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45-50% Preserved Systolic 

Function 3.0-3.5 Million

Theoretical Candidates for 

Mechanical Circulatory 

Support

Current Estimate of the Number of Advanced Heart Failure Patients

This represents approximate number of potential VAD candidates. Data from Miller (2). 

35% Class I

35% Class II

25% Class III

(5-10% IIIB

2-5% Class IV

300 Million US Population

Heart Failure = 2.6% Population* or 

7 Million Total

50-55% Systolic Heart Failure 

3.0-3.5 Million

Class IIIB 100-150,000 Class IV 75-150,000

Class IIIB + IV <75 years

150-250,000 Patients



• The Gulf Region

• Area:  Approximately 1 million square miles 
(around 25%of US total area)

• Population:  Estimated around 50 million

• Religion:  Islam

• Language: Arabic

• Economy:  Almost 50% of the world’s total oil 
reserves

• Weather:  Hot summers (up to 130° F), and 
pleasant winters. 



The Gulf Region

• Population:  Estimated around 50 million.

• Heart failure population: At 2.5%, estimated to be around 
1.25 million.

• Advanced HF population (systolic HF, NYHA class IIIB and 
IV): At 5-10% of all HFrEF, estimated to be 40,000- 60,000.

• Advanced HF patients that should be  transplanted: At least 
400- 600 (1% of advanced HF). 



Clinical Course of HF

Circulation 2012, 125:1928-1952
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http://www.time.com/time/magazine/0,9263,7601841210,00.html
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Adult Heart Transplants

% of Patients Bridged with Mechanical Circulatory Support*

2017
JHLT. 2017 Oct; 36(10): 1037-1079

(Transplants: January 2005 – December 2015)
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Pulsatile flow (N=1,217) Continuous flow (N=5,753) ECMO (N=164)

No Inotropes/No LVAD (N=6,970) Inotropes/No LVAD (N=7,679)

2017
JHLT. 2017 Oct; 36(10): 1037-1079

Adult Heart Transplant Kaplan-Meier Survival by Pre-Transplant 
Mechanical Circulatory Support Use 

No pair-wise comparisons were significant at p < 0.05 except all comparisons with ECMO and 
Inotropes/No LVAD vs. Pulsatile flow. 

(Transplants: January 2005 – June 2015)



Ventricular Assist Devices       

For An Indication (chronically) For A Decision (acutely)

Recovery

Transplant Short-term devices

Destination (percutaneous or surgical)

Hospice
Long-term devices (surgical)





The INTERMACS profile
(Interagency Registry for Mechanically Assisted Circulatory Support)





Types of LVAD Indications



Comparison of HM I (XVE) and HM II 

HM I HM II

Weight (gm) 1250 280

Volume (ml) 450 63

Noise Audible Silent

Moving parts Many One

Maximal flow 

(l/min)*

10 10

Clinical Durability 

(yr)

1.5 Est. > 5

* at mean pressure=100 mm Hg 

HM I

HM II



HeartMate II – BTT trial

- HeartMate II
- 133 patients
- no control group

•Primary outcome: 
transplantation, recovery or ongoing mechanical support while 
remaining eligible for transplantation, at 180 days.

Miller LW et al. NEJM, 2007 Aug 30;357(9)



HeartMate II BTT trial, primary outcome

75% 68%

Miller LW et al. NEJM, 2007 Aug 30;357(9)



HM II destination therapy

• 200 patients, 38 centers (USA)

• 134 patients (CF-LVAD), 66 patient ( Pulsatile LVAD)

Primary endpoints : 2 years survival free from stroke and reoperation to repair or replace the device.

Secondary endpoints: survival, frequency of adverse events, quality of life, and functional capacity.

NEJM 2009; 361: 2241-
51



NEJM 2009; 361: 2241-51







Destination Therapy Survival Benefit vs Medical Management

Two-Year Outcomes in the Destination Therapy Post-FDA-Approval Study 

with a Continuous Flow Left Ventricular Assist Device: A Prospective Study 

Using the INTERMACS Registry. U.P. Jorde, S.S. Khushwaha, A.J. 

Tatooles, et al. Presented at the ISHLT annual meeting, April 25, 2013.



Absolute Contraindications to LVAD therapy

• Untreated active systemic infection.

• Active or untreatable malignancy.

• Irreversible severe pulmonary hypertension.

• Symptomatic cerebrovascular disease not amenable to surgical correction. 

• Severe peripheral vascular disease not amenable to surgical correction and 
precluding effective rehabilitation.

• History of medical non-compliance or lack of psycho-social support.



Important Potential Complications with LVAD therapy

• Cerebrovascular accidents.

• Pump malfunction or thrombosis.

• Systemic bleeding, especially GI tract.

• Driveline infections. 

• RV dysfunction.

• Arrhythmias. 





Mechanisms of pump thrombosis

• LVAD biomaterials in direct contact with blood/ coagulation system 
activation.

• End-stage HF patients (ICM) / LV thrombus.

• Blood stasis / no regular opening of AV.



Bleeding

• Major source of morbidity after LVAD implantation.

• Range 20%– 65%.

• Mainly GI bleed and epistaxis. 

• Anticoagulation challenged.

(Boyle et al, 2009 JHLT)

(Crow et al, 2009 J Thoracic cardiovascular surg)



Mechanisms of bleeding

• Acquired von Willebrand syndrome (AVWS)

• GI tract Angiodysplagia

• Impaired platelet aggregation.

• Use of anticoagulation therapy.







Circ Heart Fail 2014;7:1003-1013

52 articles analyzed in systemic review 
Industry-funded trials and related registries = 10

Multicenter registries = 10

Single center reports and case series = 32



Circ Heart Fail 2014;7:1003-1013

Clinical benefits of CF-LVAD



Circ Heart Fail 2014;7:1003-1013

Risks of CF-LVAD



• A prospective study of 200 patients, NYHA class IIIb- IV, but not inotrope-dependent.

• Randomized to HM II versus OMT

• Composite endpoint of survival and improvement of 6-minute walk test of ≥75 m at 12 
months.







HeartMate III:  Features

• Fully magnetically levitated

• Designed for hemocompatibility:

• Large pump gaps leading to reduced blood 
trauma

• Textured blood contacting surfaces

• Artificial pulse

• Wide range of operation

• Full support:  10 L/min

• Surgically intelligent

• Engineered apical attachment

• Modular driveline











Summary

• End stage CHF is associated with significant mortality and limited therapeutic options.

• Medical therapy ultimately becomes insufficient. Advanced therapies are still underutilized. 

• The goal from referral to MCS is to significantly impact survival and quality of life. 

• MCS should be individualized based on patient characteristics and excluded when prognosis is more 
influenced by conditions other than HF.

• Device technology is advancing rapidly to match prognosis with heart transplant. 



Thank you


