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Time in Therapeutic Range Significantly Impacts Survival  
and Adverse Events in Destination Therapy Patients

Gregory P. Macaluso ,* Francis D. Pagani ,† Mark S. Slaughter ,‡ Carmelo A. Milano ,§ Erika D. Feller ,¶  
Antone J. Tatooles,* Joseph G. Rogers,∥ and Georg M. Wieselthaler #      

The study aim was to examine the impact time in thera-
peutic range (TTR, International Normalized Ratio [INR]  
2.0–3.0) has on survival and adverse events in patients receiv-
ing the HeartWare HVAD System in the ENDURANCE and 
ENDURANCE Supplemental Trials. Evaluable subjects (n = 495)  
had >1 INR value recorded 1–24 months postimplant and 
were categorized as: low TTR (10–39%), moderate TTR 
(40–69%), and high TTR (≥70%). Baseline characteris-
tics, adverse events, and survival were analyzed. Low TTR 
patients experienced higher rates of major bleeding (1.69 vs. 
0.54 events per patient year [EPPY]; p < 0.001), GI bleeding 
(1.22 vs. 0.38 EPPY; p < 0.001), stroke (0.47 vs. 0.17 EPPY;  
p < 0.001), thrombus requiring exchange (0.05 vs. 0.01 EPPY; 
p = 0.02), infection (1.44 vs. 0.69 EPPY; p < 0.001), and renal 
dysfunction (0.23 vs. 0.05 EPPY; p < 0.001) compared with 
high TTR. Moderate TTR had higher rates of major bleeding 
(0.75 vs. 0.54 EPPY; p < 0.001), thrombus requiring exchange 
(0.05 vs. 0.01 EPPY; p = 0.007), cardiac arrhythmia (0.32 
vs. 0.24 EPPY; p = 0.04), and infection (0.90 vs. 0.69 EPPY;  

p = 0.001) compared with high TTR. Two year survival was 
greater among moderate and high versus low cohorts (Log-rank 
p = 0.001). The significant reduction in morbidity and mortality 
in destination therapy (DT) HVAD patients with well-controlled 
TTR (≥70%) emphasizes the importance of vigilant anticoagu-
lation management. ASAIO Journal 2022; 68;14–20
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Heart failure (HF) prevalence continues to rise in the United 
States with an estimated 6.5 million adults afflicted with the 
disease.1 Left ventricular assist device (LVAD) therapy for end-
stage HF patients has increased over the past decade in both 
bridge-to-transplant (BTT) patients awaiting heart transplan-
tation and DT patients ineligible for heart transplantation.2–5 
Because of the need for chronic anticoagulation therapy on 
LVAD support in tandem with other underlying comorbidities, 
thromboembolic and hemorrhagic complications remain a 
common cause of morbidity and mortality in these patients.6–9

Continuous-flow LVADs are typically implanted through the 
left ventricular apex and move blood systemically via a spin-
ning impeller. The combination of blood-contacting prosthetic 
material, shear force generated by the spinning impeller, and 
potential blood stasis around the inflow cannula gives rise to a 
procoagulant milieu, increasing the risk for thromboembolism.10  
Anticoagulation and antiplatelet therapies are used to mitigate 
the risk of thromboembolism. However, there is a delicate 
balance between bleeding and thrombosis that must be met 
to achieve long-term safety and to avoid hemocompatibility-
related adverse events (HRAEs).11

Anticoagulation with vitamin K antagonists (VKA) is the 
standard of care for minimizing HRAE in LVAD patients and is 
typically started early in the postoperative phase once surgical 
bleeding has subsided. Once VKA therapy is initiated, the inten-
sity of therapy is measured by the international normalized ratio 
(INR) with the standard INR goal of 2.0–3.0. As LVAD patients 
spend most of their time outside of the hospital setting, it is dif-
ficult to determine whether a patient remains within INR goal 
longitudinally. Rosendaal et al.12 developed a method to deter-
mine the amount of time patients remain within the desired INR 
goal, also known as the time in therapeutic range (TTR). Taking a 
patient’s individual INR results and assuming the change between 
values is linear, one can determine the percentage of time a 
patient is within the targeted range between each INR check.12,13  
Thus, the quality of anticoagulation management can be evalu-
ated by measuring TTR. Evidence has shown an increased risk of 
both thrombosis and bleeding events when the TTR decreased 
in the months before these events.14,15 A meta-analysis of TTR in 
LVAD patients revealed a mean TTR of only 46.5%, highlighting 
the difficulties associated with maintaining goal anticoagulation 
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levels and their contribution to the high rates of bleeding and 
thromboembolic complications.16

A better understanding of the morbidity and mortality 
related to the maintenance of TTR remains an important clini-
cal question for LVAD patients. The HeartWare HVAD System 
(Medtronic, Minneapolis, MN) is a centrifugal flow pump with 
hybrid magnetic and hydrodynamic suspension of the impeller 
that was approved by the Food and Drug Administration (FDA) 
for both BTT and DT indications, as well as both sternotomy and 
thoracotomy surgical implant approaches.17–21 Manufacturer 
Instructions for Use recommends long-term oral anticoagula-
tion therapy using warfarin, to maintain an INR goal between 
2.0 and 3.0, and aspirin, usually 325 mg daily.22 Two multivari-
able analyses of the HVAD System identified the INR value as 
an independent risk factor for pump thrombosis (INR < 2.0) 
and hemorrhagic cerebrovascular accidents (INR > 3.0).23,24 
The aim of this study was to determine the clinical impact of 
TTR in patients receiving the HeartWare HVAD System in the 
ENDURANCE and ENDURANCE Supplemental Trials.

Methods

Study Design and Definitions

The ENDURANCE and ENDURANCE Supplemental Trials 
have been previously reported.19,20 The ENDURANCE Trial was a 
multicenter, prospective, controlled, randomized, unblinded trial 
examining the safety and efficacy of the HVAD System compared 
with a control (HeartMate II Left Ventricular Assist System, HMII, 
Abbott Inc., Abbott Park, IL) in heart transplant ineligible, end-
stage HF patients (n = 296 HVAD patients).19 The primary endpoint 
was noninferiority and survival at 24 months alive on originally 
implanted device, free from disabling stroke, and free from 
explant for myocardial recovery or transplant. The ENDURANCE 
Supplemental Trial was a multicenter, prospective, controlled, ran-
domized, unblinded trial to determine the effects of blood pressure 
management on survival in DT patients with the HVAD System (n 
= 308 HVAD patients) compared with standard of care in the same 
control device (HMII).20 In both trials, INR blood tests were cap-
tured at baseline preimplant, at index hospitalization discharge, 
monthly from 1 to 24 months postimplant, and as needed with 
adverse events, targeting an INR within therapeutic range of 2.0–
3.0. Institutional Review Board approval and patient consent were 
obtained by the participating institutions before patient enrollment 
in the above listed clinical trials. Both studies were conducted in 
compliance with FDA regulations for Good Clinical Practices.

Study Sample

A total of 604 HVAD DT patients were analyzed. HeartMate 
II control subjects were not included in this analysis. Eligible 
patients (n = 495) were included in the study if they had >1 INR 
test result recorded 1–24 months postimplant. International 
normalized ratio values were included in the analysis as 
reported by the study protocol and included both phlebotomy 
lab draw and point-of-care testing. Patients were separated 
into three cohorts based on the percentage of time reported 
INR values were within the therapeutic range (2.0–3.0): low 
TTR (10–39% TTR), moderate TTR (40–69% TTR), and high 
TTR (≥70% TTR). Time in therapeutic range was calculated 
based on INRs reported from 1 to 24 months postimplant. It is 

important to note that out-of-range INRs could be either sub or 
supratherapeutic per the predefined INR goal range of 2.0–3.0.

Variables

The following baseline characteristics were assessed for each 
group: age, sex, race, Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) profile, ischemic 
HF, history of diabetes mellitus, atrial fibrillation, peripheral 
vascular disease, coronary artery disease, stroke, transient 
ischemic attack, hypertension, cardiopulmonary bypass (CPB), 
and concomitant tricuspid valve repair. The following baseline 
measurements were assessed for each group: body mass index, 
blood urea nitrogen, creatinine, total bilirubin, alanine amino-
transferase, aspartate aminotransferase, six-minute walk test, as 
well as the length of intensive care unit (ICU) stay postimplant.

Outcomes

Survival Analysis.  Survival was assessed by the Kaplan–
Meier method. For all studies, subjects were censored either 
at time of device explant due to pump exchange or removal 
for recovery, heart transplant, or at loss to follow up 2 years 
postimplant.

Adverse Events.  Adverse events were defined per the 
INTERMACS Version 3.0 Adverse Event Definitions and are 
reported as events per patient years (EPPY) through 2 years 
postimplant for all groups analyzed. Documented adverse 
events included major bleeding, stroke, thrombus requiring 
device exchange, cardiac arrhythmia, major infection, renal 
dysfunction, and right HF. Additionally, for patients who 
experienced an HRAE, defined as hemorrhagic cerebrovas-
cular attack (HCVA), ischemic CVA (ICVA), major bleeding, 
gastrointestinal (GI) bleeding, and thrombus requiring device 
exchange, from 1 to 24 months postimplant, TTRs in the 60 
days before that event were analyzed and compared with the 
TTR of patients who did not experience the event over the 
study period.

Statistical Analysis.  Descriptive statistics were used to eval-
uate baseline clinical and demographic characteristics. Results 
are reported as mean ± SD for continuous variables and as 
a percentage for binary variables. TTR was calculated using 
the Rosendaal linear interpolation method expressed as a per-
centage of observation time.11 Comparisons between the TTR 
groups were made with a two-sample t test for continuous vari-
ables and Fisher’s exact test for categorical variables. Adverse 
events are reported in EPPY and comparisons between the 
TTR groups were made with Poisson regression. Comparisons 
between TTR in 60 days before an event compared with TTR 
without an event were made with the Wilcoxon test. For all 
analyses, a p ≤ 0.05 was considered statistically significant. 
All statistical analyses were performed with SAS v.9.4 software 
(SAS Institute, Cary, NC).

Results

A total of 604 patients were implanted with the HVAD 
System in the combined ENDURANCE and ENDURANCE 
Supplemental trials. After excluding patients who had ≤1 
INR value recorded between 1 and 24 months postimplant, 
495 patients were eligible, with a total of 9,993 reported INR 
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results and a median of 23 INR results/patient in the 23 month 
follow-up period. Mean TTR calculations per patient revealed 
53 patients in the low cohort (10–39% TTR), 219 patients in 
the moderate cohort (40–69% TTR), and 223 patients in the 
high cohort (≥70% TTR). The percentage of time the INR checks 
were within or outside of the targeted 2.0–3.0 range was also 
determined (Table 1). Mean TTRs for each cohort were as fol-
lows: low 27.4%, moderate 57.2%, and high 81.3%. Out-of-
range INRs within each cohort were a combination of sub and 
supratherapeutic levels. When INRs fell outside of therapeutic 
range, they were most commonly below the specified INR goal. 
Additionally, the correlation between the number of INR checks 
and reported TTRs indicates a small trend toward an increased 
number of INR checks with increased TTR (Figure 1). Analysis 
of the concomitant aspirin therapy postimplant categorized as 
none, ≤81, 82–324, and ≥325 mg revealed relatively even dis-
tribution of mean aspirin dosages across the low TTR cohort, 
with the highest percentage of patients in the 82–324 mg range 
for the moderate and high TTR cohorts (Table 2).

Comparison of Baseline Characteristics Between High 
TTR Versus Low TTR and Moderate TTR Patients

Patients in the high TTR cohort were older (64.2 ± 12.0 vs. 
60.4 ± 11.8 years; p = 0.04), more likely to be white (74.9% vs. 
60.4%; p = 0.04), had a longer six-minute walk distance (128.7 
vs. 88.1 m; p = 0.05), and a shorter index ICU stay postimplant 
(9.5 vs. 14.0 days; p = 0.03) compared with patients in the low 
TTR cohort. Moderate TTR patients were more likely to have 
hypertension requiring medication (73.5% vs. 64.6%; p = 0.05) 
and were in the ICU for a longer duration postimplant (11.5 vs. 
9.5 days; p = 0.03) compared with high TTR patients (Table 3).

Comparisons of baseline characteristics between low TTR and 
moderate TTR cohorts can be found in Table 1, Supplemental 
Digital Content 1, http://links.lww.com/ASAIO/A705.

Comparison of Adverse Events Between High TTR 
Versus Low TTR and Moderate TTR Patients

Patients in the High TTR cohort had significantly 
lower 2 year rates of major bleeding (0.54 vs. 1.69 EPPY;  
p < 0.001), GI bleeding (0.38 vs. 1.22 EPPY; p < 0.001), HCVA 
(0.05 vs. 0.19 EPPY; p < 0.001), ICVA (0.12 vs. 0.28 EPPY;  
p = 0.002), thrombus requiring exchange (0.01 vs. 0.05;  
p = 0.02), major infection (0.69 vs. 1.44 EPPY; p < 0.001), 
renal dysfunction (0.05 vs. 0.23 EPPY; p < 0.001), and right 
HF (0.15 vs. 0.25, p = 0.04), when compared with patients 
in the low TTR cohort.

Patients in the high TTR cohort had significantly lower 2 
year rates of major bleeding (0.54 vs. 0.75 EPPY; p < 0.001), 
thrombus requiring exchange (0.01 vs 0.05 EPPY; p = 0.007), 
cardiac arrhythmia (0.24 vs. 0.32 EPPY; p = 0.04), ventricular 
arrhythmia (0.14 vs. 0.22 EPPY; p = 0.009), and major infection  
(0.69 vs. 0.90 EPPY; p = 0.001) when compared with patients 
in the moderate TTR cohort (Table 4).

Comparisons of adverse events between low TTR and mod-
erate TTR cohorts can be found in Table 2, Supplemental 
Digital Content 2, http://links.lww.com/ASAIO/A706. Of note, 
subanalysis of postimplant mean arterial blood pressure (MAP) 
revealed no significant differences among the three cohorts 
during the 24 month follow-up (Table 5).

Figure 1. Fit plot: Number of INR Checks versus TTR 2.0–3.0. TTR, time in therapeutic range

Table 1.  Percentage of TTR Versus Sub or Supratherapeu-
tic Ranges per Study Cohort 1–24 Months Postimplant

TTR Cohort INR < 2.0 INR 2.0-3.0 INR > 3.0

Low TTR (10–39%) 57.9% 27.4% 14.8%
Moderate TTR (40–69%) 24.4% 57.2% 18.5%
High TTR (≥70%) 12.1% 81.3% 11.0%

TTR, time in therapeutic range.

http://links.lww.com/ASAIO/A705
http://links.lww.com/ASAIO/A706
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TTR Before HRAEs

It has been suggested that falling out of the therapeutic INR 
range may be a critical factor preceding an HRAE.19 Therefore, 
TTRs in the 60 days before a specific HRAE were compared 
with TTR from 1 to 24 months post-LVAD implant of patients 
who did not experience an HRAE. For those individuals who 
experienced an HCVA, the TTR in the 60 days leading up to the 
event was significantly lower than for those patients who did 
not have an HCVA (46.3 ± 34.9 vs. 64.0 ± 21.6, p < 0.001). 
Further analysis revealed that within 60 days of an HCVA, 
reported INRs were subtherapeutic 32.5% of the time and 
supratherapeutic 21.2% of the time (Tables 6 and 7).

Similarly, for patients who experienced an ICVA, the TTR in 
the 60 days leading up to the event was lower than for those 
patients who did not have an ICVA (62.7 ± 37.8 vs. 63.0 ± 21.9; 
p = 0.05), with subtherapeutic INRs 20.8% of the time, and 
supratherapeutic INR 16.5%. The TTR in the preceding 60 days 
before all other types of HRAE (GI bleeding, major bleeding, 
pump thrombus, and pump exchange due to thrombus) was not 
significantly different when comparing to the average follow-up 
TTR in patients who did not have an HRAE (Tables 6 and 7).

Survival

Kaplan–Meier survival analysis at 24 months postimplant 
between the low TTR compared with the moderate and 
high TTR groups was statistically different (low TTR: 61.7%  
versus moderate TTR: 72.4% and high TTR: 75.1%; log-rank  
p = 0.001). Survival was not different between moderate and 
high TTR groups (Figure 2).

Discussion

This retrospective analysis suggests that consistently maintain-
ing patients on the HVAD System within a prespecified INR goal 
range of 2.0–3.0 significantly improves survival and reduces 
adverse events. These adverse events, both non-HRAE and 
HRAEs, are often the result of the inability to maintain an appro-
priately anticoagulated state. This state depends on a patient’s 
response to anticoagulant therapy and can be disrupted by the 
presence of underlying conditions. Clinical management of anti-
coagulation in patients with infection, RV failure, renal failure, 
or liver dysfunction, which are often present in LVAD patients, 
may jeopardize the ability to maintain a therapeutic INR level. 
Furthermore, anticoagulation strategies and standardized pro-
tocols are vital to maintain a high TTR and to prevent poten-
tially life-altering complications that remain the Achilles heel of 
LVAD therapy. It has been suggested that a TTR <60% should be 
defined as poorly-controlled anticoagulation treatment for LVAD 
populations.25 Evidence from our review supports this finding as 
patients who achieved an even moderate TTR (40–69%) demon-
strated an increase in adverse events, including major bleeding 
and thrombus requiring pump exchange, compared with those 
with TTR ≥70%. Therefore, measuring and tracking an individ-
ual patient’s TTR can provide clinical benefit.

Table 3.  Baseline and Perioperative Characteristics of Patients in Low, Moderate, and High TTR Cohorts

Baseline Characteristics
Low TTR 10–39%  

(N = 53)
Moderate TTR 40–69%  

(N = 219)
High TTR > 70%  

(N = 223)
p (Low vs.  

High)
p (Moderate 

vs. High)

Age (years)* 60.4 ± 11.8 62.6 ± 11.2 64.2 ± 12.0 0.04 0.14
Female 20.8% 21.9% 21.1% >0.99 0.91
White 60.4% 71.7% 74.9% 0.04 0.45
BMI (kg/m2)* 28.2 ± 6.8 28.2 ± 5.9 27.5 ± 5.9 0.40 0.18
Diabetes mellitus 45.3% 49.3% 43.9% 0.88 0.29
Atrial fibrillation 52.8% 52.5% 49.8% 0.76 0.57
Peripheral vascular disease 11.3% 10.5% 10.3% 0.81 >0.99
Carotid artery disease 7.5% 12.3% 15.7% 0.19 0.34
Stroke/TIA 17.0% 18.3% 16.6% >0.99 0.71
Ischemic Heart Failure 60.4% 52.5% 53.4% 0.44 0.92
Hypertension, requiring medication 73.6% 73.5% 64.6% 0.26 0.05
BUN (mg/dl)* 26.5 ± 17.6 27.3 ± 13.7 25.8 ± 11.6 0.86 0.36
Creatinine (mg/dl)* 1.2 ± 0.4 1.4 ± 0.5 1.3 ± 0.4 0.21 0.10
Total bilirubin (mg/dl)* 0.9 ± 0.5 1.1 ± 0.7 1.0 ± 0.6 0.31 0.73
ALT (U/L)* 29.3 ± 18.4 38.1 ± 40.4 35.5 ± 42.2 0.11 0.50
AST (U/L)* 29.5 ± 11.7 32.7 ± 22.5 31.4 ± 21.5 0.39 0.51
Intermacs 1 7.5% 3.7% 2.2% 0.07 0.41
Intermacs 2 30.2% 27.4% 32.3% 0.87 0.30
Intermacs 3 39.6% 44.3% 44.4% 0.54 >0.99
Intermacs 4–7 22.6% 23.7% 20.6% 0.71 0.49
6MWT (m)* 88.1 ± 116.8 104.1 ± 127.6 128.7 ± 141.6 0.05 0.06
Perioperative characteristics      
  CPB (minutes)* 91.2 ± 37.5 83.0 ± 38.8 88.9 ± 45.0 0.73 0.14
  Concomitant tricuspid repair 26.4% 13.7% 16.6% 0.12 0.43
  ICU length of stay (days)* 14.0 ± 14.1 11.5 ± 11.0 9.5 ± 6.7 0.03 0.03

*Value provided as mean ± SD.
6MWT, six-minute walk test; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood 

urea nitrogen; CPB, cardiopulmonary bypass; ICU, intensive care unit; TIA, transient ischemic attack; TTR, time in therapeutic range.

Table 2.  1–24 Months Postimplant Mean Daily Aspirin  
Dose by TTR Cohort

TTR Cohort

Mean Daily Aspirin Dose

No ASA ≤81 mg 82–324 mg ≥325 mg

Low (10–39%) 24.5% 28.3% 26.4% 20.8%
Moderate (40–69%) 16.8% 17.7% 40.5% 25.0%
High (≥70%) 23.8% 11.2% 35.4% 29.6%

ASA, acetylsalicylic acid (aspirin); TTR, time in therapeutic range.
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Achieving a TTR of ≥70% can be challenging to achieve. 
This goal requires patient adherence to an individualized 
medication regimen, follow-up testing, provider attentiveness, 
and systems that can track TTR. All of these actionable events 
require a collaborative relationship to exist between patient 
and provider. Management of VKA and INR checks differ 
between VAD centers. Dose adjustments may or may not be 
protocol driven and can be managed by a registered nurse, 
an advanced practice provider, a pharmacist, or a physician. 
Frequency of testing can range from daily to monthly, depend-
ing on the practice patterns of the specific VAD center coupled 
with the patient’s adherence to these recommendations. In a 

study comparing a patient self-monitored INR check performed 
daily to a three times weekly strategy, the increased frequency 
of POC INR testing improved TTR and was associated with a 
decrease in HRAEs.25 Therefore, utilization of more frequent 
POC home INR monitoring may be a platform to improve 
TTR with proper clinical guidance. This study revealed a slight 
trend towards increased frequency of INR checks associated 
with higher TTR (Figure 2). More studies are needed on this 
aspect of anticoagulation management in this population.

VAD programs should analyze program practices and pro-
tocols to ensure optimal patient and INR monitoring to facili-
tate earlier identification and management of out-of-range INR 
results. Strategies to consider include protocolization of fre-
quency of INR testing, use of consistent testing method, stan-
dardized bridging or withholding of anticoagulation therapy for 
out-of-range TTR, and consideration of patient self-management 
and self-testing. In adult outpatients who had various indications 
for long-term VKA treatment, self-management and self-testing 
strategies resulted in fewer deaths and fewer thromboembolic 
events when compared with care by healthcare professionals, 
without risk of serious bleeding.26 Avoidance of HRAEs in LVAD 
patients is of utmost importance as these events often deprive 
patients of improved quality of life. Better understanding of 
factors that contribute to fluctuations in TTR may help further 
development of strategies to improve anticoagulation manage-
ment. More importantly, standardized and best practice man-
agement is needed for the VAD community as a whole.

Table 4.  Adverse Events Reported as Events per Patient Year 1–24 Months Postimplant per TTR Cohorts

Adverse Events

Low TTR
10–39%
(N = 53)

Moderate TTR
40–69%
(N = 219)

High TTR
≥70%

(N = 223)
p

(Low vs. High)
p

(Moderate vs. High)

Major bleeding 1.69 0.75 0.54 <0.001 <0.001
  GI bleeding 1.22 0.46 0.38 <0.001 0.11
Stroke 0.47 0.22 0.17 <0.001 0.16
  HCVA 0.19 0.06 0.05 <0.001 0.52
  ICVA 0.28 0.16 0.12 0.002 0.21
Thrombus with exchange 0.05 0.05 0.01 0.02 0.007
Cardiac arrhythmia 0.30 0.32 0.24 0.39 0.04
  Ventricular tachycardia 0.17 0.22 0.14 0.48 0.009
Infection 1.44 0.90 0.69 <0.001 <0.001
  Driveline Infection 0.28 0.21 0.18 0.07 0.41
Renal dysfunction 0.23 0.06 0.05 <0.001 0.63
Right heart failure 0.25 0.16 0.15 0.04 0.57

GI, gastrointestinal; HCVA, hemorrhagic cerebrovascular accident; ICVA, ischemic cerebrovascular accident; TTR, time in therapeutic 
range.

Table 5.  Mean Arterial Pressure per TTR Cohort 1–24 Months 
Postimplant

Postimplant 
Follow-Up

Low TTR 
MAP  

(Mean ± SD)

Moderate 
TTR MAP 

(Mean ± SD)

High TTR 
MAP  

(Mean ± SD) p

3 Months 86.5 ± 13.3 86.5 ± 13.8 84.8 ± 11.1 0.70
6 Months 86.4 ± 8.8 86.3 ± 12.3 84.4 ± 12.6 0.37
12 Months 88.4 ± 9.5 86.6 ± 13.3 85.3 ± 11.0 0.49
18 Months 82.8 ± 9.5 85.3 ± 11.4 85.6 ± 12.5 0.08
24 Months 83.6 ± 11.8 84.9 ± 11.3 85.1 ± 11.7 0.91

MAP, mean arterial pressure; TTR, time in therapeutic range.

Table 6.  TTR 60 Days Before Event Versus Overall Mean TTR 
with No-event

Adverse Event TTR p

HCVA No 64.0 ± 21.6 <0.001
Yes 46.3 ± 34.9

ICVA No 63.0 ± 21.9 0.05
Yes 62.7 ± 37.8

Major bleed No 64.4 ± 21.7 0.54
Yes 59.0 ± 34.9

GI bleed No 64.2 ± 20.9 0.46
Yes 62.9 ± 33.9

Pump thrombus No 61.3 ± 23.9 0.18
Yes 60.2 ± 38.4

Exchange due to thrombus No 62.6 ± 22.6 0.67
Yes 53.9 ± 40.8

GI, gastrointestinal; HCVA, hemorrhagic cerebrovascular acci-
dent; ICVA, ischemic cerebrovascular accident; TTR, time in thera-
peutic range.

Table 7.  Percentage TTR or Sub or Supratherapeutic INR 
Ranges Within 60 Days of HRAE

HRAE

% TTR  
within 60 
Days of 
HRAE

% Time 
Subtherapeutic 
INR Within 60 
Days of HRAE

% Time 
Supratherapeutic 

INR Within 60 
Days of HRAE

HCVA 46.3 32.5 21.2
ICVA 62.7 20.8 16.5
Major bleed 59.0 21.1 19.9
GI Bleed 62.9 18.3 18.8
Thrombus 60.2 19.9 19.9

GI, gastrointestinal; HCVA, hemorrhagic cerebrovascular 
accident; HRAE, hemocompatibility-related adverse event; ICVA, 
ischemic cerebrovascular accident; TTR, time in therapeutic range.
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Limitations

This analysis is limited due to several factors. As a retrospec-
tive review of the data, this analysis is subject to selection and 
misclassification or information bias. A DT population alone 
was analyzed so results may not apply to those individu-
als implanted with an HVAD LVAD as a BTT strategy. Only 
the HVAD device, and not the control, was included in the 
analysis. The TTR by the Rosendaal method, although com-
monly used to assess effective anticoagulation strategy in car-
diovascular disease populations, assumes linear variability 
between INR checks which can be inexact. Variability exists 
among center protocols for frequency of INR checks, couma-
din dose management, bridging or withholding strategies for 
anticoagulation, and aspirin/antiplatelet usage. Variability also 
exists regarding healthcare provider (nurse, advanced practice 
provider, physician, or pharmacist) managed INR protocols. 
Statistical methods comparing testing methods or testing type 
were not evaluated. INR values were recorded but variability 
may have been present in testing methods such as phlebotomy 
laboratory draw compared with POC testing. This was not 
clearly identifiable from data collection. Finally, it is important 
to understand that although an association was identified with 
an increase in adverse events and low TTR, it remains unclear 
as to whether the higher morbidity is the cause of the low TTR 
versus the effect of the low TTR.

Conclusion

Achieving a higher percentage of time within a therapeu-
tic range of goal INR can impact morbidity and mortality in 
a DT HVAD population. In this review, moderate (40–69%, 
mean 57.2%) and high (≥70%, mean 81.3%) TTRs were asso-
ciated with significantly improved survival compared with low 
(≤39%, mean 27.4%) TTR. High TTR patients also experienced 

significant reductions in adverse events, including stroke, 
pump thrombus, major bleeding, and right HF. Medtronic 
has recently announced cessation of the sale and distribu-
tion of the HVAD System. In light of the improved outcomes 
with high TTR in this analysis, mechanical circulatory support 
(MCS) centers should consider TTR monitoring as an important 
added metric for their anticoagulation strategies to optimize 
clinical outcomes in LVAD patients. Center-specific strategies 
that foster improved patient compliance, ease of monitoring, 
and patient reporting should also be considered. As an MCS 
community, standardized and best practice management of 
anticoagulation as well as further studies are needed.

Acknowledgments

The authors acknowledge Nicholas Hiivala, BME formerly of 
Medtronic for assistance in the analysis and preparation of the manu-
script, and Brian Van Dorn, MS, also of Medtronic, for statistical support.

References

	 1.	 Benjamin EJ, Virani SS, Callaway CW, et al; American Heart 
Association Council on Epidemiology and Prevention Statistics 
Committee and Stroke Statistics Subcommittee: Heart Disease 
and Stroke Statistics-2018 update: a report from the American 
Heart Association. Circulation 137: e67–e492, 2018.

	 2.	 Fukunaga N, Rao V: Left ventricular assist device as destination 
therapy for end stage heart failure: The right time for the right 
patients. Curr Opin Cardiol 33: 196–201, 2018.

	 3.	 Kirklin JK, Pagani FD, Kormos RL, et al: Eighth annual INTERMACS 
report: Special focus on framing the impact of adverse events. J 
Heart Lung Transplant 36: 1080–1086, 2017.

	 4.	 Miller LW, Rogers JG: Evolution of left ventricular assist device 
therapy for advanced heart failure: A review. JAMA Cardiol 3: 
650–658, 2018.

	 5.	 Slaughter MS, Rogers JG, Milano CA, et al; HeartMate II 
Investigators: Advanced heart failure treated with continuous-
flow left ventricular assist device. N Engl J Med 361: 2241–
2251, 2009.

Figure 2. Kaplan–Meier Survival for low, moderate, and high TTR from 1 to 24 months postimplant. TTR, time in therapeutic range.



MACALUSO ET AL.20

	 6.	 Kirklin JK, Naftel DC, Kormos RL, et al: Interagency registry for 
mechanically assisted circulatory support (INTERMACS) analy-
sis of pump thrombosis in the HeartMate II left ventricular assist 
device. J Heart Lung Transplant 33: 12–22, 2014.

	 7.	 Mehra MR, Stewart GC, Uber PA: The vexing problem of throm-
bosis in long-term mechanical circulatory support. J Heart Lung 
Transplant. 33:1–11, 2014.

	 8.	 Starling RC, Moazami N, Silvestry SC, et al: Unexpected abrupt 
increase in left ventricular assist device thrombosis. N Engl J 
Med 370: 33-40, 2014.

	 9.	 Trivedi JR, Cheng A, Singh R, Williams ML, Slaughter MS: Survival 
on the heart transplant waiting list: Impact of continuous flow 
left ventricular assist device as bridge to transplant. Ann Thorac 
Surg 98: 830–834, 2014.

	10.	 John R, Lee S: The biological basis of thrombosis and bleeding in 
patients with ventricular assist devices. J Cardiovascular Transl 
Res 2: 63–70, 2009.

	11.	 Eckman PM, John R: Bleeding and thrombosis in patients with 
continuous-flow ventricular assist devices. Circulation 125: 
3038–3047, 2012.

	12.	 Rosendaal FR, Cannegieter SC, van der Meer FJ, Briët E: A method 
to determine the optimal intensity of oral anticoagulant therapy. 
Thromb Haemost 69: 236–239, 1993.

	13.	 Veeger NJ, Piersma-Wichers M, Tijssen JG, Hillege HL, van der 
Meer J: Individual time within target range in patients treated 
with vitamin K antagonists: main determinant of quality of anti-
coagulation and predictor of clinical outcome. A retrospective 
study of 2300 consecutive patients with venous thromboembo-
lism. Br J Haematol 128: 513–519, 2005.

	14.	 Halder LC, Richardson LB, Garberich RF, Zimbwa P, Bennett 
MK: Time in therapeutic range for left ventricular assist device 
patients anticoagulated with warfarin: A correlation to clinical 
outcomes. ASAIO J 63: 37–40, 2017.

	15.	 Lea JC, Floroff CK, Ingemi AI, Zeevi GR: Impact of time in thera-
peutic range after left ventricular assist device placement: A 
comparison between thrombus and thrombus-free periods. J 
Thromb Thrombolysis 47: 361–368, 2019.

	16.	 Martinez BK, Yik B, Tran R, et al: Meta-analysis of time in thera-
peutic range in continuous-flow left ventricular assist device 
patients receiving warfarin. Artif Organs 42: 700–704, 2018.

	17.	 Aaronson KD, Slaughter MS, Miller LW, et al; HeartWare 
Ventricular Assist Device (HVAD) Bridge to Transplant 
ADVANCE Trial Investigators: Use of an intrapericardial, con-
tinuous-flow, centrifugal pump in patients awaiting heart trans-
plantation. Circulation 125: 3191–3200, 2012.

	18.	 Slaughter MS, Pagani FD, McGee EC, et al; HeartWare Bridge to 
Transplant ADVANCE Trial Investigators: HeartWare ventricular 
assist system for bridge to transplant: Combined results of the 
bridge to transplant and continued access protocol trial. J Heart 
Lung Transplant 32: 675–683, 2013.

	19.	 Rogers JG, Pagani FD, Tatooles AJ, et al: Intrapericardial left ven-
tricular assist device for advanced heart failure. N Engl J Med 
376: 451–460, 2017.

	20.	 Milano CA, Rogers JG, Tatooles AJ, et al: HVAD: The 
ENDURANCE supplemental trial. JACC: Heart Failure 6: 
792–802, 2018.

	21.	 McGee E Jr, Danter M, Strueber M, et al: Evaluation of a lateral 
thoracotomy implant approach for a centrifugal-flow left ven-
tricular assist device: The LATERAL clinical trial. J Heart Lung 
Transplant 38: 344–351, 2019.

	22.	 HeartWare™ HVAD™ System instructions for use. Rev 02. Part 
number IFU00375. Medtronic, Minneapolis, MN, 2020.

	23.	 Najjar SS, Slaughter MS, Pagani FD, et al; HVAD Bridge to 
Transplant ADVANCE Trial Investigators: An analysis of pump 
thrombus events in patients in the HeartWare ADVANCE bridge 
to transplant and continued access protocol trial. J Heart Lung 
Transplant 33: 23–34, 2014.

	24.	 Teuteberg JJ, Slaughter MS, Rogers JG, et al; ADVANCE Trial 
Investigators: The HVAD left ventricular assist device: Risk fac-
tors for neurological events and risk mitigation strategies. JACC 
Heart Fail 3: 818–828, 2015.

	25.	 Schlöglhofer T, Zapusek L, Wiedemann D, et al: International 
normalized ratio test frequency in left ventricular assist device 
patients affects anticoagulation quality and adverse events. 
ASAIO J 67: 157–162, 2021.

	26.	 Bloomfield HE, Krause A, Greer N, et al: Meta-analysis: Effect of 
patient self-testing and self-management of long-term antico-
agulation on major clinical outcomes. Ann Intern Med 154: 
472–482, 2011.


