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Impact of advancing technology and best practices 

Based on published data from multicenter experience and separate studies, which may involve different patient populations and other variables. Not a head to head comparison. Data presented for informational purposes only. 

79% - HeartMate 3 LVAD (2019)2 

76% - HeartMate II™ LVAD (2019)2 

24% - HeartMate XVE (2009)4 
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82% - Heart Transplant (2017)*1 

   

60% - HVAD† LVAD (2017)3 

Months after implant 

8% - OMM – REMATCH (2001)5 

*82% 2-year survival for adult heart transplants patients between 2009 and 20151 

References: 1. Lund LF, Khush KK, Cherikh WS, et al. The Registry of the International Society for Heart and Lung Transplantation: Thirty-fourth Adult Heart Transplantation Report—2017; Focus theme: allograft ischemic time. J Heart Lung Transplant. 
2017;36:1037-1046. 2. Mehra MR, Uriel N, Naka Y, et al. A Fully Magnetically Levitated Ventricular Assist Device-Final Report. N Engl J Med. 2019. 3. Rogers JG, Pagani FD, Tatooles AJ, et al.  Intrapericardial Left Ventricular Assist Device for Advanced Heart 
Failure. N Engl J Med. 2017;376:451-60.  4. Slaughter MS, Rogers JG, Milano CA, et al. Advanced heart failure treated with continuous-flow left ventricular assist device. N Engl J Med. 2009;361:2241-2251. 5. Rose EA, Gelijns AC, Moskowitz AJ, et al. Long-term 
use of a left ventricular assist device for end-stage heart failure. N Engl J Med. 2001 Nov 15;345(20):1435-43. 

58% - HMII DT4 (2009) 



A New Survival and Functional Status Benchmark with  
Contemporary LVAD Therapy 

5-year survival of 58.4% and excellent functional capacity on the 
centrifugal flow HeartMate 3 pump in advanced HF patients 

irrespective of therapeutic intent  
 
 

Mehra MR et al. JAMA 2022; 328(12):1233-1242. 

Netuka I. et al. J Am Coll Cardiol. 2015;66:2579-2589.  

Key Attributes 
 

Enhanced “Thrombo-resistance” 
 

-Near Elimination of Pump Thrombosis 
-Low Stroke Rates 
 

 

Mehra MR. et al. N Engl J Med. 2019;380:1618-1627. 

 
 

Improved Survival 













J Heart Lung Transplant 2021 



Mehra, Goldstein, Cleveland et al, JAMA 2022; 328(12):1233-1242. 









Mehra, Goldstein, Cleveland et al, JAMA 2022; 328(12):1233-1242. 



HEMOCOMPATIBILITY RELATED OUTCOMES 

Opportunity to Reduce Residual Risk 

Mehra MR, Crandall DL, Gustafsson F, et al., Eur J Heart Fail. 2021;23(7):1226-1237 



Aspirin and Hemocompatibility Events with a Left 

Ventricular Assist Device in Advanced Heart Failure 

The ARIES-HM3 Clinical Trial 

Mandeep R. Mehra, Ivan Netuka, Nir Uriel, Jason N. Katz, Francis D. Pagani, Ulrich P. Jorde, Finn Gustafsson,  

Jean M. Connors, Peter Ivak, Jennifer Cowger, John Ransom, Aditya Bansal, Koji Takeda, Richa Agarwal, Mirnela Byku,  

Michael M. Givertz, Abbas Bitar, Shelley Hall, Daniel Zimpfer, J David Vega, Manreet K. Kanwar, Omar Saeed,  

Daniel J. Goldstein, Rebecca Cogswell, Farooq H. Sheikh, Matthew Danter, Yuriy Pya, Anita Phancao, John Henderson,  

Daniel L. Crandall, Kartik Sundareswaran, Edward Soltesz and Jerry D. Estep 

On Behalf of the ARIES Investigators 

 



Mehra MR, Crandall DL, Gustafsson F, et al., Eur J Heart Fail. 2021;23(7):1226-1237 

Thomas, The Structure of Resting and Activated Platelets. Platelets 4th Ed. 2019, Pages 47-77  

 

Can aspirin be safely excluded from the 

antithrombotic regimen  

(which includes Vitamin-K Antagonists)  

in HM3 LVAD Patients? 

ACETYLSALICYLIC ACID THROMBOSIS 

ACETYLATION 

SALICYLATION 

COX-1 INHIBITION 

COX-2 INHIBITION 

PLATELET INHIBITION 

ANTI-INFLAMMATION 



 

        Antithrombotic Regimens 

 

Aspirin (100mg) + Standard VKA (INR 2.0-3.0)   

versus  

Placebo + Standard VKA (INR 2.0-3.0) 

 

US 

Canada 

United Kingdom 

France 

Italy  

Austria 

Czechia 
Kazakhstan 

Australia 

International, Multicenter, Prospective, Randomized,  

Double-blind, Placebo-controlled Study 

Global Study of 51 centers in 9 countries 

 

HYPOTHESIS 

Exclusion of aspirin from the antithrombotic regimen of patients supported with the HM3 LVAD 

will not adversely affect safety or efficacy of the HM3 and may reduce non-surgical bleeding 



End Points 

Primary: Survival free of any non-surgicala major 
hemocompatibility related adverse eventb at 1-year post 
implant 

 
 

• The final sample size provided >90% power to assess the primary end point for non-inferiority 

• Non-inferiority met if the lower boundary of the one-sided 97.5% confidence limit was greater than 
the non-inferiority margin (-10%)  

 

Principal Secondary: All Non-surgical Bleeding  

 

a >14 days post implant. bAny Stroke, Pump Thrombosis, 

Major Bleeding, and Arterial Peripheral Thromboembolism 



Patient Population 
Patient Meets 

ARIES HM3 

Eligibility? 

Randomization 1:1 

Day 2-7 post implant  Aspirin with VKA 

(INR 2.0-3.0) 

Placebo with VKA 

(INR 2.0-3.0) 

Placebo 

N=314 

Aspirin 

N=314  

Surgical Events and Outcomes (n=21)  

• Transitioned to open label 

(n=12) 

• Died (n=2) 

• Withdrawn (n=7) 

Surgical Events and Outcomes (n=18) 

• Transitioned to open label (n=8) 

• Died (n=1) 

• Withdrawn (n=9) 

Follow up on 

Placebo 

N=296 

Follow up on 

Aspirin 

N=293 

Randomized Population 

N=628 

Primary Analysis Population  

N=589 

Withdrawn without primary end 

point event (n=20) 
Withdrawn without primary end 

point event (n=25) 

Evaluated for 

Primary Endpoint 

N=271 

Evaluated for 

Primary Endpoint 

N=273 

Primary Endpoint Population 

N=544 
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Aspirin 

No. at Risk: 

Placebo 

Aspirin 
296 

293 

221 

205 

161 

146 

84 

72 

44 

33 

Primary End Point Analysis 

Placebo Aspirin  
Difference  

(Lower 97.5% CI)* 
P-value* 

Non-Inferiority 
Primary End Point 
Analysis  

74.2 
(201/271) 

68.1 
(186/273) 

6.0% (-1.6%) <.001 

All sensitivity analyses concur with the primary analysis, 

including randomized population, worst case allocation of 

withdrawals, and impact of transition to open label  

Hazard Ratio at 2 y, 0.73 (95% CI, 0.55 - 0.97) P=0.03 

Time-to-First Event 

Placebo 



Principal Secondary Endpoint 
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No. at Risk: 
Placebo 
Aspirin 

296 
293 

222 
207 

163 
148 

85 
73 

44 
34 

29.7 

42.4 
Aspirin 

Hazard Ratio at 2 y, 0.67 [95% CI, 0.50 - 0.92] P=0.01 

23.1 

30.0 

Rate of Non-surgical Bleeding Events 

Placebo 



Safety Endpoints 
 

No Increase in Thrombosis 

 
HR [95% CI]: 0.90 [0.50 - 1.62] P=0.71 

No Difference in Mortality 



Rate of Non-surgical Bleeding Events 

JAMA. 2023;330:2171-2181.  

Vitamin-K Antagonist Management  

Target Therapeutic Range INR 2.0 - 3.0 

 

Time in Therapeutic Range (TTR) 56% 



TTR – time in therapeutic range 

Rosendaal method of linear interpolation  

14 % 

86 % 



Bleeding Rate by TTR Increments  
Incremental improvement of 10% above the median of 56% trends in a significant reduction in bleeding rate 

+10% +20% ≥56% <56% +30% 

Linear regression  

p-value=0.007 

Connors/Netuka/Mehra. ARIES VKA Analysis (Preview, ISHLT Thursday April 11, 2024)  



Direct oral anticoagulants and anticoagulants and LVADs 

VKA 

DOACs 

 

• Vitamin-K Antagonist (VKA) remains suboptimal and resource intensive 

• Direct oral anticoagulants (DOACs) alternative with a potential of better compliance and 

no additional monitoring for dose adjustments 

 



A Prospective Randomized Trial of Direct Oral 
Anticoagulant Therapy with A Fully Magnetically 

Levitated LVAD 
 

The DOT-HM3 Study 
  
 

Ivan Netuka, Zuzana Tucanova, Peter Ivak, Stanislav Gregor, Dushan M. Kolesar, Tomas Marek,  
Vojtech Melenovsky, Jana Binova, Zora Dorazilova, Marketa Hegarova, Martina Podolec, Hynek Riha MD, 

Jean M. Connors and Mandeep R. Mehra 
 



 

• Direct Oral Anticoagulants (DOACs) became a viable alternative to VKA in scenarios of 

non-valvular Atrial Fibrillation or Deep Vein Thrombosis 

• However, their risk-benefit ratio can be precarious as they are not necessarily safe in scenarios of 

valvular atrial fibrillation or with Mechanical Prosthetic Valves 

• Substantial concern exists with use of DOACs in patients with LVADs 

• A small study using Dabigatran in patients with an older generation LVAD, the HeartWare HVAD, 

demonstrated increased thrombotic complications  (Andreas M. et al. Circ Heart Fail. 2017) 

• Can the observed Thromboresistance with the HeartMate 3 LVAD allow  

    judicious use of Direct Oral Anticoagulants in selected conditions?  

 

DOT HM 3 Trial Rationale 



Direct Oral Anticoagulant Therapy With the HeartMate 3 LVAD  
(DOT-HM3) Trial   

Study Aim 

• Prospective, single-center, randomized, safety and feasibility trial of apixaban 

anticoagulation in patients on HeartMate 3 LVAS (Clinical Trials.gov NCT04974684) 

Primary Endpoint  

• The primary safety endpoint was survival-free of pump thrombosis, disabling 

stroke, or major bleeding at 3 months post-randomization. 

• If no safety concerns, clinical outcomes were mandated at completion of 6-month 

follow-up.  

• Heart transplantation was considered success, and other withdrawals, a failure. 

 
 

Funding: Investigator-initiated study supported by an institutional grant by Abbott (USA). The sponsor was not involved in 
the design, execution, analysis or presentation and publication decisions of the study 



• INR 2.0-3.0 + ASA 100mg* 

Entry Criteria 
 

• Minimum 3 months post HeartMate 3 

implant 

• Stable, ambulatory and home discharged 

• Consent provided 

 

 

 
 
Key Exclusion Criteria 

 

• Any Thromboembolism or Major Bleeding 

after implant 

• Weight ≤ 60 kgs. or age ≥ 80 years 

• Poor kidney function with serum 

creatinine ≥ 221umol/L or creatinine 

clearance < 0.042 mL/s 

• Mechanical valve or ancillary MCS 

• Hemodynamically significant carotid 

stenosis  

• Need for antiplatelet therapy for reasons 

other than LVAD therapy 

• History of hyper-/hypo- coagulable 

disorder 

• Aspirin or Apixaban hypersensitivity 

 

HeartMate 3 LVAS 

DOT–HM 3 Study N=45**  

Warfarin + ASA Apixaban 

  

ASA 100 mg No ASA 

*ARIES trial results unknown at 
inception of trial 
 

1:1 Randomization 
N=31 N=14 

N=16 N=15 

2:1 

Randomization 

**No study power assigned in 
this exploratory study and ITT 
principles used in describing 
outcomes  



Clinical Outcomes (6-months) 

CLINICAL OUTCOME (6-months) APIXABAN +  

100mg ASA 

N=15 

APIXABAN 

Alone 

N=16 

Warfarin +  

100 mg ASA 

N=14 

Cumulative Follow-up (pt/days) 2338 2656 2338 

Primary outcome: Patient survival-free of pump thrombosis, disabling 

stroke, or major bleeding  

(HTx considered success and other withdrawal a failure) 

13/15 (86.7%) 15/16 (93.7%) 12/14 (85.7%) 

Individual Components       

Thromboembolism (pump malfunction, stroke or arterial 

thromboembolism) at  6 months 

0 0 0 

Major bleeding  1 

(Gastrointestinal) 

0 2* 

(uterine) 

Withdrawals (without a primary event or transplantation) 1 1 1 

Heart transplants  4 2 1 

* 2 uterine bleeding events occurred in 1 patient (treated as a single count in the primary endpoint) 



Available now on https://www.ahajournals.org/journal/circ 
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Conventional implantation technique: Full sternotomy 



  

HeartMate 3 

Dimensional evolution of the technology 

HeartMate XVE 











Alternative implant strategy: Via left hemithorax 



Figure 3  

Figure 2  

Challenges in small LV and restrictive physiologies  



Figure 3  

Figure 2  

Challenges in small LV and restrictive physiologies  





 Small LV dimension  

 Technical concerns of the cannula insertion (LV aneurysm, calcified or 

friable apex) 

Other anatomic considerations 

 

 

 

Intra-atrial conduit LVAD implant considerations 



 Cannula encroachment to the septum or free-wall 

 Risk of intraventricular/pump thrombosis 

 Ventricular arrhythmias 

 Insufficient LV unloading with residual HF 

 Impaired RV function  

 

 

Consequences of suboptimal inflow cannula positioning 



LA appendage closure  
mandatory in de novo cases!  



Patients with end-stage heart failure, OMM refractory, requiring mechanical 

circulatory support in whom LVAD is considered inefficient or contraindicated: 

 

 

 Potapov et al. EJCTVS, 2019 

• RVEF ≤ 30% 

• TAPSE ≤ 14mm 

• RV-to-LV end-diastolic diameter ratio > 0.72  

• CVP > 15 mmHg 

• CVP-to-PCWP ratio > 0.63 

• PAPi ≤ 2.0 (PAs - PAd/CVP) 

• Tricuspid insufficiency grade 4  

BIVAD and TAH Considerations 



Alternative implant considerations 



Figure 5  



Figure 5  

ESC Heart Failure 2023:10,3, 2094-2098. 



Patients with end-stage heart failure, OMM refractory, requiring mechanical circulatory support 

in whom LVAD is considered inefficient or contraindicated: 

 

 • Ventricular thrombosis 

• Ventricular septal defect 

• Restrictive/constrictive etiologies 

• Cardiac tumors 

• Refractory arrythmias 

• Fulminant rejection after HTx 

 

 Potapov et al. EJCTVS, 2019 

BIVAD and TAH Considerations 





Modified TAH Implant (S/P Mustard operation) - IKEM 



Conclusions 
 LVADs – game-changer in HF patients prognosis with significant 

survival benefit 

 5-years survival  above 60% with improved functional capacity QoL 

 Accomplishments in addressing residual risks (bleeding AEs) 

 Signal of DOACs (Apixaban) safety use 

 Clinical feasibility in challenging anatomies with alternative surgical 

strategies 

 Versatility in biventricular heart failure and TAH mandated scenarios 


