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National Trends in the Utilization of 
Short-Term  Mechanical Circulatory Support (STCS)

From 2007 to 2011, use of percutaneous devices for short-term MCS increased by 
1,511% compared with a 101%  increase in non-percutaneous devices.

J Am Coll Cardiol 2014;64:1407–15
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Percutaneous Temporary Support Options

Impella RP Tandem Heart-Protek-Duo 

LV Support

RV Support



Surgical  Temporary Mechanical Support Options  

Thoratec PVADAbiomed AB 5000 Centrimag

Sternotomy  

Central  ECMO



Goals of use TMCS in CS  
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• Circulatory Support  

• Ventricular Support 

• Coronary Perfusion 

• Provide Time: to define treatment 
strategy



Temporary Devices Available and Characteristics 

TandemHeart
LVAD –RVAD 

Impella 2.5-
3.5 CP / RP

ECMO Impella 5.0 Temp.VAD
Surgical.
(Centrimag)

Bedside 
Implantation

No No Yes
(No in CC)

No No

Flow l/min 3-3.5 2.5-3.5 3-6 4-5 4-6

LV Unloading Yes Yes Partially***
(YES in CC)

Yes Yes

RV support No No Yes No Yes

Pulmonary 
support

No No Yes No no

Duration of 
support

Days-weeks? Days-weeks? < 2 weeks Weeks Months

Insertion Percut. Percut. Percut. Graft Stern.

Cannula Size 17-21 Fr LVAD
29-31 Fr  RVAD 

9 Fr ,12-14F 
Sheath

22FR RP

15 Fr Arterial
22-25 Fr Ven.

9Fr, 21Fr
Sheath

YES* YES** YES**

* TH-Protek –Duo  ** Impella RP *** Peripheral ECMO 





SHOCK-II 
(NEJM 2012)

VA ECMO : “Perfect storm” of timing and technology 

IMPRESS 
(JACC 2016)

Improvement in technology 



Expanding indications for VA-ECMO,
supported by observational data, case series

Cardiac
• ECPR*
• Post-cardiotomy
• Myocarditis 
• AMI, bridge to PCI, cardiac 

surgery
• High-risk EP ablations 
• Pulmonary vascular
• Bridge to LVAD, in 

combination with LVAD, OHTx
transplant  

Critical Illness 
• Overdose
• Trauma 
• Septic shock 
• Peri-partum complications, support 

to term delivery 
• Organ donation after cardiac death

Chen, Lancet 2008; Kagawa, Circulation 2012; Arlt, Eur J Cardiothorac Surg 2012; Haneya, 
Eur J Cardiothorac Surg 2012; Haneya, Perfusion 2012; Magliocca, J Trauma 2005



ECMO for Treatment of Cardiogenic Shock
and Cardiac Arrest: A Meta-Analysis of 1,866 Adult Patients

Cheng et al . Ann Thorac Surg 2014;97:610–6

• Survival to D/C 25-65%   
• Need of a durable VAD 5-35% 
• Bridge to Heart TX 4-21%

Cohort studies!



• Cardiac arrest in acute reversible diseases* (referenced from the 2015 AHA guidelines) 
*Inclusion criteria for Extra-corporeal cardiopulmonary resuscitation (ECPR): acute 
reversible disease (intoxication, hypothermia) and pathology correctable by angioplasty, 
surgery or transplantation 
 Age < 75 with cardiac arrest 
 Cardiac arrest/CPR with less than 60 min of resuscitation with high quality CPR 
 Witnessed arrest in patients who have not had ROSC within 20 min of CPR 
 No flow cardiac arrest less than 5 min 
 EtCO2 more than 10 mmHg after 20 min of CPR 

Veno–Arterial (VA) ECMO for ECPR

Disseminated malignancy (<1y. survival)

Known severe brain injury, e.g. traumatic brain injury with bleed

Unrepaired aortic dissection

Severe aortic regurgitation

Severe chronic organ dysfunction (emphysema, cirrhosis, renal failure)

Compliance (financial, cognitive, psychiatric, or social )

• Do not forget standard ECMO Contraindications 



Cannulation Strategies for VA ECMO

Makdisi G, Wang I.  J Thoracic Dis. 2015

Femoral – Femoral Axillary – Femoral            Carotid – Femoral Central AO-RA

• Rapid initiation 
of support            

• Reduces risk of cerebral hypoxia
• Advantages in patients with PAD

• Pediatric application
•Frequently used in 
post-cardiotomy failure
•Superior Drainage 



VA ECMO Distal  Perfusion  to Minimize Vascular Complications. 

Distal LE perfusion decreases 
vascular complications

15-19 Fr

25-29 Fr

8Fr

Artificial Organs 2014, 38(11):940–944

The incidences of limb ischemia and limb 
ischemia requiring surgical intervention were 
significantly higher for the introducer sheath 
compared with the cannula (30.6 vs. 15.6% and 
15.4 vs. 6.25%, respectively).

EVCs result in higher 30-day mortality, more 
frequent withdrawal of care, and shortened 
survival time relative

J Vasc Surg 2014;59:1622-7



Hemodynamic Effects of  Peripheral VA-ECMO

Burkhoff et al. J Am Coll Cardiol 2015;66:2663–74

Increased 
afterload reduces 
native CO and 
causes increase in 
LVEDP and LVEDV



Consequences of Inadequate LV Unloading During VA-ECMO

Inadequate residual native cardiac output leads to: 
 Stagnant areas of blood flow in the left ventricle

• Risk of LV thrombus
• Impair ability to recover if LV full of thrombus

 Stagnant areas of blood flow in the aortic root and 
ascending aorta

• Aortic root thrombus 
 LV distension and pulmonary hypertension

• Risk of pulmonary hemorrhage



Concomitant implantation of Impella® on top of veno-arterial extracorporeal membrane 
oxygenation may improve survival of patients with cardiogenic shock.

Pappalardo et al European Journal of Heart Failure (2016) doi:10.1002/

Concomitant treatment with VA-ECMO and Impella may improve outcome in 
patients with cardiogenic shock compared with VA-ECMO only.

Prospective match cohort



Left Ventricular Unloading by Impella Device
Versus Surgical Vent During Extracorporeal Life Support

STS/EACTS Latin America Cardiovascular Surgery Conference 2017 18

PVAD use in ECLS patients is an effective means of LV unloading 
and preventing worsened pulmonary edema, with outcomes and 
complications that are comparable to surgical LV vent.

Ann Thorac Surg 2017;104:861–7)



Other Devices:

• Impella
• Tandem Heart
• Centrimag



Tandem Heart

Percutaneous left ventricular assist devices vs. IABP for treatment of 
cardiogenic shock: a meta-analysis of controlled trials

Impella 2.5

Cheng et al. European Heart Journal 2009l doi:10.1093



IMPRESS- IAB vs Impella CP for Shock

Zeymer and Thiele. JACC Jan 2017. p 288-290

• Multicenter, open label, randomized, N= 48
• IABP vs Impella CP, 1:1 randomization
• STEMI with immediate PCI
• CS as defined by SBP < 90 for 30 minutes or requirement 
• for inotropes / pressors to maintain SBP > 90
• ALL Pts were VENTILATOR dependent to be enrolled!



IMPELLA 5.0 vs ECMO

38% Mortality
30 days with
Impella 5.0

44% Mortality
30 days with
ECMO 

Lamarche, JTCVS 2011,142:60-5



Temporary Left Ventricular Assist Device Through an Axillary Access is a 
Promising Approach to Improve Outcomes in Refractory Cardiogenic Shock 

5 BT LVAD and 4 Recovery

ASAIO J. 2015 ; 61(3): 253–258. 

67% pts. were mobilized 
73% extubated



When longer support is needed: CentriMag® in Cardiogenic Shock



Bridge-to-Decision Therapy With a Continuous-Flow External Ventricular Assist 
Device in Refractory Cardiogenic Shock of Various Causes

25 Circ Heart Fail. 2014;7:799-806

143 pts (148 Cmag)
70.6% Intermacs 1

69%
49%



PENN Cardiogenic Shock: Device Selection 

Early Cardiogenic Shock

IABP

Progression/Advanced Shock  

LVDx RVDxBiVDx

VA ECMO(p)

Centrimag
LVAD  

Impella 5.0sc

TandemHeart

TandemHeart
RVAD (p)

Centrimag
Bivad

Stable
Refractory Shock 
Shock or V.Arr.
ECPR
CS + Hypoxemia 

VA ECMO(p)

Centrimag
RVAD  

Impella RP
(not available)

Poor vasc access, 
inadequate flow 

Poor vasc
access

Consider if
prolonged support

ECMOp and poor LV unload: 
add IMPELLA CP, Direct LV 
cannula or Central VA 

Prolonged 
Support

Percutaneous 
BIVAD Imp -TH

• Myocardial recovery

• Durable LVAD

• Heart Transplant 

Unstable



Summary
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 TMCS are increasingly used as a bridge to decision in patients with CS . 

 The technical simplicity and lack of definite guidelines has favored the use of 
percutaneous technologies, without evidence supporting their superiority over 
IABP with the exception of ECMO.

 Limitations of flow and/or LV unloading of percutaneous TCS leads frequently to 
the need to combine devices with the potential to increase vascular complications 
and hemolysis. 

 Surgically implanted devices are still a useful strategy as they can provide stable 
support with adequate flow and LV unloading.  

 The indications and selection of support is critical and their use should be directed 
by an experienced  team (Shock Team)  capable of defining the correct candidate 
and destination alternatives, but also with the experience to identify futile support . 
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