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LVAD strategies 

Bridge to transplant   Yes         To keep pts alive up to HTx
  
Bridge to candidacy            Not yet                 To treat high PVR 
 
Bridge to decision          Unknown     To keep pts alive for evaluation  
 
Destination therapy      No     Definitive therapy 
 
Bridge to recovery            Not yet       To allow myocardial recovery 

In                           
waiting list? Goal 
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Why 
BTT? 



Heart transplant: a scarce resource 



- 121 HTx (- 34%) 

HTx in Italy: an even scarcer resource 

Mortality in 
waiting list: ≅ 10% 
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Risks                       
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Quality                      
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Who? 



Contraindications to LVAD 

Ineligible for LVAD 
• Right ventricular failure (CVP/PCWP ratio > 0.63) 

• Hypertrophic/restrictive cardiomyopathy 

• Very small BSA (< 1,5 m2) 

• Moderate or severe aortic regurgitation 

• Mechanical valve prosthesis 

• Contraindications to chronic multiple antithrombotic therapy 

• Patient refusal of device 

 



Minimal preimplant goals 

J Heart Lung Transplant 2010 



Longer waiting time in list 

Risk factors 
• Group O 

• Large body size 

• Hyperimmunization 

• Pulmonary  hypertension (undersized donor undesiderable) 

 



Hussey JC, J Heart Lung Transplant 2007 

National Transplant Database – UK 

• 622 HTx 

• Period: 1999-2003 

• A and AB transplanted sooner 

• No difference in mortality in waiting list 
between groups 

43% 
42% 
11% 
  4% 



≥ 80 Kg 

< 80 Kg 

Zielinski T, Transplant Proceedings 2009 

Recipient weight and chance of HTx 
Transplant Registry – Poland 

• 658 HTx 

• Period: 2003-2007 

• < 80 Kg transplanted sooner 



Yang JA, ISHLT Annual Meeting 2013 



Impending deterioration and death                            
on waiting list 

 
 
Clinical data    Laboratory data 
• Male sex 
• Advanced age 
• > 1 rehospitalization in past 6 mo 
• III or IV NYHA class  
• Weight loss 
• Intolerance to neurohormonal antagonists 
• Increased diuretic requirement 
• Hypotension 
• Failed CRT 
• Inotrope dependence 

AHA Recommendations, Circulation 2012 

Prognostic determinants 

• Hyponatremia 
• Renal insufficiency (BUN/serum creatinine) 
• Hepatic insufficiency 
• Increased filling pressures  
• Increased pulmonary vascular resistance 
• Low peak VO2 (12–14 mL  kg1  min1) 
• Low 6-min walk test distance (<300 m) 



HFSS SHFM 

Predictive models: HFSS & SHFM 

Goda A, J Heart Lung Transplant 2011 



Among 5 externally validated prediction models,                    
HFSS and SHFM models demonstrated 

modest discriminative capacity                                                     
and questionable calibration. 

Califf RM & Alba AC, Circ Heart Fail 2013 



When? 



Stewart and Stevenson, Circulation 2011 

Waiting for 
REVIVE-IT 

Trial 

INTERMACS levels 
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1 
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Too late 
Excess of 
mortality Too early 

CONTEMPORARY 
INDICATION 

CRITERIA 



704 emergency HTx – Spain 
Period: 2000 - 2009 

Barge-Caballero E, Circ Heart Fail 2013 

HTx in-hosp mortality 
 

Level 1  43% 
Level 2  27% 
Level 3-4 18% 

… post-HTx  outcomes                
in patients with 
INTERMACS profiles 1 
and 2 were not 
satisfactory 



704 emergency HTx – Spain 
Period: 2000 - 2009 

Barge-Caballero E, Circ Heart Fail 2013 

HTx in-hosp mortality 
 

Level 1  43% 
Level 2  27% 
Level 3-4 18% 

VAD in-hosp mortality 
INTERMACS data 2013 
 

Level 1  15% 
Level 2  10% 
Level 3-4 7% 



Attisani M, Interact Cardiovasc Thorac Surg 2012 

HTx group 

VAD group 

49 emergency HTx – Torino 
INTERMACS 1 & 2 

Period: 2000 - 2009 

Improved outcomes may justify the use of 
mechanical assistance devices as a bridge 
to candidacy or bridge to transplantation 
in INTERMACS 1 and 2 patients in order to 
avoid high-risk transplants 



Frigerio M, MD 



BTT vs emergency HTx 

• Better to BTT early, in INTERMACS levels 3-4  

• However, in INTERMACS levels 1-2 BTT seems to 
be at least non inferior to emergency HTx 

 prompt availability of LVAD 

 pump performance is predictable 

 waiting time for a donor is uncertain 

 quality of the donor heart is uncertain (not much choice…) 

 primary graft failure is the 1th cause of death following HTx 

 



Summary 

LVAD as bridge to transplant should be considered 

• in all the LVAD-eligible patients in the waiting list  

• early in stable patients (INTERMACS 3-4) with risk 

factors for longer waiting time for HTx 

• frequently re-evaluated in stable patients  showing 

signs of clinical deterioration 

• promptly in unstable patients (INTERMACS 1-2) 

 



Bridged to… 
what? 



Uriel N, J Heart Lung Transplant 2013 

Experience at Columbia Univ, NY 

Similar survival post-HTx                                        
between BTT and non-BTT 
 no detrimental effect of 2nd 
operation 





BTT                            
HM XVE - 2001 
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BTT HM II - 2007 

BTT                            
HM XVE - 2001 
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BTT and HTx: similar survival up to 18 months   
Then LVAD complication burden increases 

(infection & stroke) 



Continuous flow BTT and Status 2 waiting list: 
similar survival up to 2 years 



Kirklin JK, J Heart Lung Transplant 2012 

Bridge to Transplant 

Only 21%                          
in Italy… 

CNT Data 2010-12 

Different policies 
Highest HTx priority 
 

• US, if LVAD complicated               
+ 30dd “grace” period  
• Italy, only if LVAD 
complicated 



Kirklin JK, J Heart Lung Transplant 2012 

More than 20% 
still waiting… 

Bridge to Transplant 



Waiting time for HTx on LVAD 
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Follow-up results (52 patients) 

Mean LVAD support  440.5 ± 380.4 days (5 - 1286 days) 

Bridged to HTx   8  

Still on LVAD   32 (55.0%) 

Thromboembolism  0 

Major GI bleeding  2  

Intracranial hemorrhage  3 

Driveline infection  20  

Broken driveline   2   

LVAD malfunction  4  

LVAD replacement  3 

 

 

  
  

 

Intracorporeal LVAD                                       
Experience at Niguarda Hospital (2008-2013) 

Broken 
driveline 2 

Inflow 
cannula 

misalignment 
1 

LVAD 
infection 4 

Recurrent GI 
bleeding 1 

(2 LVAD failures in end-stage cancer) 



Conclusion: After utilizing the initial 30 
day 1A grace period, many LVAD BTT 
patients (particularly those with blood 
type 0) are unlikely to be transplanted 
in our procurement region unless they 
experience a device complication 
justifying upgrade of UNOS status to 1° 
  
 
As device technology improves and 
complication rates fall, many of these 
patients will have de facto destination 
therapy  

Nir Uriel; Sang-Woo Pak; Mauer Biscotti; Bartlomiej Kachniarz; 
Daniel Sims; Hiroo Takayama; Yoshifumi Naka; Donna Mancini; 
Ulrich P Jorde  
Columbia Univ, New York, NY  

 

Uriel N, AHA Scientif Sessions 2010 



Conclusions 

• BTT is still a compelling need because of chronic 

scarcity of donors 

• Technology improved dramatically BTT results, and  

they are now comparable to HTx up to 18 mo 

• BTT seems to be non-inferior, or even superior, to HTx 

in INTERMACS levels 1-2 

• In a significant number of patients BTT becomes                  

de facto permanent support  

 

 



The key-points for successful bridge to transplant are 

• to identify actively all the LVAD-eligible patients in the 

waiting list 

• to consider LVAD early in stable patients if long waiting 

time is likely 

• to re-evaluate frequently patients sliding on inotropes 

• to implant without further delay critical patients 

 

Conclusions 



LVAD nel mondo 

Survey CNT                  
2010-2012 
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Miller LW, Circulation 2013 

Device 
cost 
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