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BACKGROUND: The HeartMate 3 left ventricular assist system is engineered to avoid pump thrombosis,
yet bleeding complications persist. We investigated the safety of low-intensity anti-coagulation in
patients with the HeartMate 3.
METHODS: The Minimal AnticoaGulation EvaluatioN To aUgment heMocompatibility (MAGENTUM
1) pilot study is a prospective, single-arm study of low-intensity warfarin anti-coagulation in patients
implanted with the HeartMate 3 pump. After standard warfarin anti-coagulation (international
normalized ratio [INR] 2.0 to 3.0) and aspirin for 6 weeks post-implant, patients were transitioned to
a lower INR target range of 1.5 to 1.9. The primary end-point was a composite of survival free of pump
thrombosis, disabling stroke (modified Rankin score [MRS] 43), or major bleeding (excluding peri-
operative bleeding) with at least 6-month post-implant follow-up. Time in therapeutic range (TTR) was
measured to assess anti-coagulation target efficacy using the Rosendaal method. A safety algorithm to
monitor for signs of pump thrombosis was developed and implemented.
RESULTS: We enrolled 15 patients (mean age 57.3 ± 13.3 years), 13 men with advanced heart failure
(67% with INTERMACS Profiles 2 or 3), irrespective of therapeutic goal of bridge-to-transplant or
destination therapy. The primary end-point was met in 14 of 15 (93 ± 6%) patients; 1 patient developed
recurrent gastrointestinal bleeding. The TTR during the reduced anti-coagulation phase (6 weeks to
6 months) was 75.3 ± 8.6%. No thrombotic events occurred.
CONCLUSIONS: This pilot study suggests low-intensity anti-coagulation targeting an INR between
1.5 and 1.9 is achievable and safe with the HeartMate 3 cardiac pump in the short-term phase, 6-months
post-implant. A large-scale trial is now warranted.
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The use of anti-platelet and anti-thrombotic therapy is a
mainstay in left ventricular assist systems (LVAS) to
mitigate complications such as pump thrombosis or
systemic thromboembolism.1–3 Typically, an anti-platelet
agent, such as acetylsalicylic acid, and a vitamin K
antagonist are used in therapeutic doses with the interna-
tional normalized ratio (INR) targeted to 2.0 to 3.0. This
approach, although effective, tilts the adverse effect profile
toward surgical and non-surgical bleeding-related compli-
cations. As elderly patients are implanted with such devices
for destination therapy with increasing frequency, bleeding
complications have risen, largely due to coexisting morbid-
ity.4 Any attempt at reduction in anti-coagulation intensity is
usually met with clinical concern for an increased risk of
pump thrombosis and stroke with current devices, although
this has not been systematically investigated.

The HeartMate 3 (HM3) LVAS (Abbott, Chicago, IL) is
a continuous centrifugal–flow device with a fully magneti-
cally levitated rotor, engineered with wide blood-flow paths
and intrinsic pulsatility facilitated by speed changes of the
rotor at fixed programmed intervals. In a series of
experiences from Europe and the United States, this LVAS
has shown absence of pump thrombosis (de novo; occurring
within the pump) in the short term at 6 months.2,3 However,
these benefits have been observed in the setting of
therapeutic use of aspirin and standard vitamin K antagonist
anti-coagulation targeting an INR of 2.0 to 3.0. Encouraged
by this early experience, we hypothesized that a lower
intensity anti-coagulation range than that used currently may
be employed with the HM3 LVAS, and this may reduce
bleeding-related adverse events, without increasing throm-
boembolic complications. Thus, the Minimal Anti-coaGu-
lation EvaluatioN To aUgment heMocompatibility
(MAGENTUM 1) study was designed as a pilot trial to
study feasibility and safety of a strategy to reduce anti-
coagulation goals (INR 1.5 to 1.9) in stable patients
supported with the HM3 LVAS, with closely monitored
clinical surveillance and a structured anti-coagulation
management protocol.
Methods

Study design

MAGENTUM 1 is a prospective, single-center, single-arm trial to
evaluate safety and feasibility of a low-intensity anti-coagulation
regimen in patients implanted with the HM3 LVAS. Low-intensity
anti-coagulation was defined as a target INR of 1.5 to 1.9 (reduced
from the standard target of 2.0 to 3.0 for HM3) starting at 6 weeks
post-implant. The primary end-point of the study was survival free
of pump thrombosis, disabling stroke (modified Rankin score
[MRS] 43), and major bleeding with at least 6 months of
post-implant follow-up, measured during the low-intensity
anti-coagulation phase. All adverse events, principally those in
the hemocompatibility (thrombosis and bleeding) domain, were
collected as secondary end-points. Adequacy of anti-coagulation
during the low-intensity phase was ascertained by calculating the
time in therapeutic range (TTR) using the Rosendaal method. The
trial is registered on ClinicalTrials.gov number NCT03078374.

Patients receiving the HM3 LVAS, irrespective of intended
goal of therapy (either bridge to transplantation or destination
therapy), were enrolled. The institutional ethics committee
approved the protocol for a 6-month follow-up. Once patients
reached the 6-month pre-specified goal of follow-up, the steering
committee extended the follow-up to 12 months, with a conditional
extension within the cohort for the entire duration of support on the
HM3 (institutional ethics committee approval was also obtained).
This strategy facilitated a safety measure in case futility of the
approach was demonstrated during the initial phase of low-
intensity anti-coagulation.

The trial was conducted at the Institute for Clinical and
Experimental Medicine (IKEM), Prague, after design input from
collaborators at Brigham and Women’s Hospital/Harvard Medical
School and Abbott. All adverse events were reviewed by the
steering committee (IKEM and Brigham and Women’s Hospital/
Harvard Medical School) of the trial during weekly review of the
trial. Data were collected and maintained by the study team at
IKEM; the Brigham and Women’s team reviewed and analyzed the
data to calculate anti-coagulation efficacy, per protocol. The
authors had access to the data and vouch for the completeness and
accuracy of the data and the analyses.

Study conduct

Consecutive patients surgically implanted with the HM3 were
managed based on institutional standard-of-care procedures and
screened for study enrollment. Individuals who met study criteria
and provided informed consent were enrolled. The reduced anti-
coagulation regimen was commenced 6 weeks post-implant (on
post-operative day [POD] 43). For details see the CONSORT
diagram (Figure 1).

Study enrollment

The observation period of 6-week post-HM3 implantation was
chosen to ensure clinical stability with anticipated discharge to the
ambulatory setting. In addition, anti-coagulation management
compliance was evaluated to ensure that patients could adhere to
the rigorous follow-up, as judged by the principal investigator.

Exclusion criteria were a pre-implant history of major
thrombotic event (e.g., deep vein thrombosis, pulmonary embo-
lism); presence of any artificial valve prosthesis, except biological
aortic valve; persistent atrial fibrillation or atrial flutter not
amenable to left atrial appendage resection/exclusion; and
hemodynamically significant or symptomatic carotid artery
stenosis. All patients were tested before enrollment for such major
hypercoagulable disorders by assessing Factor V Leiden, Pro-
thrombin G20210A, anti-phospholipid syndrome, and lupus anti-

http://ClinicalTrials.gov


Figure 1 Study CONSORT diagram. *One BTT not enrolled due to clinician preference.
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coagulant. Of note, presence of known hypercoagulable disorder
did not affect enrollment nor the therapeutic strategy (unless a
previous thromboembolic event history was identified).
Anti-coagulation management

Post-implant, all patients were bridged with unfractionated heparin
until target anti-coagulation with warfarin was reached. Based on
the standard anti-thrombotic regimen, all patients were maintained
with a target INR of 2.0 to 3.0 for the first 6 weeks. Each patient
received anti-platelet therapy (acetylsalicylic acid 100 to 200 mg)
beginning on POD 3. If INR dropped below the therapeutic range,
low-molecular-weight heparin was used until therapeutic range was
restored.

Standardized warfarin management was based on a protocol
established at Brigham and Women’s Hospital/Harvard Medical
School (refer to sections S1 to S3 in Supplementary Material
available online at www.jhltonline.org). A dedicated inter-institu
tional expert team, which included the study site’s clinical
pharmacist responsible for anti-coagulant dosing, was established
to provide protocol-based INR management. The TTR was
calculated using the Rosendaal method5 as a measure of the
efficacy of this anti-coagulation management strategy. INR testing
was performed using venipuncture samples in a certified laboratory
facility at least once per week throughout follow-up. Home INR
point-of-care testing was not allowed in this study.

Safety measures

A safety algorithm to detect and manage pump thrombosis based
on the patient’s individual lactate dehydrogenase (LDH) profile
and device log files analysis was developed and implemented as
depicted in section S4 (refer to Supplementary Material online).

Adverse event definitions

Standard Interagency Registry for Mechanically Assisted Circu-
latory Support (INTERMACS) definitions (version 3.0, www.
intermacs.org) for adverse events were utilized. Pump thrombosis
and stroke events were subject to immediate reporting and
adjudication by the steering committee to determine safety of
continuation of the study.

http://www.jhltonline.org
http://www.intermacs.org
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Table 1 Demographics and Baseline Characteristics

Age [median (range)], years 61 (18 to 72)
Male sex 13 (87)
BMI (kg/m2) 26.6 ± 2.7
Ischemic etiology 8 (53)
Indication
Bridge to transplant 5 (33)
Bridge to candidacy 5 (33)
Destination therapy 5 (33)

INTERMACS profile
Profile 2 3 (20)
Profile 3 7 (47)
Profile 4 3 (20)
Profile 5 2 (13)

Cardiac index (liters/min/m2) 1.6 ± 0.4
LVEF (%) 22 ± 4
Atrial fibrillation 5 (33)
TIA or stroke 2 (13)
Pre-existing aortic bioprosthesis 1 (7)
Prior sternotomy 3 (20)

Values expressed as number (%) or mean ± standard deviation,
unless otherwise stated. BMI, body mass index; INTERMACS, Inter-
agency Registry for Mechanically Assisted Circulatory Support; LVEF, left
ventricular assist device; TIA, transient ischemic attack.
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Statistical analysis

Categorical data are presented as both number and percent (%),
whereas continuous variables are presented as mean ± standard
deviation (SD). Time in therapeutic range was calculated using the
Rosendaal interpolation method, presented as a percentage of days
within range for each patient and as mean ± standard deviation
(SD) for individual patients. The center TTR was calculated as the
TTR for all values. TTR was calculated in the early 6-week post-
implant phase for the target range 2.0 to 3.0, and then during the
low-intensity anti-coagulation period. We excluded INRs from the
TTR calculation during initial heparin bridging and during
transition to the lower INR target per convention to allow clear
distinction and separation of the switch in target INR ranges.6

The second INR measurement that was within the INR range
after discontinuing heparin and after transitioning to the lower
target range were used as the starting point for TTR calculations for
the different INR target ranges. No other INR values were
excluded from the individual or center TTR calculations, including
INR values when patients required outpatient low-molecular-
weight heparin (LMWH) bridging for sub-therapeutic INR.
Uncensored TTR results are also calculated and reported in
Table S5 (refer to Supplementary Material online). Actuarial
analysis was conducted using the Kaplan–Meier plot estimate
method to evaluate clinical outcomes after reduction in anti-
coagulation. All outcomes and adverse events were evaluated
through at least 6 months post-implant or last available follow-up.
Results

Patients’ characteristics

Fifteen (n ¼ 15) patients were implanted between
November 30, 2016 and September 4, 2017, which included
13 men, all Caucasian, with a mean age of 57.3 ± 13.3
(range 18 to 72) years. Patients were distributed equally
among bridge to transplantation, bridge to candidacy, and
destination therapy (5 patients each); had INTERMACS
Profiles of 2 or 3 (67%); and a mean cardiac index 1.6 ±
0.4 liters/min/m2. Heterozygous Factor V Leiden mutation
was found in 1 patient without a history of thromboembolic
events. Patients were implanted via the sternotomy approach
in 12 of 15 (80%) cases and via left thoracotomy in 3 of 15
(20%) cases. Left atrial appendage exclusion was performed
in 5 patients (33%) using the Atriclip device (Atricure,
Mason, OH). Detailed baseline characteristics and pre-
operative risk factors are summarized in Table 1. All
patients provided informed consent and completed a
minimum of 6 months of post-implant follow-up.
Trial experience

The median primary hospitalization was 29 (range 11 to 62)
days. Rehospitalizations, for any reason, occurred in 7 of the
15 (47%) patients for a median of 20 (range 6 to 54) days
within the first 6 months of follow-up. The median follow-
up duration for all patients was 342 (range 182 to 410) days.
Patients spent a median of 133 (range 83 to 162) days out of
the hospital within the first 6 months post-implant. For
additional details see Table S6 (refer to Supplementary
Material online).

Bridging for a sub-therapeutic INR was performed on 14
of 15 (93%) patients within the low-intensity anti-coagu-
lation phase of the trial. Further details regarding LMWH
bridging are presented in Table 2. Supra-therapeutic INR
readings were found in all patients and accounted for 130 of
the 930 (14%) INR readings.

Two patients had high baseline LDH: 1 patient (M1-04),
with a baseline LDH 707 U/liter, had a partially dehisced
mitral valvuloplasty ring resulting in hemolysis, and the
second patient (M1-08), with an LDH 701 U/liter, had a
confirmed history of Danon disease, which results in elevated
LDH. LDH profiles excluding these 2 outliers are shown in
Figure S7 (refer to Supplementary Material online).

The primary end-point of survival free of pump
thrombosis, disabling stroke, and major bleeding was
reached in 93 ± 6% of the patients (Figure 2A). No patients
died, underwent transplant, or were explanted due to
myocardial recovery within 6 months of implant. No (0%)
neurologic complications (transient ischemic attack, seizure,
or disabling stroke) were observed within 6 months of
implant. Both hemocompatibility-related7 and overall ad-
verse events are presented in Table 3.
Hemocompatibility-related adverse events

No (0%) episodes of clinically relevant hemolysis were
noted. In 1 patient (M1-09), an episode of suspected
gastrointestinal bleeding with a drop in hemoglobin was
encountered on POD 119 with a recurrent event on POD
210. In the first event, the patient presented with anemia
(hemoglobin 4.9 g/dl) and an elevated INR of 3.34. The
patient was transfused with 3 units of packed red blood



Table 2 Details of Anticoagulation Management: TTR and Bridging for Low INR

INR Range: 1.5 – 1.9

Bridging with LMWH for Low INR6 weeks - 6 months

Magentum ID Sex Age Indication TTR % Time Above 1.8 Instances of Bridging (total days)

M1-01 M 60 BTC 56.4% 58.7% 2 (11)
M1-02 M 60 BTT 80.5% 18.5% 3 (4)
M1-03 M 50 BTT 80.6% 8.8% 4 (15)
M1-04 M 61 BTC 86.5% 26.9% 1 (2)
M1-05 F 51 BTT 67.2% 30.8% 3 (5)
M1-06 M 69 DT 81.9% 19.0% 1 (3)
M1-07 M 67 DT 77.2% 20.7% 3 (11)
M1-08 M 18 BTT 76.4% 23.1% 1 (3)
M1-09 M 64 BTT 65.4% 42.3% 2 (10)
M1-10 F 41 BTC 74.2% 22.2% 1 (4)
M1-11 M 64 DT 74.0% 21.6% 1 (5)
M1-12 M 72 DT 80.1% 12.1% 2 (14)
M1-13 M 50 BTC 77.8% 8.0% 3 (15)
M1-14 M 65 BTC 88.4% 20.3% 0 (0)
M1-15 M 67 DT 62.0% 45.6% 2 (8)

Mean 75.3% 25.2%
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cells, aspirin therapy was reduced from 200 to 100 mg/day,
and the INR target reduced to a target close to 1.5. No
source of active bleeding was found on gastroscopy,
colonoscopy, or capsule enteroscopy, although internal
hemorrhoids were observed. Upon re-admission for recur-
rent bleeding, the patient was treated with further reduction
in anti-coagulation and use of octreotide, and subsequently
underwent a successful transplant (refer to section S8 in the
Supplementary Material online).

Anti-coagulation management

The center TTR in the reduced anti-coagulation phase from
6 weeks post-implant through Month 6 was 75.3 ± 9.0%
(56.4% to 88.4%); individual patient TTR results are shown
in Figure 2B and Table 2. Ability to achieve and maintain
Figure 2 Primary end-point: event
the INR target range of 1.5 to 1.9 throughout the full follow-
up is depicted in Figure 3. Over 67% of all INR values in the
low-intensity INR range fell between 1.5 and 1.9 for full
patients follow-up. The uncensored center TTR value and
uncensored individual TTR results are presented in Table S5
in the Supplementary Material online.

Safety monitoring—pump thrombosis and LDH
algorithm

The safety algorithm was activated a total of 3 times in
2 patients, both presenting with elevated baseline LDH
within the first 6 months. Beyond 6 months, safety
monitoring was performed in 2 patients (once each). The
first patient (M1-08) was among the 2 patients with elevated
baseline LDH. The second patient (M1-02) presented at
-free survival and patient TTRs.



Table 3 Adverse Events

Patient Sex Age Indication Hemocompatibility Related Adverse Events All Other Adverse Events

1 M 60 BTC none none
2 M 60 BTT none Ventricular Arrhythmia (66, 283 POD)
3 M 50 BTT none Driveline Infection (28, 126 POD)
4 M 61 BTC none Urinary Tract Infection (49 POD)
5 F 51 BTT none none
6 M 69 DT none Hematoma in Urinary Bladder (17 POD)
7 M 67 DT none Revision for Cardiac Tamponade (13 POD)

Infection – Sternotomy (102, 147, 239, 341 POD)
8 M 18 BTT none none
9 M 64 BTT Suspected GI Bleeding (119, 210 POD) none
10 F 41 BTC none none
11 M 64 DT none Ventricular Tachycardia, Cardioversion (2 POD)
12 M 72 DT none Respiratory Failure (8 POD)

Urinary Tract Infection (29, 106 POD)
13 M 50 BTC none none
14 M 65 BTC none Urinary Tract Infection (3 POD)

Gout (37 POD)
Enlarged prostate resulting in TURP (49 POD)

15 M 67 DT none Driveline Infection (135 POD)
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POD 229 with INR of 1.49 and LDH 341 U/liter, which was
elevated relative to the post-clinical course (between 174
and 252 U/liter), but not relative to baseline (341 U/liter).
Transthoracic echocardiography was normal and log-file
interrogation was negative. The patient was bridged with
LMWH according to the study protocol. Control LDH level
at 2 days after was 294 U/liter. No additional complications
were noted through POD 413. Safety monitoring detected
no thrombosis-related adverse events.

Discussion

The MAGENTUM 1 pilot trial with the HM3 LVAS
suggests that low-intensity anti-coagulation is feasible
within a narrow INR range (1.5 to 1.9), and is not associated
with an increase in thromboembolic complications, espe-
cially pump thrombosis, in a group of closely monitored and
managed patients.

Reported rates of pump thrombosis at 12 months for
patients implanted with commonly used LVASs are 6% to
12% for axial-flow pumps8,9 (HeartMate II LVAS) and 8%
Figure 3 Proportion of INR values at various levels, with target INR 1
representing 0.42% of measurements).
with hydrodynamic centrifugal-flow devices10,11 (Heart-
Ware HVAD, Medtronic, Minneapolis, MN). In contrast,
recent observations from both a single-arm study at 2 years12

and a randomized trial at 6 months3 with the HM3 LVAS, a
magnetically levitated centrifugal-flow assist device, re-
ported absence of de novo pump thrombosis. Similarly, an
observational study showed greater preservation of von
Willebrand high-molecular-weight multimers with the HM3
LVAS as compared with the HeartMate II device.13

However, these attributes have not translated into decreased
incidence of non-surgical bleeding during LVAD support,
and the incidence of gastrointestinal bleeding at 6 months
was similar and unchanged in a randomized trial experience
comparing the centrifugal-flow HM3 and axial-flow Heart-
Mate II LVAS (15.9% for both devices). Thus, a clinical
rationale to reduce anti-coagulation targets exists for the
HM3 LVAS; however, there is concern that the observed
benefit of a low rate of pump thrombosis may be attenuated
if such an approach were adopted.

Anti-platelet agents are used to provide not only
rheologic but also anti-inflammatory effects.14 Controversy
.50 to 1.90 (INR measurements43.0 were excluded in 4 instances,
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reigns with their use and whether they represent a critical
component of therapy.15 However, knowledge of their
mechanistic utility remains incomplete in the context of
LVAS and recent studies have suggested that platelets
activate differentially in various clinical contexts and such
activation, as assessed by the platelet activity assay, may
correlate with thrombotic outcomes.16 Furthermore, in the
centrifugal-flow HeartWare HVAD pump, correlations with
reduced anti-platelet therapy and heightened risk of
ischemic stroke have emerged.17 Thus, we chose to maintain
anti-platelet therapy so that we could reliably investigate
one component of the anti-thrombotic regimen, decreasing
the INR target range.

Management of anti-coagulation and maintenance of the
INR in a therapeutic range remains challenging. Poor INR
control (TTR o60%) is typically the norm in patients with
LVAS and there is emerging evidence that better control (as
adjudicated by TTR 460%) is associated with a reduced
risk of thromboembolic and bleeding complications.18 A
multidisciplinary initiative to optimize anti-coagulation
practice, by establishing a standardized anti-coagulation
management protocol, standardizing INR target ranges, and
integrating a clinical pharmacist as a consultant into the care
team, improves the TTR achieved in patients implanted with
an LVAS.19 In MAGENTUM 1, we adopted protocol-
based, centralized management, developed at Brigham and
Women’s Hospital/Harvard Medical School. This INR
management protocol was implemented at the study center
in Prague, with patient warfarin management by a dedicated
anti-coagulation–trained clinical pharmacist, to ensure a
strictly controlled multidisciplinary initiative. In this study,
we measured INR weekly exclusively with venipuncture
samples at a certified laboratory and adjusted the warfarin
dose according to the INR management protocol. To ensure
safety, we did not allow use of point-of-care testing at home
due to the reported inaccuracy of such systems, where a
difference of 0.4 to 0.8 in INR for home monitoring is
commonly reported.20 We addressed 2 other potential safety
concerns within the study. First, in patients with baseline
atrial fibrillation, we uniformly performed left atrial
appendage exclusion and patent foramen ovale closure, if
detected. Second, we established a structured algorithm for
biomarker surveillance of LDH and an early alert system
using clinical and advanced LVAS interrogation parameters,
as we reported in a previous study.21

Limitations to this single-center, prospective feasibility
study include the small number of patients and the tightly
monitored and controlled anti-coagulation management
algorithm that achieved a high center TTR. We encountered
a greater frequency of supra-therapeutic INRs that required
adjustment as compared with sub-therapeutic range INRs.
This may reflect: (a) the lower limit INR being closer to
what would be considered a “normal” INR; (b) the inherent
variability in pharmacokinetics and pharmacodynamics of
warfarin dosing; (c) the impact of lifestyle changes such as
exercise and dietary patterns; and (d) interceding illnesses
(such as an infection) or drug–drug interactions. We were
unable to discern a clear pattern in the time-curves for supra-
therapeutic INRs; however, we did find that this occurred
only 14% of time. A center TTR of ≥66% is considered
excellent and has served as a benchmark for warfarin
management in trials of atrial fibrillation with direct
thrombin inhibitors or direct factor Xa inhibitors compared
with vitamin K antagonists. A meta-analysis of all such
trials22 demonstrated that, once TTR increases, the advan-
tages of direct thrombin inhibitors or direct factor Xa
inhibitors compared with vitamin K antagonists decreases
significantly. Furthermore, there are concerns about general-
izability outside the controlled trial environment and it
would be unwise to translate these preliminary pilot findings
into routine clinical practice. Reproducibility and safety
within larger patient cohorts will be required before these
early findings can be adopted.

In conclusion, the results of this pilot study demonstrate
feasibility and short-term safety at 6 months for use of
closely monitored low-intensity anti-coagulation with a
target INR range of 1.5 to 1.9 in patients implanted with the
HM3 LVAS. We believe that this investigation has
established the rationale for a large-scale, randomized,
controlled clinical trial to test the clinical utility of low-
intensity anti-coagulation with the HM3 LVAS on hemo-
compatibility-related adverse effects.
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Appendix A. Supporting information

Supplementary data associated with this article can be found
in the online version at www.jhltonline.org.
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