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Objectives

• To provide an overview of the wide array of percutaneous mechanical circulatory 
support devices available to treat acute cardiogenic shock

• Understand the contraindications and complications of each mechanical circulatory 
support device
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Cardiogenic shock

• End organ dysfunction due to inadequate cardiac 
output secondary to right, left, or biventricular 
dysfunction.  

J Am Heart Assoc. 2019 Apr 16;8(8):e011991.
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Classification

Catheter Cardiovasc Interv. 2019;94:29–37.



7

Etiologies

• AMI without mechanical 
complications complicated by CS

• Acute or acute-on-chronic LV or 
biventricular failure complicated by CS

• Peripartum cardiomyopathy
• Takotsubo/stress-induced 

cardiomyopathy
• Cardiac allograft failure/rejection
• Acute myocarditis

• Post-cardiotomy
• Hypertrophic cardiomyopathy with 

severe outflow tract obstruction
• Acute RV failure complicated by CS
• Post-LVAD implantation
• Post-transplantation
• Pulmonary embolism
• Refractory arrhythmias
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Shock Team 

• Multidisciplinary, collaborative team that considers issues specific to cardiogenic 
shock, including selection, implantation, and management of mechanical circulatory 
support (MCS) devices.
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Circulation. 2017;136:e232–e268.
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Temporal trends of MCS use
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What is the evidence?

Despite widespread use of mechanical circulatory support (MCS) in 
cardiogenic shock, high-quality randomized controlled trials (RCTs) 
demonstrating a clear survival benefit remain limited
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Purpose of temporary 
MCS

• To promote ventricular unloading as 
well as restore systemic perfusion to 
maintain end-organ function and 
patient viability

• Bridge patient to reach end destination 
• Recovery
• Transplant
• Durable VAD
• Decision
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Temporary 
mechanical 
circulatory 

support

ECMO

TandemHeart

Impella
Intra-Aortic 

Balloon 
Pump

RV assist 
devices
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Intra-aortic balloon pump

• Placed percutaneously via the femoral artery, balloon 
position in descending aorta.

• It uses counterpulsation -  inflation of balloon during 
diastole and active deflation of balloon in systole. 

• Inflation causes blood to be displaced into the proximal aorta during 
diastole.

• Afterload is reduced during systole through rapid balloon deflation 
(vacuum effect)

• Increases coronary artery blood flow
• Reduces LV afterload
• Decreases myocardial oxygen demand and increases 

myocardial oxygen supply
• Relatively modest increase in cardiac output

Circ Cardiovasc Interv. 2017 May;10(5):e004337
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Contraindications

• Significant aortic regurgitation
• Aortic dissection
• Severe PAD
• Uncontrolled bleeding
• Septic shock

Complications

• Limb ischemia
• Major bleeding
• Other ischemia

• Spinal cord
• Renal
• Mesenteric
• Stroke
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• The IABP-SHOCK II
• Primary outcome: 30-day mortality 

• 39.7% in the IABP group vs. 41.3% in the optimal medical therapy group
• Relative risk [RR], 0.96; 95% CI, 0.79–1.17; P=0.69

• No difference in: 
• Time to hemodynamic stabilization
• ICU LOS
• Adverse events (eg, bleeding, stroke, peripheral ischemic complications requiring intervention, or 

infection).
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Impella

• Catheter based axial flow pump that is 
placed percutaneously via femoral 
artery or surgically via axillary artery. 

• Inflow is positioned retrograde across 
aortic valve in the left ventricle. 

• The axial flow pump draws blood from 
left ventricle and ejects into aorta

• Directly delivers blood to the aorta
• Decreases left ventricular size, pressure, 

and wall tension
• Decreases oxygen consumption

Ann Transl Med. 2020 Jul;8(13):829.
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Contraindications

• LV thrombus
• Mechanical aortic valve
• Severe peripheral arterial disease
• Ventricular septal defect

Complications

• Device migration
• Device malfunction due to thrombosis
• Hemolysis
• Bleeding requiring transfusion
• Arrhythmias 
• Limb ischemia 
• Tamponade
• Aortic or mitral valve injury
• Stroke
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Evidence

J Cardiothorac Vasc Anesth. 2025 Apr;39(4):1049-1066
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• Who? Cardiogenic shock post STEMI
• SBP < 100 mm Hg or an ongoing need for vasopressor support
• Lactate > 2.5 mmol/L
• LVEF < 45%

• Results:
• Mortality was lower with the use of impella vs. standard care alone
• More complications:

‒ A composite safety end-point event (severe bleeding, limb ischemia, hemolysis, 
device failure, or worsening of aortic regurgitation) occurred more often in impella 
group than in the standard-care group. 

‒ Renal-replacement therapy was more with impella vs. standard care.
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TandemHeart

• Percutaneous device with continuous 
flow centrifugal.

• Inflow cannula placed into left atrium (LA) 
via femoral vein and then transseptal 
puncture.

• Outflow cannula placed in ilio/femoral 
artery

• Blood is withdrawn from the LA and then 
returned in a retrograde fashion to the 
aorta via the femoral artery

Ann Transl Med. 2020 Jul;8(13):829.
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Hemodynamics

• Increases cardiac output and mean arterial pressure and 
• Decreases cardiac filling pressure by venting the left atrium
• Increases LV afterload from retrograde blood flow up the aorta
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Contraindications

• Severe peripheral arterial disease
• Severe bleeding inability to tolerate 

anticoagulation 
• Severe RV failure

Complications

• Device malfunction due to thrombosis
• Hemolysis
• Bleeding requiring transfusion
• Limb ischemia 
• Cardiac tamponade
• Stroke
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Peripheral VA-ECMO

• Centrifugal pump
• Drainage cannula in IVC via femoral vein
• Return cannula in femoral artery 
• Deoxygenated blood is drained from RA/IVC 

and returned in a retrograde fashion via the 
femoral artery

• Bypasses heart and lungs to give partial 
support for both

Clin Chest Med 2015; 36:373–384
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Hemodynamics

• Unloads RV, by draining blood from systemic venous system
• Provides systemic perfusion with increase in MAP
• Retrograde flow up aorta increases left ventricular afterload 

• Can prevent left ventricular ejection -> leading to stasis and thrombosis within the cardiac chambers
• Increased left ventricular end-diastolic pressure -> pulmonary edema
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Increased afterload 
for the failing LV

Backup of pressure 
to LA

Poor ejection blood, 
loss pulsatility

Stasis in LV

Retrograde flow in 
the return cannula

LA

LV

aorta



27



28

ImpellaTM  provides 
anterograde flow and offloads 
the LV, decreasing EDP 

Illustration by Christian Grant

“ECPELLA”
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Contraindications

• Significant baseline comorbidities (end 
stage cardiopulmonary disease and 
not a transplant or VAD candidate, 
ESRD, ESLD)  

• Aortic dissection
• Severe aortic regurgitation
• Unwitnessed or prolonged cardiac 

arrest
• Severe bleeding inability to tolerate 

anticoagulation 

Complications

• Bleeding
• Thrombosis
• Hemolysis
• Stroke
• AKI
• Infection
• Tamponade
• Circuit-related complications
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There are no adequately powered RCT’s that support the use of ECMO in patients 
with cardiogenic shock. 
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• Who? AMI associated cardiogenic shock 
• SBP < 90 mm Hg for more than 30 minutes  
• On catecholamines to maintain SBP > 90 mm Hg
• Lactate > 3 mmol/L
• Signs of impaired organ perfusion with at least one: 
‒ altered mental status, 
‒ cold or clammy skin and limbs 
‒ urine output of less than 30 ml/hr

• Results:
• No difference in 30-day mortality 
• Complications:
‒ Moderate or severe bleeding and peripheral ischemic 

vascular complications warranting surgical or 
interventional therapy occurred more often in the 
ECLS group.
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Right Ventricular Assist Devices 

Impella RP Protek-Duo

AACN Adv Crit Care. 2020 Mar 15;31(1):49-56.

• Percutaneously placed via the 
internal jugular vein or femoral vein

• Draws blood from the right atrium 
and ejects into the pulmonary artery

• Commonly used scenarios: RV AMI, 
RV failure post-cardiotomy, RV failure 
post LVAD placement, RV failure post 
heart transplant
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Combes A, Price S, Slutsky AS, Brodie D. Lancet. 2020 Jul 18;396(10245):199-212.
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Curr Opin Cardiol 2021, 36:375–383



35J Am Coll Cardiol. 2025 Apr 29;85(16):1618-1641.
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Summary

• Temporary percutaneous mechanical circulatory assist devices improve 
hemodynamics by supporting the failing LV and or RV.

• Despite improvement in hemodynamic parameters large RCT data do not exist that 
demonstrate a survival benefit in cardiogenic shock

• These devices include: IABP, Impella, TandemHeart, peripheral VA-ECMO, Protek-
Duo, Impella RP

• Common complications include severe bleeding, limb ischemia, hemolysis, stroke and 
device specific complications.
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MOC REFLECTIVE STATEMENT (BRIEF TAKE HOME 
NOTES FOR REFERENCE)

• Temporary percutaneous mechanical circulatory assist devices improve 
hemodynamics by supporting the failing LV and or RV.

• Despite improvement in hemodynamic parameters large RCT data do not exist 
that demonstrate a survival benefit in cardiogenic shock

• These devices include: IABP, Impella, peripheral VA-ECMO, Protek-Duo, Impella 
RP flex

• Common complications include severe bleeding, limb ischemia, hemolysis, stroke 
and device specific complications.
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Question

• A 50 y.o. male was admitted to the ICU with the diagnosis of viral myocarditis. He was 
treated with inotropes and vasopressors to target a mean arterial pressure of 65 mm Hg.  
Despite these interventions he had a cardiac index of 1.5 l/min/m2 and a lactic acid level of 
5.5 mmol/L.  His urine output started to trend down to less than 10 cc/hour despite 
appropriate dose of diuretics.   He had an echocardiogram performed that demonstrated 
severe biventricular dysfunction.  The shock team was activated, and decision was made to 
place the patient on temporary mechanical circulatory support.  Which of the following is the 
most appropriate form of support for this patient?

• A. VA-ECMO
• B. Impella CP
• C. Impella RP Flex
• D. Intra-aortic balloon pump
• E. Protek-Duo
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Answer Explanation 

• Answer A is correct because it is the only form of MCS listed that provides 
biventricular support.  

• Impella 2.5 and IABP only provide LV support.  The Impella RP and Protek-Duo only 
provide RV support.
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Question

• A 65 y/o M with an anterior STEMI is taken emergently to the cardiac catheterization 
lab.  In the catheterization lab, the patient is successfully revascularized but develops 
hypotension. A PA catheter is placed, and hemodynamic measurements are 
consistent with cardiogenic shock.  The decision is made to place an intra-aortic 
balloon pump (IABP). Which following statements regarding IABP is correct? 

• A. There is strong evidence from randomized control trials that demonstrate IABP use 
in cardiogenic shock due to acute myocardial infarction leads to decreased mortality. 

• B. IABP provides up to 5 L/min of cardiac output support.
• C. IABP Increases coronary artery blood flow and reduces LV afterload
• D. IABP is safe to use in patients with aortic dissections. 
• E. IABP mechanism of action is via a centrifugal pump. 



42

Answer Explanation

• Answer C is correct. The IABP inflates during diastole displacing blood into the 
proximal aorta which increased coronary blood flow and deflates in systole which 
decreases LV afterload.

• There is no RCT evidence to support the use of IABP in cardiogenic shock secondary 
to acute MI.  

• IABP does not lead to a considerable increase in cardiac ouput.  
• Aortic dissection is a contraindication for IABP use. 
• IABP functions via conterpulsation not a centrifugal pump.
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