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ABSTRACT
OBJECTIVES This study evaluated clinical outcomes associated with erythropoiesis stimulating agent (ESA) use in left
ventricular assist devices (LVAD)–supported patients.
BACKGROUND Use of ESAs in patients with LVADs may minimize blood transfusions and decrease allosensitization.
ESAs increase thrombotic events, which is concerning because LVADs are sensitive to pump thrombosis (PT).
METHODS We retrospectively reviewed 221 patients at our center who received a HeartMate II (Thoratec Corp., Pleasanton, California) LVAD between January 1, 2009 and June 6, 2013. Patients were divided into those who received ESAs
during index admission (n ¼ 121) and those who did not (n ¼ 100). Suspected PT was deﬁned as evidence of thrombus in
the LVAD or severe hemolysis (lactate dehydrogenase >1,000 mg/dl or plasma-free hemoglobin >40 mg/dl). Outcomes
were compared between cohorts using inverse probability-weighted analyses.
RESULTS During a mean follow-up of 14.2  11.9 months, suspected PT occurred in 37 patients (ESA 23%, no ESA 12%;
p ¼0.03). The ESA cohort received ESAs 13.9  60.9 days after LVAD implantation. At 180 days, event-free rates for
suspected PT were ESA 78.6% versus no ESA 94.5% (p < 0.001). ESA use had higher rates of suspected PT (hazard ratio
[HR]: 2.35; 95% conﬁdence interval [CI]: 1.38 to 4.00; p ¼ 0.002). For every 100-unit increase in cumulative ESA
dosage, the hazard of suspected PT increased by 10% (HR: 1.10; 95% CI: 1.04 to 1.16; p < 0.001). After inverse
probability weighting, ESA use was associated with a signiﬁcantly higher rate of all-cause mortality (HR: 1.62; 95% CI:
1.12 to 2.33; p ¼ 0.01).
CONCLUSIONS ESA use in LVAD patients is associated with higher rates of suspected PT. (J Am Coll Cardiol HF
2015;3:146–53) © 2015 by the American College of Cardiology Foundation.
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an

independent

predictor

heart failure (HF) (1–6). The estimated preva-

and June 6, 2013 at our center. Of the 264

lence of anemia in HF patients depends on the

patients, 30 patients were excluded because

severity of failure and can range from 20% to 80%

they

in those with New York Heart Association functional

oxygenation support or right ventricular

class III to IV symptoms (7,8). A comparable rate has

assist device support post-operatively. Nine

been reported in HF patients receiving left ventricu-

patients were excluded as this was their sec-

lar assist device (LVAD) support. In 1 retrospective

ond LVAD during the inclusion period and 4

study, anemia was present in almost one-half of 65

patients were excluded because they fol-

Assisted Circulatory Support

patients after implantation of LVAD and was associ-

lowed up at other institutions. The ﬁnal

LDH = lactate dehydrogenase

ated with higher rates of all-cause mortality despite

cohort included 221 patients and was divided

improvement in end-organ perfusion (9). Mecha-

into those who received an ESA (epoetin

nisms for the development of anemia in patients

or darbepoetin) versus those who did not. All

with LVAD support are multifactorial but often

ESAs were converted to darbepoetin equiva-

involve a chronic inﬂammatory state created by the

lents using a ﬁxed conversion ratio of 225 U epoetin to

required

extracorporeal

membrane

CI = conﬁdence interval
ESA = erythropoiesis
stimulating agent

HF = heart failure
HR = hazard ratio
INTERMACS = Interagency
Registry for Mechanically

LOS = length of stay
LVAD = left ventricular
assist device

immune system reacting to LVAD biomaterial (10–

1 m g darbepoetin per the manufacturer’s suggestion

12). The inﬂammatory milieu that ensues may sup-

(23,24). Patient characteristics, the cumulative dosage

press erythropoiesis (9) by inhibiting production of

of darbepoetin or epoetin, and clinical outcomes were

erythropoietin and diminishing its effectiveness

obtained through review of the medical record. All

similar to the pathophysiology of anemia of chronic

data were collected and managed using REDCap, an

disease (10). It has been demonstrated that anemic

electronic data capture tool hosted by our institution

LVAD patients have lower than expected circulating

(25). The study was approved by our Institutional

erythropoietin levels (9). This has led some clinicians

Review Board.

to treat LVAD-supported patients with erythropoiesis
stimulating agents (ESAs).

PROCEDURAL TECHNIQUE. The HeartMate II left

ventricular assist system has been described previ-

SEE PAGE 154

ously (26,27). All patients in this cohort were

ESAs are ideal for patients destined for trans-

implanted through a median sternotomy using car-

plantation, as ESA treatment increases hemoglobin

diopulmonary bypass. Following implant, patients

levels, thereby reducing the need for transfusions and

were monitored in the cardiothoracic intensive care

subsequent risk of developing anti-HLA antibodies

unit for complications and received transfusion of

(13–16). Allosensitization most commonly results

blood products at the discretion of the care team.

from previous blood transfusions and can complicate

Anticoagulation and antiplatelet protocols changed

procurement of an appropriate donor heart, delaying

over time and are shown in the Online Table 1.

time until transplantation (17). Post-transplant, allosensitization may lead to higher rates of organ rejection and allograft vasculopathy (17).
These

potential

beneﬁts

of

ESAs

in

LVAD-

supported patients are offset by potential risks. Use
of ESAs may cause thrombotic and vascular events in
patients with malignancies, chronic kidney disease,
end-stage renal disease, and systolic heart failure
(18–22). Pump thrombosis can manifest as severe
hemolysis with pump failure and hemodynamic
collapse. No studies to date have evaluated thrombotic outcomes with use of ESAs in patients receiving
LVAD support. In this retrospective dual-cohort
study, we describe clinical outcomes associated with
use of ESAs in patients with HF and LVAD support.

METHODS

FOLLOW-UP AND CLINICAL OUTCOMES. Follow-up

was assessed for every patient by review of the
medical record. The primary outcome of the study
was

suspected

pump

thrombosis

at

180

days.

Although mean follow-up duration was 14.2 months,
events occurring within 180 days were of particular
interest as this encompasses just over 5 half-lives of
darbepoetin (half-life 22 to 27 days) (24) and thus a
majority of medication-related events. Secondary
outcomes included rates of stroke and all-cause
mortality. Suspected pump thrombosis was deﬁned
as direct observation of obstructive thrombus in the
pump or conduit post pump exchange or severe
hemolysis. Severe hemolysis was deﬁned as lactate
dehydrogenase (LDH) level >1,000 mg/dl (4 times the
upper limit of normal for the study institution’s laboratory) or plasma free hemoglobin level >40 mg/dl

STUDY POPULATION. We retrospectively identiﬁed

with symptoms of decompensated HF in the absence

264 patients who underwent implantation of a

of a kinked inﬂow or outﬂow cannulae (28,29). A LDH
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level 2.5 times the upper limit of normal is 78% sen-

bridge-to-transplant approach was used for 68% of

sitive and 97% speciﬁc for detection of device

the 221 patients (Table 1). The ESA cohort was more

thrombosis, and a value 5 times the upper limit of

likely to have had bacteremia during index hospital-

normal has a sensitivity of 100% and a speciﬁcity of

ization than the control cohort (13% vs. 4%; p ¼ 0.02).

92.5% (30,31). Hemolysis was not present if a patient’s

There were no signiﬁcant between-cohort differences

LDH was >1,000 mg/dl prior to LVAD implant but

in rates of intracardiac thrombus, creatinine clear-

continually decreased after the operation, or if the

ance, hemoglobin level (on admission, day before

elevated LDH level was felt to be due to sepsis with

implant, or on discharge), or units of packed red

multiorgan failure.

blood cells transfused (ESA: 9.0 U, interquartile

STATISTICAL ANALYSIS. Categorical variables, in-

range: 4.0 to 20.0 U, vs. no ESA 9.0 U, interquartile

cluding the number of hemolysis or pump thrombus

range: 4.0 to 15.0 U; p ¼ 0.23). Covariate balance was

events, were compared using Fisher’s exact tests.

achieved after propensity inverse weighting as shown

Continuous variables were compared with Student’s

in Online Figure 1.

2-sample t tests. For non-normal and ordinal variables, the median (minimum, maximum) were reported and a Kruskal-Wallis test was conducted to
compare cohorts.
Time until suspected pump thrombosis was evaluated through Kaplan-Meier analysis and curves were
compared with the Wilcoxon tests. The start time was
the device implant date and event-free patients were
censored due to death, transplant, pump replacement, or at last follow-up, whichever occurred
ﬁrst. In the Cox proportional hazards model, inclusion into the ESA cohort was treated as a timedependent

variable

to

account

for

differences

between implant date and initial use of ESA. Using
logistic regression, inverse probability of treatment
propensity scores were created for ESA to balance
groups when conducting comparisons. The variables
used to create the propensity scores were age,
sex, body mass index, atrial ﬁbrillation, creatinine
on admission, creatinine clearance on admission,
hemoglobin on admission, diabetes mellitus, coronary artery disease, history of intra-cardiac thrombus,
bridge to transplant strategy, Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS) proﬁle, presence of bacteremia, platelet count
on discharge, bridged with heparin or bivalirudin
post-operatively, any positive anti-PF4 during index
admission, and number of red blood cell units transfused during index hospitalization. Sensitivity analyses were conducted to control for an observed
increase in pump thrombosis over time (Online
Appendix) (28).
A 2-sided p value <0.05 was considered signiﬁcant.
The p values presented do not adjust for multiple
comparisons. All statistical analyses were conducted
using SAS 9.3 (SAS Institute Inc., Cary, North Carolina).

RESULTS

SUSPECTED PUMP THROMBOSIS. Clinical follow-up

was available for every patient with a mean followup period of 14.2  11.9 months. The proportion of
suspected pump thrombosis was signiﬁcantly higher
with use of ESAs compared with no ESAs (23% vs.
12%; p ¼ 0.03). Kaplan-Meier estimates of freedom
from suspected pump thrombosis (Figure 1) were
signiﬁcantly higher in patients who did not receive
ESAs compared with patients who received ESAs
(Wilcoxon, p ¼ 0.004). Event-free rates are shown in
the Online Table 2. At 180 days, the event-free
rates were 78.6% in the ESA cohort versus 94.5% in
the no ESA cohort (p < 0.001) and this effect persisted up to 1 year (p ¼ 0.024) but was not found at
2 years (p ¼ 0.06). ESA use was associated with
higher rates of suspected pump thrombosis when
compared with no ESA use (hazard ratio [HR]: 2.35;
95% conﬁdence interval [CI]: 1.38 to 4.00; p ¼ 0.002)
(Table 2).
Patients in the ESA cohort were initiated on darbepoetin (n ¼ 89; median dose 200 mg) or epoetin
(n ¼ 11; median dose 40,000 U) an average of 13.8
days after LVAD implantation for an average of 2.2
doses of ESA. The mean time between the ﬁrst and
last dose of ESA was 17 days. In the ESA cohort, the
median total ESA dose equivalent for patients with
suspected pump thrombosis was 300 mcg compared
with 200 mcg for those without an event (p ¼ 0.06).
A signiﬁcant association between cumulative ESA
dosage and the primary endpoint was observed
(Online Table 3). For every 100-unit increase in
equivalent ESA dosage, the hazard of suspected pump
thrombosis increased by 10% (HR: 1.10; 95% CI: 1.04
to 1.16; p < 0.001). The average hemoglobin of patients in both ESA and no ESA cohorts who had pump
thrombosis was 10.1  1.7 g/dl. No signiﬁcant differences in admission or discharge creatinine clearance,
hemoglobin, or international normalized ratio were

PATIENT

CHARACTERISTICS. Most

patients were

male (81%), classiﬁed as INTERMACS proﬁle 2, and

observed between those in the ESA cohort with
versus

without

the

primary

endpoint

(Online
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Table 4). Additionally, the incidence of suspected
pump thrombosis has increased over time since 2009

T A B L E 1 Baseline Clinical Characteristics for the Study Population

No ESA
(n ¼ 121)

ESA
(n ¼ 100)

Age, yrs

57.10  12.29

55.62  11.79

0.37

of freedom from all-cause mortality (Wilcoxon,

Male

95 (79%)

85 (85%)

0.23

as shown in Online Table 5.
SECONDARY

OUTCOMES. Kaplan-Meier

estimate

p Value

p ¼ 0.289) was not signiﬁcantly different between

Caucasian

87 (72%)

76 (76%)

0.54

ESA and no ESA cohorts (Figure 2). After inverse

BMI, kg/m2

28.50  6.35

28.95  5.30

0.57

weighting however, ESA use was associated with a

Medical history
Atrial ﬁbrillation

54 (45%)

45 (45%)

1.00

Current smoker

69 (57%)

54 (54%)

0.68

CAD

61 (50%)

50 (50%)

1.00

DM

52 (43%)

47 (47%)

0.59

signiﬁcantly higher rate of all-cause mortality (HR:
1.62; 95% CI: 1.12 to 2.33; p ¼ 0.01). Thirty of the
37

patients

(81%)

who

developed the

primary

outcome required pump exchange or transplant

INTERMACS proﬁle

within 90 days, or expired. Only 3 of the 37 patients

Intracardiac thrombus

survived for >1 year with their index LVAD and had

Bridge to transplant

resolution of hemolysis with stronger anticoagulants

PRBC units transfused

(2 with intravenous heparin and eptiﬁbatide and

Labs on admission

1 with higher international normalized ratio target).
Kaplan-Meier estimates of freedom from stroke
(Wilcoxon, p ¼ 0.16) and ischemic stroke (Wilcoxon,
p ¼ 0.52) were not signiﬁcantly different between ESA

Creatinine, mg/dl

2.0 (1.0–2.0)

2.0 (1.0–2.0)

18 (15%)

11 (11%)

79 (65%)

71 (71%)

9.0 (4.0–15.0)

9.0 (4.0–20.0)

1.4 (1.1–2.0)

1.5 (1.2–2.3)

0.76
0.43
0.39
0.23
0.09

CrCl, ml/min

72.4  34.2

71.5  40.4

0.86

Hgb, g/dl

12.03  1.96

11.75  1.96

0.30

Serum iron, mg/dl
Ferritin, ng/ml

43.5 (30.5–60.5)
139.5 (53.0–331.5)

40.5 (31.0–65.0)

0.88

171.0 (80.0–301.0)

0.56

and no ESA cohorts (Online Figures 2 and 3). Freedom

TIBC, mg/dl

305.8  85.48

318.26  85.39

0.42

from stroke at 180 days was 94.1% in the ESA group

TSAT, %

15.0 (10.0–21.0)

14.5 (10.0–20.0)

0.83
0.90

versus 88.8% no ESA group (p ¼ 0.19) and freedom
from ischemic stroke at 180 days was ESA 94.1%
versus no ESA 93.3% (p ¼ 0.82).
Results of the primary sensitivity analysis, which

Labs on discharge
100.9  44.9

101.9  58.7

Hgb, g/dl

9.56  1.01

9.52  1.07

0.82

INR

2.18  0.54

2.16  0.58

0.78

CrCl, ml/min

Post-op anticoagulation

102 (84%)

77 (77%)

0.17

controlled for a reported increase in rates of sus-

Aspirin on discharge

107 (96%)

92 (98%)

0.69

pected pump thrombosis after May 1, 2011, were

Aspirin dose
44 (41%)

43 (47%)

similar to those obtained in the primary analysis and
the association between ESA use and suspected

325 mg daily
81 mg daily

pump thrombosis remained signiﬁcant (HR: 2.33;

Warfarin on discharge

95% CI: 1.37 to 3.97; p ¼ 0.002). Additional sensi-

Year of implant

tivity analysis excluding devices implanted prior to

0.47
63 (59%)

49 (53%)

107 (96%)

86 (91%)

2009

33 (27%)

8 (8%)

2010

22 (18%)

22 (22%)

March 2010 (incorporation date of sealed inﬂow

2011

9 (7%)

34 (34%)

conduit and outﬂow graft) continued to demonstrate

2012

30 (25%)

33 (33%)

a signiﬁcant association, though of lower magnitude

2013

27 (22%)

3 (3%)

(HR: 1.98; 95% CI: 1.10 to 3.57; p ¼ 0.024), between
ESA use and suspected pump thrombosis, while allcause mortality was no longer signiﬁcant. Results
from sensitivity analyses are shown in the Online
Tables 6 to 8.

0.15
<0.01

Values are mean  SD, n (%), or median (interquartile range).
BMI ¼ body mass index; CAD ¼ coronary artery disease; CrCl ¼ creatinine clearance;
DM ¼ diabetes mellitus; ESA ¼ erythropoietin stimulating agent; Hgb ¼ hemoglobin; INR ¼
international normalized ratio; INTERMACS ¼ Interagency Registry for Mechanically Assisted
Circulatory Support; PRBC ¼ packed red blood cell; TIBC ¼ total iron binding capacity;
TSAT ¼ transferring saturation.

DISCUSSION
patients receiving LVAD support. The recently pubThe results of our study suggest that use of ESAs in

lished RED-HF (Reduction of Events by Darbepoetin

patients receiving LVAD support is associated with a

Alfa in Heart Failure) trial randomized 2,278 patients

signiﬁcant increase in rates of suspected pump

with HF to darbepoetin or placebo and failed to show

thrombosis and all-cause mortality.

reduction in death or hospitalization for worsening

It is unclear whether anemia independently con-

heart failure and had increased rates of thromboem-

tributes to increased mortality in advanced heart

bolic events at 28 months of follow-up (21). No con-

failure or simply acts as a marker of disease severity.

clusions can be made about use of ESAs in patients

Studies have suggested that increasing hemoglobin

receiving LVAD support based on the 7 patients with

levels with ESAs may improve functional status (32).

LVADs enrolled in that trial. Our study is the ﬁrst

Little is known about outcomes with use of ESAs in

to show a signiﬁcantly higher rate of thrombotic
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therapeutically anticoagulated at the time of the pri-

F I G U R E 1 Freedom From Suspected Pump Thrombosis

mary event. Perhaps platelet hyperactivity in combination with the prothrombotic state propagated by
LVAD support induced pump thrombosis in our patients. An additional potential pathway would be an
effect of ESAs on von Willebrand factor availability in
these patients, though little is known in this regard.
Limited data exist regarding the dose-response
relationship between ESAs and adverse vascular
outcomes. The best evidence to date comes from a
meta-regression performed by Koulouridis et al. (35)
that included 31 trials and showed a signiﬁcant
association between rates of stroke and thrombotic
events and 3-month cumulative mean ESA dose independent of hemoglobin level (35). A major limitation of this analysis was that numerous assumptions
and transformations were required to harmonize re-

Kaplan-Meier analysis of freedom from suspected pump thrombosis between patients who received erythropoiesis stimulating
agents (ESAs) and those who did not receive ESAs.

sults from individual trials. Also, it is difﬁcult to
extrapolate ﬁndings to the LVAD population as patients in the previous study had chronic kidney disease and received ESAs for at least 3 months. Findings

complications with use of ESAs in patients receiving

from our retrospective study are consistent with the

LVAD support and is consistent with the ﬁndings of

conclusions made by Koulouridis et al. (35) and pro-

Swedberg et al. (21).

vide further evidence that a cumulative dose-

Mechanisms for development of pump thrombosis

response relationship likely exists between ESAs

in patients receiving ESAs are likely multifactorial

and thrombotic complications. In a trial performed by

and may involve a combination of hyperviscosity

Weltert et al. (16), 320 patients undergoing coronary

(presumably due to polycythemia), thrombocytosis,

artery bypass were randomized to a cumulative

platelet hyperactivity, and activation of blood coag-

erythropoietin dose of 52,000 IU (cumulative darbe-

ulation in the setting of a prothrombotic milieu (33).

poetin equivalent of 260 m g) versus standard of care.

Studies of ESA use in patients with chronic kidney

The trial found a signiﬁcant reduction in transfusion

disease suggest a risk of mortality and thrombotic

rate and increase in hemoglobin levels with no

events associated with targeting levels of hemoglobin

adverse events. However, the mean follow-up period

>13 g/dl (20,34). Patients experiencing the primary
event in our study did not have supraphysiologic or

F I G U R E 2 Freedom From All-Cause Mortality

even normal hemoglobin levels at the time of suspected pump thrombosis. Although it is unclear
which factor predominantly contributed to suspected
pump thrombosis in these patients, hyperviscosity
likely played a smaller role as patients on average had
hemoglobin levels between 10 and 11 mg/dl and were

T A B L E 2 Clinical Outcomes and Hazard Ratios Before and After Inverse Weighting

for Patients Receiving LVAD Support With and Without Use of ESAs (n ¼ 221)
Before Inverse Weighting

After Inverse Weighting

HR (95% CI)

p Value

HR (95% CI)

Suspected pump thrombosis

2.26 (1.15–4.40)

0.002

2.35 (1.38–4.00)

0.002

All-cause mortality

1.56 (0.93–2.62)

0.09

1.62 (1.12–2.33)

0.01

p Value

Stroke

0.59 (0.26–1.31)

0.19

0.55 (0.30–1.02)

0.06

Ischemic stroke

0.59 (0.20–1.74)

0.34

0.51 (0.21–1.24)

0.14

Kaplan-Meier analysis of freedom from all-cause mortality
All results based on Cox proportional hazards models.

between patients who received erythropoiesis stimulating agents

CI ¼ conﬁdence interval; ESA ¼ erythropoietin stimulating agent; HR ¼ hazard ratio; LVAD ¼ left ventricular
assist device.

(ESAs) and those who did not receive ESAs.
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was only 45 days and thus might have missed late

with what Starling et al. (28) reported a rate of

thrombotic complications. Patients in our study were

conﬁrmed plus suspected pump thrombosis of 11.3%

treated with similar doses of ESAs (median cumula-

at 1-year and 18.3% at 2-year follow-up. The observed

tive darbepoetin equivalent dose 200 m g) and the

increase might be attributable to patient-level factors

intrinsic effects of higher ESA doses were associated

such as gastrointestinal bleeding, infection, and

with suspected pump thrombosis. It is also possible

inadequate anticoagulation as well as an evolution in

those receiving the highest cumulative doses of ESAs

patient selection for LVAD therapy since U.S. Food

were severely ill and anemic for longer periods of

and Drug Administration approval for destination

time and other factors contributed to their develop-

therapy in January 2010. In addition, protocols for

ment of suspected pump thrombosis. In addition the

post-operative bridging anticoagulation as well as

dosage effect seen in our study leaves the possibility

outpatient anticoagulation targets changed during

of acceptable safety with transient low dose ESA

the study period, which is difﬁcult to account for.

usage.

Increased clinician awareness and screening for

Several studies have suggested increased mortality

pump thrombosis have also been occurring over time

with use of ESAs especially when higher levels of

and may explain the observed increase in incidence

hemoglobin are achieved (36,37). However, patients

of suspected pump thrombosis. Last, variations in

in our study who received ESAs had signiﬁcantly

device design and manufacturing of the HeartMate II

higher rates of all-cause mortality compared with

device (e.g., sealing the outﬂow graft and inﬂow

those who did not receive ESAs despite achieving

conduit) might also account for the rise in pump

low-normal levels of hemoglobin. We believe the

thrombosis. To account for the potential contribution

increased mortality rate is a result of the primary

of concurrent device related changes, a series of

outcome as several studies demonstrate poor out-

sensitivity analyses were conducted. The association

comes with pump thrombosis (28). In our study, those

between ESA use and suspected pump thrombosis

who developed suspected pump thrombosis had very

persisted throughout the sensitivity analysis, though

poor outcomes with only 3 of the 37 surviving beyond

the effect was reduced when time was included in

1 year with their index LVAD. A majority of patients

the model with HR decreasing from 2.35 to 1.98

with suspected pump thrombosis required either

(p ¼ 0.024).

pump exchange or transplantation in keeping with
ﬁndings from other studies (28).

STUDY LIMITARIONS. When

interpreting the re-

Contrary to other studies, ESA use in our study was

sults of our study, several limitations must be

not associated with higher rates of stroke (20). It is

considered. The study is retrospective and non-

possible that subjects in the ESA cohort were more

randomized. It is possible that patients perceived

likely to manifest thrombotic events as pump

to be at increased risk of adverse outcomes were

thrombosis and were thus censored before any

more likely to receive ESAs. We attempted to miti-

strokes occurred. Additionally, it is likely that the use

gate selection bias by using propensity scores and

of ESAs as a time-dependent variable leads to an

inverse weighted analyses. However, it is possible

underestimation of overall stroke in the ESA group.

there were unmeasured confounders contributing to

No event could be attributed to the ESA group until

differences in clinical outcomes observed between

they had received a dose of ESA. Since the ﬁrst dose

the 2 cohorts. In particular, INTERMACS proﬁles

of ESA was given an average of 14 days after implant,

were used to control for severity of illness, but even

any perioperative neurologic event in this group

among INTERMACS proﬁle 1 patients there is often

would not be included. However, the control group

a wide range of expected mortality. It is possible

would

likely

the INTERMACS proﬁle 1 patients who received

increasing the prevalence of stroke. Finally, it is likely

ESAs had greater degrees of multiorgan dysfunction

that any patient who had a stroke would not have

and shock than the control cohort. The Heartmate II

received ESAs given that they are known to increase

risk score is better at predicting mortality than

rates of stroke (20).

INTERMACS proﬁle, however, the data available to

include

any

perioperative

events,

Our data support recent analyses performed by

us did not allow this calculation for all patients (39).

INTERMACs and others, which reveal a small but

Additionally, our secondary endpoints should be

statistically signiﬁcant increase in rates of pump

interpreted with caution as no adjustments were

thrombosis in the past few years (Online Table 5)

made for multiple comparisons, thereby increasing

(28,38). Our analysis demonstrated a nearly 16.9%

the chances of a type I error. Finally, length of stay

incidence of suspected pump thrombosis over a

(LOS) was not included in our propensity score

median follow-up of 14.2 months. This result is in line

model as our institutional data has shown LOS has
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decreased over time. The decision not to include

sensitivity analysis, and consistency with evidence

LOS was made a priori as it was felt the decrease in

from other populations, these results remain con-

LOS over time has more to do with clinician famil-

cerning. Caution should be taken before adminis-

iarity with the device as opposed to patient char-

tering ESAs to patients with continuous ﬂow LVADs.

acteristics and severity of illness. However, it is
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