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The	
  primary	
  goals	
  of	
  nondurable	
  MCS	
  devices	
  are	
  
§  increase	
  vital	
  organ	
  perfusion,	
  	
  
§  augment	
  coronary	
  perfusion,	
  	
  
§  reduce	
  ventricular	
  volume	
  and	
  filling	
  pressures,	
  

thereby	
  reducing	
  wall	
  stress,	
  stroke	
  work,	
  and	
  
myocardial	
  oxygen	
  consump<on.	
  

ECMO	
  

Together	
  with	
  the	
  
growth	
  in	
  use	
  of	
  
LVAD,	
  the	
  use	
  of	
  
ECMO	
  has	
  been	
  

steadily	
  increasing	
  



VENOARTERIAL	
  EXTRACORPOREAL	
  
MEMBRANE	
  OXYGENATION	
  (VA-­‐ECMO)	
  	
  

Veno-­‐Arterial-­‐ECMO	
  displaces	
  
venous	
  blood	
  from	
  the	
  right	
  

atrium,	
  through	
  an	
  
extracorporeal	
  centrifugal	
  
pump	
  and	
  oxygenator,	
  into	
  

the	
  femoral	
  artery	
  or	
  centrally	
  	
  

Femoral	
  vessels	
  cannula<on	
   Central	
  cannula<on	
  



PRESSURE	
  VOLUME	
  LOOPS	
  

VA-­‐ECMO	
  without	
  a	
  LV	
  ven>ng	
  increases	
  
LV	
  systolic	
  and	
  diastolic	
  pressure,	
  while	
  

reducing	
  LV	
  stroke	
  volume.	
  	
  

Normal	
  loop	
  

Cardiogenic	
  Shock	
  



VENOARTERIAL	
  EXTRACORPOREAL	
  
MEMBRANE	
  OXYGENATION	
  (VA-­‐ECMO)	
  	
  

Veno-­‐Arterial-­‐ECMO	
  displaces	
  
venous	
  blood	
  from	
  the	
  right	
  

atrium,	
  through	
  an	
  
extracorporeal	
  centrifugal	
  
pump	
  and	
  oxygenator,	
  into	
  

the	
  femoral	
  artery	
  or	
  centrally	
  

The	
  poten<al	
  risk	
  of	
  increase	
  in	
  LV	
  aJerload	
  and	
  wall	
  
stress	
  has	
  nega<ve	
  consequences	
  on	
  myocardial	
  
protec<on	
  and	
  may	
  cause	
  progressive	
  acute	
  lung	
  

injury	
  unless	
  the	
  LV	
  is	
  vented	
  or	
  unloaded	
  	
  



DIRECT:	
  
§  Severe	
  Ventricular	
  disfunc>on	
  	
  
§ Aor>c	
  Valve	
  insufficiency	
  
§ Arrhythmia	
  

‘INDIRECT’	
  (related	
  to	
  ECMO):	
  
§  	
  	
  	
  	
  	
  aEerload	
  	
  
§  Inadequate	
  venous	
  drainage	
  



	
  	
  	
  	
  LVEDP	
  
§  Impaired	
  myocardial	
  perfusion	
  	
  
§  	
  	
  Wall	
  stres	
  	
  
§  	
  	
  Myocardial	
  	
  oxygen	
  consump>on	
  

	
  	
  	
  	
  LAP	
  
§ Pulmonary	
  edema	
  
§ Respiratory	
  failure	
  	
  	
  	
  	
  



	
  	
  	
  	
  	
  

	
  	
  	
  	
  

Ul<mately,	
  it	
  may	
  result	
  in	
  flow	
  stasis	
  	
  and	
  
development	
  of	
  LV	
  thrombus	
  with	
  risk	
  of	
  

emboliza<on	
  or	
  stroke	
  	
  



Conclusions	
   Short-­‐term	
   unloading	
   may	
   conserve	
  
calcium	
  cycling	
  and	
  improve	
  heart	
  func<on	
  during	
  
the	
  post-­‐infarct	
  period.	
   J	
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LeT	
  Heart	
  Decompression	
  	
  
Strategies	
  During	
  VA-­‐ECMO	
  

Noninvasive	
   Inotropic	
  support	
  
Reducing	
  VA-­‐ECMO	
  flow	
  

Percutaneous	
  
	
  

IABP	
  
Impella	
  axial	
  flow	
  catheter	
  
Transseptal	
  LA	
  cannula<on	
  
Transseptal	
  LV	
  cannula<on	
  
Atrial	
  septostomy	
  

Surgical	
  
	
  

Direct	
  LV	
  apical	
  cannula<on	
  
Direct	
  LA	
  cannula<on	
  



§ Inotropic	
  support	
  +	
  ATerload	
  reducWon	
  
	
  	
  	
  	
  	
  (mean	
  arterial	
  pressure	
  of	
  50-­‐60mmHg)	
  

Workload         O2 consumption    

§ “Adequate”	
  Pump	
  Flow	
  
Keep	
  Flow	
  Rates	
  of	
  2.5-­‐4	
  L/min	
  to	
  maintain	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
physiologic	
  levels	
  of	
  Lactate,	
  pH	
  and	
  SvO2.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
The	
  lower	
  pump	
  flow	
  rates	
  also	
  reduce	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
perfusion-­‐related	
  aLerload	
  

§ Avoid Volume Overload 
Hemofiltra1on	
  should	
  be	
  considered	
  liberally	
  

OpWmize	
  Ventricular	
  Unloading	
  



LeT	
  Heart	
  Decompression	
  	
  
Strategies	
  During	
  VA-­‐ECMO	
  

Noninvasive	
   Inotropic	
  support	
  
Reducing	
  VA-­‐ECMO	
  flow	
  

Percutaneous	
  
	
  

IABP	
  
Impella	
  axial	
  flow	
  catheter	
  
Transseptal	
  LA	
  cannula<on	
  
Transseptal	
  LV	
  cannula<on	
  
Atrial	
  septostomy	
  

Surgical	
  
	
  

Direct	
  LV	
  apical	
  cannula<on	
  
Direct	
  LA	
  cannula<on	
  



VenWng	
  of	
  the	
  LV	
  with	
  during	
  VA-­‐ECMO	
  support	
  	
  
	
  	
  	
  LV	
  end-­‐systolic	
  pressure	
  and	
  end-­‐diastolic	
  volume	
  

and	
  	
  	
  	
  aor1c	
  diastolic	
  pressure	
  	
  

VenWng	
  

No	
  venWng	
  

PRESSURE	
  VOLUME	
  LOOPS	
  

VenWng	
  the	
  LeT	
  Ventricle	
  



Access	
  to	
  LA	
  via	
  
standard	
  trans	
  
septal	
  technique	
  

Trans-­‐septal	
  cannulaWon	
  



Unload	
  the	
  LV	
  with	
  a	
  cannula	
  inserted	
  in	
  
the	
  Pulmonary	
  Trunk	
  

Femoral	
  approach	
  

Jugular	
  approach	
  



End	
  diastolic	
  diameter	
  before,	
  aJer	
  ini<a<ng	
  ECMO	
  
support	
  and	
  aJer	
  posi<oning	
  of	
  the	
  intra-­‐LV	
  pigtail	
  

Trans	
  AorWc	
  Valve	
  



Impella	
  percutaneous	
  
micro-­‐axial	
  heart	
  pump	
  



Impella	
  percutaneous	
  
micro-­‐axial	
  heart	
  pump	
  



LeT	
  Heart	
  Decompression	
  	
  
Strategies	
  During	
  VA-­‐ECMO	
  

Noninvasive	
   Inotropic	
  support	
  
Reducing	
  VA-­‐ECMO	
  flow	
  

Percutaneous	
  
	
  

IABP	
  
Impella	
  axial	
  flow	
  catheter	
  
Transseptal	
  LA	
  cannula<on	
  
Transseptal	
  LV	
  cannula<on	
  
Atrial	
  septostomy	
  

Surgical	
  
	
  

Direct	
  LV	
  apical	
  cannula<on	
  
Direct	
  LA	
  cannula<on	
  



Direct	
  LeT	
  Ventricular	
  Apical	
  cannulaWon	
  

Surgical	
  Minimal	
  Invasive	
  	
  
LeT	
  Heart	
  Decompression	
  
Ø Subxiphoidal	
  approach	
  	
  
Ø Anterolateral	
  approach	
  



Right	
  Upper	
  Pulmonary	
  Vein	
  cannulaWon	
  



Temporary	
  VAD	
  support	
  with	
  	
  	
  	
  	
  
	
  	
  	
   	
   	
  	
  centrifugal	
  pump	
  	
  



ECMO	
  

Cardiogenic	
  Shock	
  
Post-­‐

cardiotomy	
  
failure	
  

Femoral	
  
cannulaWon	
  
When	
  preserves	
  
cardiac	
  ac1vity	
  

Central	
  with	
  
LV	
  unloading	
  	
  
Poor	
  LV	
  func1on	
  



Algorithm	
  to	
  
monitor	
  

pa<ents	
  on	
  
ECMO	
  for	
  LeJ	
  
Ventricular	
  
distension.	
  



IABP	
  can	
  increase	
  blood	
  supply	
  
to	
  the	
  coronary	
  arteries	
  and	
  
reduce	
  cardiac	
  aJerload	
  	
  

ECMO	
  and	
  IABP	
  are	
  synergis<c	
  
and	
  complementary	
  to	
  each	
  other	
  	
  



ECMO	
  &	
  IABP	
  in	
  CombinaWon	
  
Maquet	
  Cardiohelp	
  

ECLS	
  Console	
  IABP	
  Console	
  



IABP	
  on	
  Hold:	
  Complete	
  Loss	
  
of	
  Intrinsic	
  Cardiac	
  Pulsa1lity	
  

IABP	
  Console	
  
ICU	
  Monitoring	
  

Screen	
  





Oxygen	
  consump<on	
  index	
  
and	
  oxygen	
  extrac<on	
  ra<o	
  

were	
  increased	
  in	
  the	
  
pulsa<le	
  flow	
  group	
  	
  

The	
  median	
  postopera<ve	
  
microvascular	
  flow	
  index	
  was	
  
higher	
  in	
  the	
  pulsa<le	
  group	
  



Pulsa<le	
  flow	
  achieves	
  higher	
  levels	
  of	
  <ssue	
  perfusion	
  of	
  
the	
  kidney	
  during	
  short-­‐term	
  extracorporeal	
  circula<on	
  



Conclusions	
  	
  
Both	
  the	
  frequency	
  and	
  the	
  amplitude	
  of	
  pulse	
  
wave	
  in	
  the	
  systemic	
  circula1on	
  are	
  significant	
  
independent	
  s1muli	
  for	
  endothelium-­‐derived	
  
nitric	
  oxide-­‐mediated	
  vasodila1on	
  in	
  vivo.	
  



Pulsa<le	
  flow	
  
during	
  

cardiopulmonary	
  
bypass	
  

Preserved	
  
microcircula<on	
  

perfusion	
  

Reduced	
  
leukocyte	
  
aTva<on	
  

Reduced	
  
risk	
  of	
  MOF	
  

Less	
  need	
  
for	
  

inotropics	
  

Lower	
  
mortality	
  

aJer	
  surgery	
  

PULSATILE	
  VS	
  CONTINOUS	
  FLOW	
  	
  



CONCLUSIONS	
  	
  
§ ECMO	
  may	
  increase	
  LV	
  aJerload	
  and	
  
wall	
  stress	
  with	
  nega<ve	
  consequences	
  
on	
  myocardial	
  protec<on	
  and	
  may	
  cause	
  
progressive	
  acute	
  lung	
  injury	
  .	
  	
  

§ VenWng	
  of	
  the	
  LV	
  	
  	
  	
  	
  	
  LV	
  end-­‐systolic	
  
pressure	
  and	
  end-­‐diastolic	
  volume	
  and	
  	
  	
  	
  	
  	
  

	
  aor1c	
  diastolic	
  pressure.	
  



CONCLUSIONS	
  	
  
§ ECMO	
  and	
  IABP	
  are	
  synergis<c	
  and	
  
complementary	
  to	
  each	
  other.	
  	
  

§ Although	
  it	
  appears	
  clear	
  that	
  pulsaWle	
  
flow	
  causes	
  significantly	
  less	
  organ	
  injury	
  
and	
  systemic	
  inflamma<on	
  during	
  CPB,	
  
there	
  is	
  not	
  a	
  clearly	
  evidence	
  of	
  the	
  benefits	
  
of	
  nonpulsa<le	
  perfusion	
  over	
  pulsa<le	
  
perfusion	
  in	
  acute	
  or	
  chronic	
  seTngs.	
  




