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Mechanical Assists available 
• Short term (Centrifugal pumps) 

– LVAD  

– RVAD 

– BiVAD 

– ECLS (ECMO) 

• Long term 

– Pulsatile (Thoratec PVAD, Syncardia TAH) 

– Axial flow (HeartMate II) 

– Centrifugal (HeartWare) 

 



CentriMag 

 The Levitronix® CentriMag VAS is designed 
to provide temporary support for patients 
suffering potentially reversible cardiogenic 

shock.  

 FDA approved for up to 30 days of use. 



Cannulation 



J Thorac Cardiovasc Surg 2011;141:932-9  



Tandem Heart 

 The Tandem Heart is inserted 
percutaneously  transeptal.  

   It provides temporary support for 
patients suffering potentially 
reversible cardiogenic shock.  

It is intended to be used up to 7 days 



• IABP = 20 

• Tandem Heart = 21 



Impella 

 The Impella 2.5 is inserted percutaneously The 
Impella 5 is inserted surgically 

   Both provide temporary support for patients 
suffering potentially reversible cardiogenic shock.  

It is intended to be used up to 7 days 



• At 30 days - alive 

– 6/23 (26%) Impella 2.5 

– 6/12 (50%) Impella 5 



• At 30 days - alive 

– 11/29 (38%) Impella 5 

– 13/32 (41%) ECLS 

 



• Modified mobile cardiopulmonary bypass  
– Easy to insert 
– Fast 
– Bed side 
– Both circulatory and respiratory support 

However 
– Does not unload LV (afterload increased) 
– Patient is relatively immobilized 

ECLS (ECMO) 



VA ECMO 



Lazzeri C et al. European Heart Journal: Acute 

Cardiovascular Care 2013;2048872613484687 

 ECMO No CPR ~ 40%-60% 

 

ECPR survival to discharge ~ 20% 

ECMO and CPR 



Patients Need to be referred Early, 
before irreversible End Organ 

Failure Exist  





NUMBER OF HEART TRANSPLANTS 
BY YEAR AND LOCATION 
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NOTE: This figure includes only the heart transplants 

that are reported to the ISHLT Transplant Registry. As 

such, the presented data may not mirror the changes in 

the number of heart transplants performed worldwide . ISHLT 2012 
J Heart Lung Transplant.  2012 Oct; 31(10): 1045-1095 



When is medical therapy not 
enough?   

 



Episodes of Acute Exacerbation 
of Heart Failure 

Progression of HF is often quite difficult to predict. 

Progression may occur quickly. 

Eventually, Patients may not  be viable candidates for  advanced Treatment. 

  



Timing of VAD 

Conservative 

therapy 

VAD 

therapy 

Too early Too late Window of opportunity 



Medical therapy of heart failure 
Slow disease progression 

Pacemakers in HF 
Delay disease progression 

But:     NEVER  CURE!!! 
 



Thoratec®:   
Paracorporeal VAD 

Syncardia 

Total Artificial Heart 

Pulsatile Devices 



Continuous Flow Devices 

• Adequate end organ perfusion in normal 
blood flow 

 



Axial Flow Pumps 

• magnetically suspended 

• Small 

• Silent 

• Valveless 

• 7,000-12,000 RPM 

• Afterload dependent 

• Can deliver up to 10 lit/min 

 

HeartMate II 



Centrifugal Pumps 
HeartWare 

• magnetically levitated 

• Small 

• Silent 

• Valveless 

• 2,000-3,000 RPM 

• Afterload dependent 

• Can deliver up to 10 lit/min 

 





Intended Use 

Bridge to 

transplant 

Bridge to 

recovery 

Long term 

therapy 

Bridge to 

decision 



Bridge to Transplantation 

• Was the initiative to those devices 

• Most require LVAD only 

• About 10% will require additional RVAD 



Bridge to Recovery 

• Currently unpredictable results 

• It is yet to be discovered who are the patients 
that will recover and will not fail shortly after 
removal of device 



Long Term Therapy 

• Lack of donors and successful long term 
support as bridge, opened a new era 

 

 

 



REMATCH study 
FCHreatment of Tssistance for the Aechanical Mvaluation of Eandomized R 

• 129 patients (68 – LVAS, 61 – optimal medical) 

• Mean age: 66 ± 9 years 

• 48% reduction in risk of death 

• 1 year survival: 52% vs. 25% 

• 2 year survival: 23% vs. 8% 

• Improved quality of life at 1 year  
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Improved Survival in LVAD Trials 



INTERMACS Report 2013 
HeartMate II Continuous Flow LVAD 

Kirklin, Naftel, Kormos et al JHLT 2013;2:141-56 



ADULT HEART TRANSPLANTS 
Kaplan-Meier Survival by Age Group 

(Transplants: January 1982 - June 2010) 
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statistically significant at p < 0.01 
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ISHLT 2012 
J Heart Lung Transplant.  2012 Oct; 31(10): 1045-1095 



INTERMACS Profiles 
 HMII BTT Post-Approval Study 

 
Baseline INTERMACS Profiles 

Profile Description

1 Critical cardiogenic shock

2 Progressive decline

3 Stable, but inotrope dependant

4 Recurrent advanced heart failure

5 Exertion tolerant

6 Exertion limited

7 Advanced NYHA III

INTERMACS HeartMate II

Profile (n=169)

1 41 (24%)

2 63 (37%)

3 33 (20%)

4 21 (12%)

5-7 11 (7%)

61% of patients in the study were in 

profile 1 or 2. 

Starling , Naka, Boyle et al J  Am Coll Cardiol  2011;57;1890-1898 



INTERMACS Profiles 
 



JHLT 2013;2:141-56 

Independent risk factors for failure 



Heart Failure Related Quality of Life 
Kansas City Cardiomyopathy 

Questionnaire 
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Early Trial (N=133) 

Mid Trial (N=281) 

Pts Tested: 

115            89            86                           76                            62                            56 

245            201         187                         160                         128                            76 

P<0.001 over time 

P=0.063 between groups 

Park S et al Circ-HF Jan 2012 



Adverse Events – INTERMACS 



The Most Difficult Group 

• Ambulatory patients with advanced heart 
failure (INTERMACS profile 4-7)  

• Factors known to be associated with 
worsening prognosis should be taken into 
account. 

• Risk models need to be developed 



Advanced Heart Failure:  
Prognostic markers 

Clinical markers predicting poor outcome: 

– Inability to walk one block without shortness of breath. 

– HF related hospitalizations in past 6 months. 

– Diuretic dose > 1.5 mg/kg/d. 

– Serum sodium < 136 mmol/L. 

– BUN>40 mg/dL or creatinine >1.8mg/DL. 





HF and Rehospitalizations 

J Am Coll Cardiol 2013;61:1209–21 



Estimated Survival on LVAD Support 
HeartMate II Risk Score 

Multivariable Risk Factors 

For Death after LVAD implant 

Hazards Ratio

0.0 0.5 1.0 1.5 2.0 2.5 3.0

LVAD Center Volume >=15 

Implant after May 2007

Albumin

Age, per 10 years

Creatinine

INR

†
HR 0.52

HR 0.67

HR 0.71 per mg/dL

HR 1.3 per 10 yrs

HR 1.4 per mg/dl

HR 1.9 per sec

Months

0 6 12 18 24

P
e
rc

e
n

t 
o

f 
P

a
ti

e
n

ts
0

10

20

30

40

50

60

70

80

90

100
Low Risk (N=168)

Medium Risk (N=206)

High Risk (N=194)

P (log-rank) < 0.001

Derivation Cohort

At Risk:

168
206
194

125
147
107

82
108
82

57
67
54

45
44
43

Percent Survival by Risk Group 

84% at 

2 yr 

Cowger et al, J Am Coll Cardiol. 2013;61(3):313-321 



Suggested Algorithm  

J Am Coll Cardiol 2013;61:1209–21  Miller and Guglin: 



Timing of VAD 

Conservative 

therapy 

VAD 

therapy 

Too early Too late Window of opportunity 

Better “too” early than too late ! 

- Stable, but inotrope dependent 

- Recurrent advanced heart failure 


