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Discussion Aims 
• Discuss innovations in LVADs   

- Utilization trends  
- Current outcome  
- New device technology and treatment strategies 
- Importance of team approach and shared 

decision making in this patient population  
• Highlight the new allocation policy for heart 

transplant and clinical implications 
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1982-1991 (N=21,482)
1992-2001 (N=40,097)
2002-2008 (N=26,046)
2009-6/2016 (N=30,824)

Adult Heart Transplants 
Kaplan-Meier Survival by Era  

 

Median survival (years): 
1982-1991=8.6; 1992-2001=10.5; 2002-2008=12.4; 2009-6/2016=NA 

All pair-wise comparisons were 
significant at p < 0.0001. 

(Transplants: January 1982 – June 2016) 

2018 
JHLT. 2018 Oct; 37(10): 1155-1206 



Prevalence  
of Advanced  

HF 

Prevalence 
Of 

Advanced 
HF 

Heart 
Transplants 

100,000- 
~300,000 

~3,000 
available hearts 

Conceptual Model: 
Epidemiological Mismatch 

*Rich M. J Am Geriatric Soc. 1997;45:968–974. 
American Heart Association. 2001 Heart and Stroke Statistical Update. 2000.  



Heart Transplantation is Not the Answer for Many  



What about LVADs ? 



Pulsatile LVAD 1966 

First US implant 2000 axial  
Flow pump DeBakey Micromed 



FDA Approved Durable LVADs   

HM II HVAD HM3 

1. Larose JA et a. Design Concepts and principle of the operation of the Heartware system ASAIO 2015 
2. Mandeep R. Mehra  et al.  A Fully Mangetically Levitated Circulatory Pump for Advanced HF. NEJM 2017 

(Figures adopted) 
 



Survival: LVAD Outcomes Continue to Improve 



0

10

20

30

40

50

60

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

%
 o

f P
at

ie
nt

s 

Year of Transplant 

* LVAD, RVAD, TAH, ECMO 

Adult Heart Transplants 
 % of Patients Bridged with Mechanical Circulatory Support* 

 (Transplants: January 2005 – December 2016) 

2018 
JHLT. 2018 Oct; 37(10): 1155-1206 



Adult Heart Transplants 
 % of Patients Bridged with Mechanical Circulatory Support* by 

Year and Device Type 
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Nationwide Variability in CF-LVAD Use. 

Circ Heart Fail. 2018;11:e004586. DOI: 10.1161/CIRCHEARTFAILURE.117.004586 



Waitlist Outcomes by Bridging Strategy. 

Circ Heart Fail. 2018;11:e004586. DOI: 10.1161/CIRCHEARTFAILURE.117.004586 



Trend in CF-LVAD Use in the U.S. 

Am J Cardiol 2018;121:1214–1218 



Increased Utilizations of LVADS 

Kirklin et al. 6th INTERMACS Annual Report. JHLT 2014;33:555-564 



Patients May Not Qualify for Cardiac Transplant  

General Specific Relative 
Any condition limiting a 

successful transplant 
outcome 
 

Elevated pulmonary vascular 
resistance 
 
Active infection 

 
Shock with MOF 

 
Advanced renal or pulmonary 

disease 
 
Cross-match incompatibility 

 
Active psychiatric disease 

 
Substance abuse/smoking 

Age 
 
Peripheral vascular 

disease 
 
Malignancy 

 
Size/Obesity 

 
Diabetes with end organ 

damage 
 

Destination Therapy = Extended Support for Life 
Option for patients who may not qualify for cardiac transplantation 



Contemporary DT LVAD Implantation Criteria 

Destination Therapy 
•   LVEF ≤ 25% 
•   Peak VO2 < 14 ml/kg/min (or 50% age/sex 

predicted) 
•   And either 

• NYHA Class IIIb-IV symptoms despite 
optimal medical therapy for at least 45 of 
the prior 60 days, or 

•  Dependence on IV inotropes for ≥14 days, 
or 

•  Dependence on IABP for ≥ 7 days 
•   Not a transplant candidate 

 



Survival Associated with DT Has Improved   



3rd Annual IMACS Registry Report 



NEJM 2017 

Control HM II 
Study group HVAD 



Outcome Based on LVAD Type 
82% 

72% 

Goldstein et al. JHLT 2019 



Outcome Based on Device Strategy 
78% 

67% 

Goldstein et al. JHLT 2019 



Quality of Life is Improved After LVAD Placement 

Kirklin et al. 6th INTERMACS Annual Report. JHLT 2014;33:555-564 



Device Complications Decreasing Over Time 

Events/pt-year 

Jorde, Khushwaha, Tatooles, et al. JACC 2014. 

0.057 0.060 
0.070 

0.024 0.026 
0.031 

0.052 

0.027 

Hem Stroke Isc Stroke Pump 
Replacement 

Thrombus 

0.220 
0.090 

Bleeding 
Requiring 
Surgery 

0.470 

Device 
Related 
Infection 

0.230 Trial  PAS 





NEJM 2017 

Control HM II 
Study group HVAD 



HVAD HM II 



Supplemental 
Protocol 
 
-Mean BP < 85 
mmHg (cuff) or  
 Mean BP < 90 
mmHg (Doppler) 
 
-Patient daily BP 
monitoring  
 
-Patients instructed 
to report out of 
range values 
 

Reduction in Stroke Rate including a reduction in HCVA rates 

Medical Management is Key 







Published Work Related to the HM3 

























INTERMACS Profile and Outcome 
IM 1 73% 1 yr Survival 

IM 4-7 85% 1 yr Survival 

OMM  81% 1 yr Survival 

LVAD 82% 1 yr Survival 

Starling, Estep et al  
JACC HF 2017 

Goldstein et al. JHLT 2019 



Advanced Heart Failure and Durable LVADs 

Revival  



Enhanced Shared Decision Making with the Patient 



Larry Allen et al. JAMA 2018 

2 Published LVAD Decision Aids 

• Multi-Site (Cleveland Clinic-Houston Methodist, Texas Heart, 
Ochsner Clinic, Baptist Integris, and Aurora Health) RCT, N=98 

• Overall aim: Develop a patient-centered decision aid for decision-
making about advanced heart failure treatment                                        
- Arm 1 (Control): Normal LVAD Education 
- Arm 2: Normal Education + LVAD Decision Aid 

• Main Outcome: Knowledge (1 week, 1 month) 

 



Lvad Decision Aid  



www.lvaddecisionaid.com  

http://www.lvaddecisionaid.com/




New Horizons / New Heart Allocation Policy   

Cleveland Metropark Lakefront Reservation  



Heart Organ Allocation 

• 1988: 2 tiered system, prioritizing sickest 
patients in tier 1 

• 1998: Creation of a 3 tiered system: 
1A/1B/2 

• 2018: Creation of a 6 tiered system with 
exceptions allowed for “disadvantaged 
groups” such as restrictive heart disease 



1998- 2018 UNOS allocation System 



Heart Geographic Distribution 

 
 

Local 

500 
1000 
1500 
2500 

> 2500 

Heart goes to 1A local, 
1B local, then  
1A in Zone A, then  
1B in Zone A, then 
status 2 local, then 
status 2 Zone A.  

A 

B 
C 

D 

E 

Cold ischemic 
time: <4 hours 

Prior Allocation 
System: 

1A, 1B 



Proposed Solutions 

• Increase donor pool 
• Increase donor ultilization 
• Revise donor allocation to prioritize sickest 

patients first, thus minimizing waitlist 
mortality and reducing disparities  



Noted Issues / Opportunities 

• The use of MCSD or inotropes did not require hemodynamics 
criteria to be met-> need for objective data 
 

• Not all MCSD support is created the same (i.e. ECMO ≠ 
LVAD)  
 

• Survival on durable MCSD (especially HMIII) has improved 
over the past 10 years, and the 1998 allocation system does 
not fully reflect this.  
 

• High number of exceptions were being filed  
 
 



Potential Opportunity 
Geographic disparity in wait times due to population and donor pool differences in regions  

Data from OPTN 
Adapted from 
Kittelson et. al JACC 
2017 



OPTN Broader sharing Policy 
“The Final Rule” 

“Patients who need an organ transplant should not have to gamble that 
an organ will become available in their local area, nor should they have to 
travel to transplant centers far from home simply to improve their 
chances of getting an organ. Instead, patients everywhere in the country 
should have an equal chance to receive an organ, based on their medical 
condition and the judgment of their physicians. (DHHS, 1998a)” 
 
• Goal is to “level the playing field” in organ allocation whereby the 

sickest patients get the organs first, regardless of patient’s place of 
residence 

• Standardization of degree of illness 
• Allows status 1A and 1B candidates within a zone to be prioritized 

over local status 2 patients  



Potential Opportunity 
• Patients with restrictive cardiomyopathy (HCM, amyloid) and 

congenital heart disease may not be suitable for durable MCS, 
and possibly have longer wait times or higher waitlist mortality 

 
 Kaplan- Meier survival 

curves while awaiting 
OHT according to 
subtype of heart 
disease with censoring 
at time of heart 
transplantation 
 
Hsich et al. JACC 2016 



Cardiac Phenotype Not Ideal for a Durable LVAD 









2018 UNOS ALLOCATION SYSTEM 
• 6 active tiers by priority of illness 
• More granular definitions of cardiogenic shock 
• More distinctions between various modes of mechanical 

circulatory support devices (MCSD) 
• High listing status (1-3) require frequent rejustification and 

attempted wean of temporary MSCD or inotrope to maintain 
status 

• More clearly defined LVAD malfunction to justify higher listing 
status 

• Exceptions for HCM/RCM and congenital heart disease 
categories  





Percutaneous MCS Device Types and Configurations 

Modified from Werdan K, et al. Mechanical circulatory support in cardiogenic shock. Eur Heart J.2014;35:156-67. 



- VA ECMO  (7 days) 
- SBP <90mmHg 
- CI <1.8 L/min/m2(no inotrope), or <2.0 L/min/m2 (on inotrope) 
- PCWP >15mmHg 
• Or CPR, SBP <70, lactate >4, AST or ALT >1000 if no RHC 
• Rejustification after 7 days with LVAD contraindication with demonstrated 

hemodynamics parameters of failing ECMO wean  
 

- Non-dischargeable, surgically implanted, non-endovascular 
biventricular support device (Bi-V CentriMag) (14 days) 

 
- MCSD with life-threatening ventricular arrhythmia (14 days) 
 - ≥3 VT or VF episodes > 1 hour apart over 14 days with normal K and 
 Mag and 
 - Electrical cardioversion despite IV antiarrythmic therapy  

 

Status 1 

73 



Extracorporeal veno-arterial  
Membrane oxygenation (VA ECMO) 

• The pump has capacity to 
assume responsibility for the 
entire cardiac output 
(biventricular support) 

• The gas exchange unit can 
improve  
- pH 
- PCO2 
- PO2 



ISHLT 2017 





Efforts to Minimize Pulmonary Edema with Peripheral VA ECMO 

+ 

ECMO + Impella  ECMO IABP 

Increasing PCWP and/or 
surrogates of congestion 

 possible during Peripheral 
VA ECMO1 

1-Nicolas Brechot et al. IABP protects against hydrostatic pulmonary oedema during peripheral VA-ECMO.  European  Heart 
Journal 2016  



Status 2 and the New Heart Allocation Policy 

Estep JHLT Volume 37, Issue 11, Pages 1301–1303 2018 



5.0 

CP-4.0 
2.5 

Impella Devices 
  2.5-9F ID,11F OD 
  4.0-14F ID, 16F OD 
  5.0-21/22F OD 

Impella Devices 
Impella LD 



FDA Indication 
The Impella 2.5

™
, Impella CP

®
, Impella 5.0

 ™
 and Impella LD

 ™
 

catheters, in conjunction with the Automated Impella Controller 
console, are intended for short-term use (<4 days for the Impella 2.5 
and Impella CP and <6 days for the Impella 5.0 and Impella LD) 
and indicated for the treatment of ongoing cardiogenic shock that 
occurs immediately (<48 hours) following acute myocardial infarction 
(AMI) or open heart surgery as a result of isolated left ventricular 
failure that is not responsive to optimal medical management and 
conventional treatment measures with or without an intra-aortic 
balloon pump.   
 
The intent of the Impella system therapy is to reduce ventricular 
work and to provide the circulatory support necessary to allow 
heart recovery and early assessment of residual myocardial 
function. 
 
*  Optimal medical management and conventional treatment 
measures include volume loading and use of pressors and inotropes, 
with or without IABP 

  



5.0 RIGHT AXILLARY IMPELLA  

* 



Impella 5.0 Offers Significant Hemodynamic Support 
P2: Low Flow ~ 1.8 L/min P8: Higher Flow ~ 4.3 L/min 

Mean BP  
~ 81 mmHg 

Mean PCWP 
~ 13 mmHg 

Mean BP  
~ 64 mmHg 

Mean PCWP 
~ 27 mmHg 



(9 + 5 days of support) 
Hall et al. JHLT 2017  



Impella 5.0 Use as a Bridge  to Next Therapy 

Hall et al. JHLT 2017  



Impella Related Complications  

Hall et al. JHLT 2017  

Too far In  






TandemHeart  

• Provides better hemodynamic support 

• Associated with higher rate of complications 

• Net benefit determined by balance between  

- benefit of increased support  

- risk of increased complications 

Thiele, European Heart J 2005; 26: 1276-83 

 
ASD 
LA Thrombus 
Stroke 
Perforation 
Canula Displacement 
Leg ischemia 



TandemHeart Offers Significant Hemodynamic Support 

21 F inflow (venous) 
15 F or 17 F outflow (artery) 



Tandem Bridge Strategy 

Kar et. al JACC 2010  

TANDEM 
Support in  
Severe,  
Refractory 
Cardiogenic 
Shock 
(N=117) 



Iabp favorable features  

• Widely available and can be placed at the bed side 
 
• Very encouraging safety profile2 

- Major limb ischemia 0-5% 
- Bleeding 1.8-9% ; access site bleeding < 5%                          

 
• Counter-pulsation platform is simple 

 
 

1-Annamalai et al. Journal of Cardiac Failure 2017 
2-Trost J, Hillis D. Intraaortic balloon counterpulsation. Am J Cardiol. 2006;97(9):1391-1398. Epub 2006 Mar 202- 



IABP off IABP on 

PCWP  
22 mmHg PCWP ~ 12 mmHg 

We Know a Favorable IABP Response When We see It ! 

Patient example 
Non –AMI 
cardiogenic shock 
complicating acute 
on chronic HF  






AP projection 

Cranial projection 

Tenting noted 

AP 

You tube training video “Percutaneous Axillary IABP Placement “ 



Patient Example Kaufman Heart Failure Recovery Unit 









Initial Experience with Axillary IABP Support 

• ~80% of patients had stabilization with 
axillary IABP support and underwent 
heart or heart-multi-organ transplant 

• ~20% had progressive HF requiring 
escalation of therapy 

• Current Practice at CCF 
- Femoral IABP for INTERMACS 1-2 

patients 
- If favorable clinical response and 

extended support needed, then 
change to axillary position 

- 20 patients bridged to heart 
transplant under the new Heart 
allocation policy 

Estep et al. JACC: HF Vol. 1, No. 5, 2013 



RCM and HCM Patients  
Status 2 exception: 
 1. Admitted with continuous Swan Ganz catheter monitoring 
 2. Within 24 hours reached maximally tolerated doses of inotropes 
 and demonstrates at least 2 hemodynamic and 1 end organ 
 parameters: 
  - Systolic BP <90mmHg 
  - LAP, RAP, LVEDP, RVEDP, or PCWP > 20mmHg 
  - Low index ≤ 2.2 L/min/m2 

  - SVO2 <50% 
  - TPG ≥15mmHg 
  - PVR ≥ 2.5 WU 



Heart Geographic Distribution 

 
 

Local 

500 
1000 
1500 
2500 

> 2500 

A 

B 
C 

D 

E 

Local OPO AND zone A 
for Status 1 then  
Status 2 patients. 
 
Then status 3 in local 
DSA. Then status 1 and 
2 in zone B. 
 
Then status 4 in local 
DSA.  

Cold ischemic 
time <4 hours 



Trends in IABP use in the United States 

-144,254 cases of CS (55% AMI and 45% non-AMI).  
- Overall decline in IABP use  
    (29.8–17.7%; ptrend < 0.01) 

Shah M. et al. Clin Res Cardiol (2018) 107:287–303 



Temporary MCS Use Pre Heart Transplantation 
National Inpatient Sample 1998 to 2014 (N=6,892 patients)  

David Ouyang et al. JHLT 2018;37:1060–1066   



Short Term Devices Considerations 
• IABP 

- Greater than Mild AI 
- Severe PVD or aortic disease 

• Impella CP/5.0 
- Mechanical AV 
- Greater than Moderate AI 
- AV stenosis (Area < 1.5 cm2) 
- Severe PVD (for the CP) 
- Mobile LV thrombus 

• Tandem 
- Severe PVD 
- Right or left atrial thrombus 

  1. Seyfarth et al. JACC 2008; 2. Burzotta et al., Dixon et al. (PROTECT 
I); 3. Burkhoff Am H J 2006; 4. Tex Heart Inst J. 2006; 33(2):111-115 (HR 
PCI); 5. Tex Heart Inst J. 2006; 33(2):111-115 (AMI CS); 6. Journal of 
Invasive Cardiology. 2008 Jun; 20(6): 319-322; 7. Ann Thorac Surg. 
2007 Dec; 84(6):1993-9; 8. Henriques (Sjauw, MACH II, JACC 2008)-
Impella 2.5;  9. Kar et al JACC 2011; 10. USImpella TCT 2010 data; 11 
Ferguson JACC 2001. 

 

 
 

 

CONTRAINDICATIONS 



Role of Temporary MCS and Patient and Programmatic Considerations 

J. Brown and  JD. Estep  Heart Failure Clinics 2016   



Adult congenital Heart Disease 
Patients  

• “Measurements of hemodynamics among patients with CHD can be 
complicated by altered anatomy and rendered meaningless” 
 

• ACHD patients may not be ideal candidates for inotropic or mechanical 
support 
 

• 2% OHT population (but growing) 
 

• Distinction between single and dual ventricle physiology (exemption 
criteria for higher listing status exists)  



Exceptions Still Exist 
• Regional review board can review cases when  
“1. A candidate is admitted to transplant hospital that registered 
the candidate on the wait list and  
2. Transplant physician believes, using acceptable medical 
criteria, that a heart candidate has an urgency and potential for 
benefit comparable to that of other candidates at requested 
status.”  
 
• Sensitized patient may gain higher priority within a listing 

status if all transplant programs within the OPO and donor 
service area (DSA) agree  



Implications 
• Since sickest patients are prioritized and the 2018 allocation system 

places emphasis on MSCD support, especially of non-dischargeable 
supports, this may encourage the use of temporarily support devices 
such as IABP and Impella over inotropes  
 

• Bridge to transplant LVAD patients without complications are assigned a 
lower allocation status given recent improvements in LVAD technology 
and event-free survival  
 

• Allowance for more equitable sharing of organs within a 500 mile radius 
prioritizing the sickest patients first, in accordance with the “Final Rule” 



Take Home Points 
• New LVAD technology is associated with improved outcome (less 

morbidity) with current 2 year survival post LVAD ~ 80 %. 
• Over 3,000 cardiac transplantations occur in United States annually, 

however, the demand for organs exceeds the supply. 
• The 2018 UNOS organ allocation system was an effort to make organ 

allocation more equitable in the modern era of MCSD and durable LVADs. 
• The 2018 UNOS criteria created more tiers with stronger emphasis on 

hemodynamic metrics for listing criteria.  
• The use of MCSD, especially percutaneous support devices is expected to 

increase.  
• Wait list time and mortality and post heart transplant outcome will be 

monitored. 
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