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● Incidence 2-6 % 

● 0.5-1.5 % refractory to 

inotropes and IABP

● ECMO, temporary LVADs, Impella

● Historically poor outcomes

● No randomized trials

● What can we do better?

Post Cardiotomy Shock (PCS)



Ideal Support Device in PCS

● Easy and rapid implementation

● Provide robust hemodynamic support 

● Provide biventricular and pulmonary support

● Safe to operate with low or no anticoagulation

● Allow ventricular recovery

● Easy to replace and explant

● Cost effective



Device Selection

● Etiology and severity of cardiogenic shock

● LV vs. RV or biventricular dysfunction

● Pulmonary edema and hypoxemia?

● Technology available at your institution

● Devices:
● VA ECMO
● CentriMag
● Impella



VA ECMO



VA ECMO

Abrams et al, J Am Coll Cardiol, 2014



ECMO Advantages

● Allows for minimally invasive

● Rapid bedside application

● Biventricular support

● Pulmonary support

● Low initial cost

● Transport capabilities



ECMO Advantages



ECMO Disadvantages

● Historically high complication rates

● Bleeding / thrombosis / stroke / sepsis / limb ischemia

● LV distension / thrombosis / impaired recovery

● Cerebral hypoxia

● Immobilization

● Labor intensive

● High cost with prolonged support

● Limited duration of support



ECMO Disadvantages

Burkhoff et al, J Am Coll Cardiol. 2015



LV Distension

● Reduce flow

● Inotropes

● Minimize vasoconstrictors

● Central cannulation

● LV vent insertion

● Impella / Tandem Heart

● LVAD conversion



ECMO Studies in PCS

Biancari et al, J Cardiothorac Vasc Anesth. 2018



Biancari et al, J Cardiothorac Vasc Anesth. 2018

ECMO Outcomes in PCS



Cheng et al, Ann Thorac Surg. 
2014

ECMO Outcomes in PCS



Cheng et al, Ann Thorac Surg. 
2014

ECMO Complications
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• Retrospective review from the Mayo Clinic of ECMO for PCCS in >70 y/o

• 45 patients VA-ECMO post op

– 21 patients (46.6%) died on ECMO

– In hospital mortality was 76%

• Poor outcomes were associated with pre-op A-fib, chronic renal injury, high lactate levels, 

elevated inflammatory markers, and high transfusion volumes
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SUMMARY: ECMO CLINICAL OUTCOMES

Brain

Neuro 

Complications

33% 22,24

Brain Death

18%4

Blood

Bleeding

21-50% 3,4,13

Kidney

Renal Failure

32-87% 2,25

Limb

Amputation

5-7% 12,4

Limb Ischemia

5-21%12,21

Heart/Lung

Heart Recovery

7-29% 4,25

Death

Mortality

47-79% 14,21,27

Mortality increases with duration of support (>2 days) and patient age (> 65)

Morbidity and mortality rates have not improved over time or 

with newer technology

Require LVAD or 

Transplant

5-52%4,26
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CentriMag™ Acute Circulatory Support System

2ND GENERATION SYSTEM: EQUIPMENT

BLOOD PUMP
• 31 mL 

• Disposable

• Centrifugal

• Fully Magnetically 
Levitated

MOTOR
• Each pump requires a 

separate motor

CONSOLE
• Each Console supports one 

CentriMag™ System

• Second console required for 
backup

• Interface to adjust pump, 
provides power to the 
motor and displays pump 
parameters 

MONITOR
• Optional component

• CentriMag values can 
be viewed and adjusted 
in one location

2nd Generation CentriMag™ System Operating Manual (US) 
© 2013 Thoratec – Document No PL-0047, Rev 07 (May 2017)
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CentriMag LVAD Characteristics

● Magnetically levitated centrifugal blood pump

● Low shear stress of blood components

● LVAD, RVAD or BiVAD

● Allows ECMO (oxygenator)

● Flows up to 10 L/min

● Optimal LV decompression

● Offers longer duration of support

● Bridge to recovery, transplant or long term device



CentriMag LVAD



CentriMag LVAD Disadvantages

● Invasive surgical technique

● Higher incidence of bleeding

● No pulmonary support

● Thromboembolic complications

● Immobilization

● Higher initial cost than ECMO

● May select patients with no exit strategy



CentriMag LVAD Outcomes

Takayama et al, Circ Heart Fail. 2014



CentriMag LVAD Outcomes

Takayama et al, Circ Heart Fail. 2014



CentriMag LVAD Outcomes

Takayama et al, Circ Heart Fail. 2014



Impella Devices
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RETROGRADE PERFUSION DURING ECMO

• Note pigtail via axillary artery in ascending aorta

• Dye injected into ascending aorta is static

• Aortic valve opening very little

• Note flow coming up from below from ECMO

• Finally, note the dye entering the innominate artery 

supplying the brain

• If all the dye containing blood was deoxygenated,

the heart and brain would be at risk
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LV VENTING: IMPELLA
® 

+ ECMO

Courtesy of Navin Kapur, MD

VA-ECMO with CP
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↑ Afterload

↑ Preload

Pressure-Volume

AoP and LVP

↑ AoP

↑ LVP

Energetics of ECMO – LV Loading
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Coronary   

Flow

Microvascular

Resistance

HEMODYNAMIC EFFECTS OF ECMO

Cardiac Power Output

AOPFlow

Hemodynamic Protection

EDV, EDP

O2 Demand

Loads the Heart

O2 Supply

Mechanical     

Work

Wall

Tension
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Simultaneous Impella
®

+ ECMO Unloading

↑ Afterload

↑ Preload

Pressure-Volume

AoP

LVP
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• Retrospective review from UH Cleveland of 66 ECMO patients

• 30 ECMO+Impella® and 36 VA-ECMO

• Demonstrated benefits of ECMO+Impella vs VA-ECMO

• Survival – 43% vs 22% (p=0.02)

• Survival – HR 0.52 (0.29-0.93); p=0.027

• Suggests a 50% mortality reduction with ECMO+Impella 

• More ECMO+Impella patients wean than VA-ECMO (70% VS 44%; 

p = 0.048)

• Heart recovery - 40% vs 22% Maximal inotropic score after day 1 was 

higher in VA-ECMO 

• No differences in major complication rates including hemolysis
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IMPROVED SURVIVAL WITH IMPELLA
®

+ ECMO

26%

22%

52%

43%
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Pappalardo Patel

V-A ECMO Impella + ECMO

n=63 n=66

p=0.04

1 2

p = 0.02

1. Pappalardo F, Schulte C, Pieri M, et.al. Concomitant implantation of Impella on top of veno-arterial extracorporeal Membrane oxygenation may improve survival of patients with cardiogenic shock. European Journal of Heart Failure (2017) 19, 404-412

2. Patel S, Lipinski J, Al-Kindi S et.al. Simultaneous Venoarterial Extracorporeal Membrane Oxygenation and Percutaneous Left Ventricular Decompression Therapy with Impella Is Associated with Improved Outcomes in Refractory Cardiogenic Shock. ASAIO 2018
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IMPELLA DEVICES
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Impella 5.0 Outcomes



Impella 5.0 Outcomes

Batsides et al, Innovations 2018 



Impella 5.0 Outcomes

Batsides et al, Innovations 2018 



Impella RP Outcomes



Impella RP Outcomes

Anderson et al, J Heart Lung Transplant. 2018



Conclusions

● Post Cardiotomy shock continues to be a major clinical challenge and is 

associated with high mortality risk

● There are no randomized trials to help us to elaborate guidelines 

● Inotropes and IABP are the first line of therapy but have limitations

● Mechanical circulatory support is necessary in patients with refractory 

post cardiotomy shock but is associated with high cost and complications

● ECMO is a preferred strategy at many centers but can be associated with 

significant complications and does not promote LV recovery

●



Conclusions

● CentriMag LVAD unloads the LV but requires implant and explant invasive 

techniques that can be associated with bleeding and trauma

● Impella 5.0 provides excellent hemodynamic support with direct 

unloading of the LV 

● Impella 5.0 can be inserted with less surgical trauma, allows for early 

mobilization and may be associated with lower incidence of complications

● LV unloading with minimally invasive techniques may play a significant 

role in LV recovery and ultimately patient survival


