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Abstract

BACKGROUND: Aspirin (ASA) anti-platelet therapy is mandated with left ventricular assist 

devices (LVADs) to prevent hemocompatibility-related adverse events (HRAEs). However, the 

optimal dose of ASA with HeartMate 3 (HM3) LVAD is unknown.

METHODS: In an exploratory analysis of HM3-supported patients in the MOMENTUM 3 study 

(NCT02224755), 2 groups were analyzed: usual-dose (325 mg) and low-dose (81 mg) ASA with 

anti-coagulation targeted to an international normalized ratio of 2.0 to 3.0. Exclusion criteria 

included patients not receiving either ASA 81 mg or 325 mg, those with HRAEs ≤7 days after 

device implantation, and those receiving >1 anti-platelet agent. The primary end-point was 

survival free from HRAEs (non-surgical bleeding, pump thrombosis, stroke, and peripheral arterial 

thromboembolic events) at 2 years.

RESULTS: Overall, 321 HM3 patients (usual-dose: n = 141, low-dose: n = 180) were included in 

this analysis. Usual-dose group patients were younger (57 ± 13 vs 60 ± 12 years, p = 0.035) and 

less often assigned destination therapy (55% vs 67%, p = 0.029) than low-dose ASA. At 2 years, a 

similar proportion of patients in the usual- and low-dose groups (43.4% vs 45.3%, p = 0.94) met 

the primary endpoint. There were no differences in survival free from hemorrhagic (usual-dose: 
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54.4% vs low-dose: 51.7%, p = 0.42) or thrombotic (usual-dose: 76.8% vs low-dose: 75.7%, p = 

0.92) events.

CONCLUSIONS: Usual- and low-dose ASA revealed similar rates of bleeding and thrombotic 

events in HM3 LVAD-supported patients within the MOMENTUM 3 trial. Whether ASA therapy 

provides any meaningful therapeutic effect in patients treated by the HM3 LVAD remains to be 

determined.
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Left ventricular assist device (LVAD) therapy improves hemodynamics and enhances 

survival in advanced heart failure, yet the abnormal circulation induced by continuous-flow 

rotary pumps is associated with platelet dysregulation and acquired von Willebrand 

syndrome.1–3 Aspirin (ASA) anti-platelet administration has remained a cornerstone of anti-

thrombotic therapy during LVAD support. During continuous-flow LVAD support, platelet 

function is already influenced by shear stress and possibly acquired von Willebrand 

syndrome. It remains unknown whether the addition of ASA is beneficial or simply confers 

bleeding tendency.4 In the absence of compelling clinical evidence and outcome data, there 

is marked clinical variation in the dosing of ASA-based anti-platelet therapy. 

Hemocompatibility-related adverse event (HRAE) profiles vary between different LVADs, 

and whether the improved HRAE profile observed with HeartMate 3 (HM3) pump in 

clinical trials requires a reappraisal of the use of ASA therapy has not been previously 

addressed.5 HM3 patients within the MOMENTUM 3 clinical trial were prescribed varying 

doses ranging from usual-dose (325 mg) to low-dose (81 mg) ASA along with oral anti-

coagulation using a vitamin K antagonist (warfarin) with a target international normalized 

ratio (INR) of 2 to 3. We examined the impact of these 2 distinct ASA dose regimens on 

HRAEs during HM3 support in a post-hoc analysis of the MOMENTUM 3 trial.

Methods

Study population

MOMENTUM 3 is a prospective, multicenter, non-blinded, randomized clinical trial 

comparing the HM3 and HeartMate II (HMII) LVADs in patients with advanced-stage heart 

failure. Trial enrollment was conducted between September 2014 and August 2018. Details 

of the trial design have been published previously.6 This post-hoc analysis focuses on the 

association of usual- or low-dose ASA on HRAEs exclusively in patients implanted with the 

HM3 device. Additional exclusion criteria included patients receiving ASA other than a dose 

of 81 mg or 325 mg daily at 7 days post-implant, those receiving >1 anti-platelet agent or a 

P2Y12 inhibitor, and those with an outcome or an HRAE ≤7 days after HM3 implantation. 

The remaining patients were categorized into 2 groups on the basis of daily ASA dose as 

usual dose (325 mg) or low dose (81 mg) at 7 days after HM3 implantation (Figure 1). ASA 

dose assignment was independently determined by treating clinicians at the implanting 

center and was not specified by the trial protocol, which allowed dosing in the 81 to 325 mg 

range. Concurrent anti-thrombotic therapy in the MOMENTUM 3 trial included anti-
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coagulation with warfarin to a targeted INR of 2.0 to 3.0 IU. The institutional review board 

at each participating center approved the protocol and all patients or their legally authorized 

representative provided written informed consent.

Data collection

Data were collected at baseline, HM3 implantation, and post-implant at 1 day, 7 days, 

discharge, 1 month, 3 months, 6 months, and then every 6 months until the 2-year follow-up 

period was completed. Adverse event data were collected as they occurred.

End-points

The primary end-point of this analysis was comparison of survival free from an HRAE at 2 

years after HM3 implantation between patients on usual-dose ASA and those on low-dose 

ASA. HRAEs consisted of gastrointestinal or non-surgical bleeding episodes, stroke 

(hemorrhagic or ischemic), and thromboembolic events including suspected or confirmed 

pump thrombosis and arterial thromboembolism with or without end-organ involvement. 

Secondary end-points included survival free from hemorrhagic or thrombotic events 

analyzed separately between patients on usual-dose ASA and those on low dose at 2 years. 

Venous thromboembolism was excluded.

Stratification and sensitivity analyses

Stratification analyses were conducted for age and intention-to-treat categories. Patients <60 

and ≥60 years old (59 was the mean age of the overall cohort) were separately assessed for 

survival free from an HRAE between those on usual- and low-dose ASA (a cut point of 60 

was near the overall cohort mean and to balance strata). Similarly, patients assigned as 

bridge to transplantation or bridge to candidacy or as destination therapy (DT) were 

compared for survival free from an HRAE between those on usual- or low-dose ASA. To 

limit exclusion bias, a sensitivity analysis was performed including all patients without 

HRAE ≤7 days post-implant who were on ASA at 7 days post-implant and were grouped as 

(1) ≥325 mg vs <325 mg and (2) >81 mg vs ≤81 mg. This sensitivity analysis included 

patients with dual anti-platelet therapy, P2Y12 inhibitor use, or non-standard ASA doses at 7 

days post-implant but excluded patients without ASA at 7 days post-implant.

Statistical analysis

Continuous data are presented as mean ± SD or median as appropriate and compared using 

Student’s t-test, unless otherwise specified. Categorical data are presented as percent and 

events per patient year for recurrent events and were compared by the chi-square test or 

Poisson regression, unless otherwise specified. Baseline demographics were compared 

between patients on usual-dose and low-dose ASA. Survival free from HRAEs was 

calculated by Kaplan—Meier methods and the difference between patients on usual- or low- 

dose ASA was determined by log-rank test. Analyses were landmarked at day 7, and 

censoring was done for heart transplantation or withdrawal. Multivariable Cox proportional 

regression was used to calculate adjusted hazard ratios (aHRs). Baseline covariables with a 

bivariate p < 0.1, age and intention to treat, were included in the multivariable model. In 

addition, sex, which may be related to HRAEs during LVAD support,7 was also included in 
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the model. P < 0.05 was considered statistically significant. Statistical analyses were 

performed with SAS software, version 9.4 (SAS Institute).

Results

Patient characteristics

The study group comprised 321 patients who met the inclusion and exclusion criteria 

(Figure 1). There were 257 (80%) men, 115 (36%) with an ischemic etiology of heart 

failure, 143 (45%) with diabetes, 209 (65%) white, and 32 (10%) with a history of stroke. 

Before LVAD implant, 50% of all the patients in both groups were on ASA and in these 

patients, dose of ASA at baseline (before pump implant) was most often 81 mg daily (low 

dose: 94%, usual dose: 93%). After LVAD implant, within the cohort, 141 patients were on 

usual-dose (325 mg) ASA and 180 received low dose (81 mg). Patients in the usual-dose 

group were younger (57 ± 13 vs 60 ± 12 years, p = 0.035) and less often implanted as DT 

(55% vs 67%, p = 0.029) compared with those receiving low-dose ASA. The remaining 

baseline clinical characteristics, as listed in Table 1, were similar between both groups. INR 

at the time of HRAEs was clinically similar between usual- and low-dose groups (2.20 IU, 

interquartile range [IQR]: 1.66–3.20 vs 2.00 IU, IQR: 1.50–2.60, p = 0.054, Figure 2a). 

Moreover, INR at the time of hemorrhagic events (2.20 IU, IQR: 1.64–3.25 vs 2.00 IU, IQR: 

1.51–2.60; p = 0.064) or thrombotic events (1.94 IU, IQR: 1.69–2.50 vs 1.65 IU, IQR: 1.50–

2.00; p = 0.34) was similar between usual- and low-dose groups, respectively.

Figure 2b further shows that INR distributions between ASA groups were similar during the 

study follow-up period.

End-points

No patients were lost to follow-up over a 2-year period and no end-point data were missed. 

The primary end-point was similar between groups as nearly equivalent proportion of 

patients remained free of HRAEs on usual- (43.5%) and low-dose ASA (45.3%, p = 0.94, 

Figure 3). After adjustment for covariates, the likelihood of an HRAE remained similar for 

those on usual- (aHR: 1.00, 95% CI: 0.72–1.40, p = 0.99) and low-dose ASA (Table 2). 

There was no difference in freedom from hemorrhagic events between patients on usual-

dose ASA (54.4%) and those on low-dose ASA (51.7%, p = 0.42, Figure 4a) at 2 years. This 

yielded an equivalent probability of incurring a bleeding event on usual-dose ASA in 

comparison with low-dose (aHR: 1.00, 95% CI: 0.71–1.41, p = 0.99). Freedom from 

thrombotic events was also comparable between patients on usual-dose ASA (72.1%) and 

those on low-dose (75.7%, p = 0.61, Figure 4b) at 2 years, and the likelihood of these events 

was similar between groups (usual-dose ASA: aHR: 1.04, 95% CI: 0.63–1.72, p = 0.88 vs 

low-dose ASA).

Risk of specific hemocompatibility-related adverse events and death

The likelihood of gastrointestinal bleeding was similar between patients on usual- and low-

dose ASA (22% vs 28%, respectively, aHR: 1.04, 95% CI: 0.66–1.63, p = 0.87). A total of 8 

(5.9%) patients experienced a hemorrhagic stroke on usual-dose in comparison with 7 

(3.9%) on low-dose ASA (aHR: 1.03, 95% CI: 0.33–3.20, p = 0.96). Ischemic strokes 

Saeed et al. Page 4

J Heart Lung Transplant. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



occurred in 5 (3.5%) patients on usual-dose and in 4 (2.2%) on low-dose ASA (aHR: 1.10, 

95% CI: 0.25–4.91, p = 0.90). As listed in Table 2, there were no differences in the risk of 

disabling stroke, non-disabling stroke, peripheral arterial thromboembolism, and device 

thrombosis between the ASA groups. In addition, 2-year mortality was similar between the 

usual- (18.4%) and the low-dose ASA (17.2%) groups (aHR: 1.05, 95% CI: 0.62 −1.80, p = 

0.85).

Stratification and sensitivity analyses

When patients with dual anti-platelet therapy, P2Y12 inhibitor use, or non-standard doses at 

7 days post-implant were included, no difference in survival free from HRAE was noted 

between groups (Figure 5a: ≥325 mg vs <325 mg, p = 0.96; Figure 5b: >81 mg vs ≤81 mg, p 
= 0.48). Between usual- and low-dose ASA regimens, no difference in freedom from 

HRAEs was noted in sub-populations on the basis of age (age <60 years, p = 0.53; age ≥60 

years, p = 0.40) or indication for use (DT p = 0.25; bridge to transplantation/bridge to 

candidacy p = 0.24).

Discussion

Our principal findings in this post-hoc analysis of the MOMENTUM 3 trial within the HM3 

study group are as follows: First, there was no difference in survival free of either 

hemorrhagic or thrombotic adverse events between patients receiving usual- or low-dose 

ASA. Second, specific sub-types of HRAEs including ischemic and hemorrhagic strokes, 

gastrointestinal bleeding, thromboembolism, and device thrombosis occurred at a similar 

rate between the 2 ASA regimens. Finally, there was no difference in overall survival 

between ASA groups. These findings were unlikely to be confounded by a variation in 

warfarin anti-coagulation because there were no clinically significant differences in the INR 

between the ASA groups at the time of HRAEs, and overall INR distribution was similar 

throughout follow-up. Furthermore, although patients on low-dose ASA were older and 

more often implanted as DT, no difference in the likelihood of HRAEs was present even 

after adjustment for the clinical covariates. ASA dose was prescribed at the discretion of the 

treating clinician and use of the low-dose (81 mg daily) in patients designated as DT may 

have been as a result of a perceived higher risk for bleeding or related to center-specific 

practices. It is noted that patients on usual- or low-dose ASA did not differ with respect to 

history of bleeding before HM3 implantation or pre-LVAD ASA dose.

Differing anti-thrombotic regimens and ASA dosing strategies have been evaluated in 

LVADs that preceded HM3, including HMII and HVAD pumps. In a retrospective 

comparison during HMII support, usual-dose ASA, in comparison with low-dose, was 

associated with a higher risk of bleeding that was not offset by lower thrombotic events.8 In 

the US-TRACE (Study of Reduced Anti-Coagulation/Anti-platelet Therapy in Patients with 

the HeartMate II) study, reduction in anti-thrombotic therapy (62% of which was cessation 

of anti-platelet alone or both the anti-platelet and warfarin) in response to bleeding was 

associated with a persistence of bleeding events during HMII support.9 However, in 

comparison with previous studies with concurrent ASA administration, the European 

TRACE study reported that during HMII pump support, reduced anti-thrombotic therapy 
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with vitamin K antagonist monotherapy led to a lower rate of bleeding.10 Importantly, pump 

thromboses and ischemic strokes with warfarin monotherapy were not higher than in 

previous studies with the use of both ASA and vitamin K antagonists.10 In contrast, the 

ENDURANCE trial noted that usual-dose ASA (325 mg) was required to decrease the risk 

of thrombotic events (ischemic strokes) in comparison with lower-dose ASA during HVAD 

support, underscoring that anti-thrombotic therapy requires individualization to the device 

type during mechanical circulatory support.11

Investigating the burden of HRAEs with reduced anti-platelet therapy during HM3 support, 

Consolo et al12 reported their findings from a multicenter, observational study conducted in 

Italy. In this study, HM3-implanted patients with a post-operative bleeding event or an HAS-

BLED score ≥4 (n = 7) were discharged on oral anti-coagulation alone with an INR goal of 

2–2.5, whereas those with an HAS-BLED score <4 received ASA 100 mg daily in addition 

to a vitamin K antagonist (INR goal: 2–2.5). During a follow-up period of 645 (range: 431–

802) days, no thrombotic events were observed in either group, yet 39% of patients on ASA 

experienced bleeding events whereas no bleeding was observed in patients off ASA with a 

therapeutic INR.12 In another retrospective analysis of 43 patients with 1-year follow-up 

post-HM3 implant, no thrombotic events occurred after discontinuation of ASA.13 In the 

HM3 ELEVATE registry, which recommended use of lower-dose (81–100 mg) ASA, 2-year 

major bleeding (32%) and stroke (9%) events were comparable to either usual- or low-dose 

ASA groups in our cohort.14,15

The preceding studies provide increasing rationale for investigating the potentially beneficial 

role of reducing anti-platelet therapy to decrease bleeding events during HM3 pump support. 

Although our study specifically excluded patients off ASA, the lack of association between 

ASA dose and HRAEs as well as between individual component bleeding and thrombotic 

events could also point to a limited role of ASA therapy during HM3 support. Such a 

hypothesis would be consistent with mechanistic studies showing reduced efficacy of ASA 

for decreasing platelet activation during the high shear conditions of mechanical circulatory 

support.16 Collectively, these results call into question whether ASA therapy provides any 

meaningful therapeutic effect in HM3-treated patients and highlight the need to definitively 

determine the clinical necessity of ASA therapy with ongoing vitamin K antagonist during 

HM3 support. The prospective, randomized, double-blind, placebo-controlled, international 

ARIES HM3 (anti-platelet Removal and Hemocompatibility Events with the HM3 Pump) 

trial will provide a definitive answer to this question (https://clinicaltrials.gov/ct2/show/

NCT04069156).

Limitations

This investigation has several limitations. In this unplanned analysis of the MOMENTUM 3 

trial, groups on usual-dose or low-dose ASA may not have been large enough to achieve 

adequate power to detect differences in HRAEs. However, because of a nearly equivalent 

likelihood of HRAEs between the ASA groups, the probability of a type II error is low. 

Next, during the course of the trial, patients may have changed their ASA dose or even 

stopped ASA at the discretion of treating physician. Thus, our findings represent the effects 

of originally intended therapy and do not reflect longitudinal use of ASA therapy. Selection 
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bias as a result of confounding by indication may also have occurred in the primary analysis, 

which excluded patients not receiving either ASA 81 mg daily or 325 mg daily. To reduce 

this exclusion bias, a sensitivity analysis was done to include more HM3 patients with 

intermediate dose of ASA regimens, and no difference in the occurrence of HRAEs was 

detected. Finally, this study does not sufficiently account for the clinical rationale for 

choosing a usual- or low-dose ASA strategy in each patient.

Conclusions

In summary, in this exploratory analysis of the MOMENTUM 3 trial, usual- (325 mg daily) 

or low-dose (81 mg daily) ASA revealed similar rates of survival free of HRAEs and 

specific bleeding or thrombotic events in HM3 LVAD-supported patients. Thus, both usual- 

and low-dose ASA may have similar safety and efficacy during HM3 support. Whether ASA 

may be completely avoided in patients treated by the HM3 LVAD remains undetermined.
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Figure 1. Consort diagram showing the derivation of usual-dose (325 mg) and low-dose (81 mg) 
ASA groups with HM3.
ASA, aspirin; DAPT, dual anti-platelet therapy; DPO, days post op; HM3, HeartMate 3; 

HRAE, hemocompatibility-related adverse event.
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Figure 2. Comparison of INR at (a) the time of HRAE and (b) throughout the study follow-up 
period in HM3 patients on usual-dose (325 mg) and low-dose (81 mg) ASA.
ASA, aspirin; HM3, HeartMate 3; HRAE, hemocompatibility-related adverse event; INR, 

international normalized ratio.
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Figure 3. Cumulative survival free from HRAEs during HM3 support in patients on usual-dose 
(325 mg) and low-dose (81 mg) ASA.
ASA, aspirin; HM3, HeartMate 3; HRAE, hemocompatibility-related adverse event.
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Figure 4. Cumulative survival free from (a) hemorrhagic and (b) thrombotic events during HM3 
support in patients on usual-dose (325 mg) and low-dose (81 mg) ASA.
ASA, aspirin; HM3 HeartMate 3.
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Figure 5. Cumulative survival free from HRAEs in HM3 patients on (a) ASA ≥325 mg daily vs 
ASA <325 mg daily and on (b) ASA ≤81 mg daily vs greater than 81 mg daily of ASA.
ASA, aspirin; HM3, HeartMate 3; HRAE, hemocompatibility-related adverse event.
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