	
  out-­‐of-­‐hospital:	
  only	
  no-­‐flow,	
  low-­‐flow	
  
Nmes	
  and	
  ETCO2	
  drive	
  the	
  Nming	
  and	
  
indicaNon	
  


