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Background Real-world use of traditional heart failure (HF) medications for patients with left ventricular assist devices
(LVADs) is not well known.

Methods We conducted a retrospective, observational analysis of 1,887 advanced HF patients with and without LVADs
from 32 LVAD hospitals participating in the Get With The Guidelines–Heart Failure registry from January 2009 to March
2015. We examined HF medication prescription at discharge, temporal trends, and predictors of prescription among patients
with an in-hospital (n = 258) or prior (n = 171) LVAD implant, and those with advanced HF but no LVAD, as defined by a left
ventricular ejection fraction ≤25% and in-hospital receipt of intravenous inotropes or vasopressin receptor antagonists (n =
1,458).

Results For β-blocker and angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers (ACEI/ARB),
discharge prescriptions were 58.9% and 53.5% for new LVAD patients, 53.8% and 42.9% for prior LVAD patients, and
73.4% and 63.2% for patients without LVAD support, respectively (both P b .0001). Aldosterone antagonist prescription
quadrupled among LVAD patients during the study period (P b .0001), whereas ACEI/ARB use decreased nearly 20
percentage points (60.0% to 41.4%, P = .0003). In the multivariable analysis of LVAD patients, patient age was inversely
associated with β-blocker, ACEI/ARB, and aldosterone antagonist prescription.

Conclusions Traditional HF therapies were moderately prescribed at discharge to patients with LVADs and were more
frequently prescribed to patients with advanced HF without LVAD support. Moderate prescription rates suggest clinical
uncertainty in the use of antiadrenergic medication in this population. Further research is needed on the optimal medical
regimen for patients with LVADs. (Am Heart J 2016;179:99-106.)
Left ventricular assist devices (LVADs) are an increas-
ingly common long-term treatment for end-stage systolic
heart failure (HF).1 More than 1,000 devices were
implanted as long-term, destination therapy in the United
States (US) in 2014.2 Meanwhile, patients with
bridge-to-transplant LVADs receive a median 8.7 months
of device support before heart transplantation.3 The
longitudinal success of the LVAD patient may depend on
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medications to maintain the device, such as antithrom-
botic agents to prevent pump thrombosis and antihyper-
tensives to reduce risk of stroke.4–8 Traditional,
evidence-based HF medications that promote reverse
remodeling in the native heart—such as β-blockers,
angiotensin-converting enzyme inhibitors (ACEIs), angio-
tensin II receptor blockers (ARBs), and aldosterone
antagonists—may also be of importance, but in fact, little
is known as to what constitutes optimal HF medical
therapy in patients with LVADs. To date, there are no
prospective trials supporting use or target dosing of
outpatient HF-specific therapies in patients with mechan-
ical circulatory support.
Given the lack of data to guide HF medication

management in LVAD patients, further understanding of
use in real-world practice is of interest. Such data can
highlight where research is direly needed for the
long-term care of patients with LVADs. Accordingly, we
sought to characterize patterns of HF medication
prescription using a national, contemporary registry of
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Table I. Selected patient characteristics

Patient characteristics
Overall

(N = 1887)
New LVAD
(n = 258)

Prior LVAD
(n = 171)

Advanced HF (no LVAD)
(n = 1458) P value

Age (y), median (IQR) 60 (50-69) 59 (48-66) 59 (51-67) 60 (50-70) .0274
Age ≥65 y 706 (37.4) 84 (32.6) 58 (33.9) 564 (38.7) .11
Male (%) 1345 (71.3) 200 (77.5) 119 (69.6) 1026 (70.4) .0570
Race/ethnicity (%)

White 1013 (54.6) 169 (65.8) 106 (62.0) 738 (51.7) b.0001
African American 685 (37.0) 65 (25.3) 41 (24.0) 579 (40.6)
Hispanic 80 (4.3) 11 (4.3) 15 (8.8) 54 (3.8)
Asian 20 (1.1) 1 (0.3) 2 (1.2) 17 (1.2)
Other 56 (3.0) 11 (4.3) 7 (4.0) 38 (2.7)

Selected medical history
Anemia 312 (17.0) 39 (15.1) 42 (24.5) 231 (16.4) .0185
Atrial fibrillation 632 (34.3) 97 (37.6) 68 (39.8) 467 (33.1) .11
Atrial flutter 108 (5.9) 14 (5.4) 15 (8.8) 79 (5.6) .24
COPD or asthma 435 (23.6) 52 (20.2) 51 (29.8) 332 (23.5) .07
CRT-D 593 (32.2) 107 (41.5) 60 (35.1) 426 (30.2) .0012
CVA/TIA 267 (14.5) 29 (11.2) 28 (16.4) 210 (14.9) .24
Diabetes 720 (39.1) 107 (41.5) 70 (40.9) 543 (38.5) .58
ICD only 713 (38.7) 111 (43.0) 83 (48.5) 519 (36.8) .0037
Ischemic etiology of HF 994 (54.0) 130 (50.4) 103 (60.2) 761 (53.9) .13
Renal insufficiency 461 (25.0) 54 (20.9) 39 (22.8) 368 (26.1) .17
Smoking 352 (19.3) 35 (13.6) 23 (14.5) 294 (20.8) .0076

Selected medications before admission
β-Blocker 1046 (69.1) 117 (65.4) 53 (60.2) 876 (70.3) .0750
ACEI 668 (44.1) 88 (49.2) 39 (44.3) 541 (43.4) .35
ARB 218 (14.4) 31 (17.3) 10 (11.4) 177 (14.2) .38
Aldosterone antagonist 571 (37.7) 91 (50.8) 36 (40.9) 444 (35.6) .0004
Hydralazine 238 (15.7) 29 (16.2) 18 (20.4) 191 (15.3) .43
Nitrate 281 (18.5) 35 (20.1) 7 (7.9) 238 (19.1) .0294

Intravenous medications in-hospital
Inotropes 1645 (91.4) 173 (74.9) 25 (22.5) 1447 (99.2) b.0001
Vasopressin receptor antagonist 194 (10.8) 68 (29.4) 11 (9.9) 115 (7.9) b.0001

Vital signs or laboratory tests at admission, median (IQR)
BMI (kg/m2) 26.4 (24.1-30.1) 26.4 F (24.5-29.0) 27.0 (26.5-30.5) 26.4 (23.8-30.3) .0129
Heart rate (beat/min) 88 (76-102) 88 (77-100) 88 (77-99) 88 (76-102) .84
Creatinine (mg/dL) 1.5 (1.1-2.0) 1.5 (1.1-1.9) 1.3 (1.1-1.7) 1.5 (1.2-2.1) .0025

Vital signs or laboratory tests at discharge, median (IQR)
BMI (kg/m2) 26.7 (22.8-31.6) 26.3 (23.5-30.4) 29.6 (23.7-34.6) 26.5 (22.5-31.6) .0083
Heart rate (beat/min) 82 (73-92) 85 (77-96) 80 (74-90) 82 (72-92) .0031
Creatinine (mg/dL) 1.3 (1.0-1.8) 1.1 (0.9-1.5) 1.4 (1.1-1.7) 1.4 (1.0-1.9) b.001

P values were calculated by comparing nonmissing row values only; these percentages sum to 100%. COPD, Chronic obstructive pulmonary disease; CRT-D, cardiac
resynchronization therapy–defibrillator; CVA/TIA, cerebrovascular accident/transient ischemic attack; ICD, implantable cardioverter/defibrillator; IQR, interquartile range; BMI,
body mass index.
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patients with advanced systolic HF. The objectives were
to describe medications prescribed at hospital discharge
for patients with advanced HF with and without LVADs
between 2009 and 2015 and to examine patient and
hospital-level factors associated with prescription to
LVAD recipients.
Methods
Data Source
We used data from the Get With The Guidelines–Heart

Failure (GWTG-HF) voluntary quality improvement ini-
tiative. The details of this registry have been published
previously.9,10 Hospitals submit clinical information for
all patients admitted with HF using a point-of-service,
interactive, Internet-based Patient Management Tool
(Outcome Sciences, Inc, Cambridge, MA). Variables
collected include demographic and clinical characteris-
tics; medications before admission; medical history;
previous treatments; admission medications; in-hospital
treatments, including intravenous medications;
in-hospital outcomes; and discharge medications, includ-
ing contraindications to evidence-based therapies. The
data collection form specifically includes a section on
new or prior LVAD during the hospitalization of record.
Outcome Sciences, Inc, serves as the data collection and
coordination center for GWTG. Hospital data elements
are collected for all enrolling hospitals from the American



Table II. Hospital characteristics

Hospital characteristics Overall New LVAD Prior LVAD Advanced HF (no LVAD) P value

Region (%)
West 395 (20.9) 121 (46.9) 65 (38.1) 209 (14.3) b.0001
South 893 (47.3) 97 (37.6) 50 (29.2) 746 (51.2)
Midwest 300 (15.9) 20 (7.7) 3 (1.7) 277 (19.0)
Northeast 299 (15.9) 20 (7.8) 53 (31.0) 226 (15.5)

Teaching hospital 1648 (87.6) 240 (93.4) 167 (97.7) 1241 (85.4) b.0001
Heart transplant hospital 1230 (66.6) 212 (83.8) 144 (84.2) 874 (61.4) b.0001
No. of beds, median (IQR) 566 (438-657) 556 (524-656) 524 (439-656) 567 (438-657) .0221
Rural location 35 (1.8) 3 (1.2) 0 (0) 32 (2.2) .09

Shreibati et al 101
American Heart Journal
Volume 179
Hospital Association database. The GWTG Data Coordi-
nating Center at the Duke Clinical Research Institute
serves as the data analysis center and provided institu-
tional review board approval for this project.

Study population
We identified all patients N18 years of age admitted to

hospitals fully participating in the American Hospital
Association’s GWTG-HF national registry from January 1,
2009, to March 16, 2015, who had an implantable LVAD.
Patients who received an LVAD during the admission of
record were identified by the primary International
Classification of Diseases, Ninth Revision, procedure
code 37.66 (“new LVAD”). This procedure code includes
patients with biventricular support (an LVAD and a right
ventricular assist device), which, according to national
registry data, comprises less than 3% of all implants.2

Patients with a history of LVAD and without current or
prior heart transplantation were also selected (“prior
LVAD”). As a comparison group, we also identified
advanced HF patients without LVAD support, defined as
having a left ventricular ejection fraction ≤25% and
in-hospital receipt of medications used in severe acute
decompensated HF, including intravenous vasopressin
receptor antagonists (conivaptan) for hyponatremia or
inotropes (dopamine, dobutamine, or milrinone).11 We
selected an ejection fraction of 25% because this is the
recommended cutoff for LVAD implantation.12

There may be differences in HF management among
institutions that routinely take care of LVAD patients
versus those that do not. To reduce this bias, we excluded
hospitalizations at centers that did not implant LVADs
during the period of analysis. Therefore, the medication
prescription rates presented are from centers that took
care of both LVAD and non-LVAD patients.
During the study period, there were 6,258 patients with

a new or prior LVAD, or with advanced HF without an
LVAD. Patients were excluded from the analysis if
patients died in-hospital, were discharged to hospice, or
received comfort measures (n = 1,280) or if they left
against medical advice, were transferred to a different
hospital, or had a missing discharge status (n = 398). Eight
hundred six patients from 151 sites were excluded
because they were admitted to hospitals that did not
implant LVADs. The final study population included
1,887 patients from 32 hospitals. Of the 1,458 patients in
the advanced HF group without an LVAD, 1,447 (99.2%)
received intravenous inotropes.

Outcome measures
The primary outcomes of interest were prescription at

discharge of medications that are evidence-based for
stage B and stage C systolic HF: β-blockers, ACEI/ARB,
aldosterone antagonist, and hydralazine nitrates.11 Sec-
ondary outcomes of interest were prescription of
diuretics, lipid-lowering agents, calcium-channel
blockers, digoxin, and amiodarone. Prescription of antic-
oagulation and antiplatelet agents was analyzed separate-
ly in the Supplement (Table S1).

Statistical analysis
Baseline patient and hospital characteristics were

compared across the new LVAD, prior LVAD, and
advanced HF without LVAD groups. Categorical vari-
ables were summarized by count and percentages and
were compared using the Pearson χ2 test or, if sample
size was insufficient, the Fisher exact test. Continuous
variables were summarized by median (25th-75th
percentiles) or mean (SD) and compared using
Kruskal-Wallis tests. The frequency and proportion of
each medication at discharge per year, for each patient
group, were examined by Cochran-Armitage tests to test
for trends across time. Missing data were excluded from
comparison testing.
Multivariable logistic regression analyses were per-

formed to examine the association of patient and hospital
factors with discharge medication prescription (yes/no)
for patients with new and prior LVADs. Generalized
estimating equations were used to account for
within-hospital clustering. Because of small sample size
and risk of overfitting models, the variables included in
the models were selected based upon expert opinion
before analysis and included admission year; age; sex;
history of atrial fibrillation or atrial flutter, coronary artery
disease, hypertension, diabetes, and chronic obstructive
pulmonary disease; serum creatinine and potassium at



Table III. Heart failure medications prescribed at discharge

Discharge medication Overall New LVAD Prior LVAD Advanced HF (no LVAD) P value

β-Blocker (%)
Yes, prescribed 1313 (69.6) 152 (58.9) 92 (53.8) 1069 (73.4)
No, contraindicated 503 (26.7) 84 (32.6) 60 (35.1) 359 (24.6)
Not prescribed 70 (3.7) 22 (8.5) 19 (11.1) 29 (2.0) b.0001

ACEI/ARB
Yes, prescribed 1130 (60.0) 138 (53.5) 73 (42.9) 919 (63.2)
No, contraindicated 693 (36.8) 102 (39.5) 75 (44.2) 516 (35.4)
Not prescribed 61 (3.2) 18 (7.0) 22 (12.9) 21 (1.4) b.0001

Aldosterone antagonist
Yes, prescribed 902 (48.5) 124 (49.2) 77 (45.6) 701 (48.7)
No, contraindicated 385 (20.7) 53 (21.0) 35 (20.7) 297 (20.6)
Not prescribed 573 (30.8) 75 (29.8) 57 (33.7) 441 (30.7) .92

Hydralazine nitrate
Yes, prescribed 400 (21.6) 50 (19.8) 21 (13.4) 329 (22.8)
No, contraindicated 192 (10.4) 17 (6.8) 21 (13.4) 154 (10.7) .0108
Not prescribed 1260 (68.0) 185 (73.4) 115 (73.2) 960 (66.5)
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discharge; and hospital region, teaching status, and
bed count.
For the outcomes of interest, prescription of HF

medications at discharge, there were b1% missing data.
However, 20% of admissions had missing data for
medications, laboratory tests, and vital signs before
admission. In the multivariable models, if a patient had
missing medical history, it was imputed to no. When
other patient or hospital characteristics were missing,
multiple imputations with 25 imputed data sets generated
using fully conditional specification methods were used.
Final estimates presented represented the combined
results over 25 imputations.
All P values were 2 sided, with P b .05 considered

statistically significant. All analyses were performed with
SAS software version 9.2 (SAS Institute, Cary, NC).
Funding from the American Heart Association (Young

Investigator Seed Grant Spring 2014) was used to support
the research and creation of the paper. The authors are
solely responsible for the design and conduct of this
study, all study analyses, the drafting and editing of the
paper, and its final contents.
Results
Patient and hospital characteristics
Patient characteristics at admission and discharge are

displayed in Table I. Overall, patients were predominately
male (71.3%) and white (54.6%). The median age was 59
years for new and prior LVAD patients and 60 years for
advanced HF patients without an LVAD (P = .0274).
Approximately one-quarter (25.3%) of new LVAD recip-
ients were African American versus 24.0% of prior LVAD
recipients and 40.6% of advanced HF patients without an
LVAD (P b .0001). Comorbidities were mostly similar
across the 3 patient groups. New LVAD recipients,
however, were more likely to have a medical history of
cardiac resynchronization therapy–defibrillator and less
likely to have a history of smoking or anemia. Median
creatinine was lowest among prior LVAD patients at
admission (P = .0025) and was lowest among new LVAD
patients at discharge (P b .0001).
The facilities represented among the study cohort were

all sites of LVAD implants during the study period. Hence,
they were predominately large, urban teaching hospitals
(Table II). LVAD patients were more often admitted to
hospitals that performed heart transplantation.

HF discharge medications
The prescription of HF medications at discharge was

lower among LVAD recipients compared with advanced
HF patients without LVAD support (Table III). Approx-
imately 58.9% of new LVAD patients and 53.8% of prior
LVAD patients were prescribed an evidence-based
β-blocker at the time of discharge compared with
73.4% of advanced HF patients (P b .0001). Prior LVAD
patients were least likely to be prescribed ACEI/ARB at
discharge (42.9%) compared with new LVAD patients
(53.5%) and advanced HF patients without an LVAD
(63.2%) (P b .0001). When patients with documented
contraindications to standard HF therapy were excluded,
β-blockers and ACEI/ARB were prescribed to 87.3% and
88.4% of new LVAD patients, 82.9% and 76.8% of prior
LVAD patients, and 97.3% and 97.7% of patients without
LVADs, respectively (both P b .0001).
Hydralazine nitrates were prescribed to 13.4% of prior

LVAD patients, 19.8% of new LVAD patients, and 22.8% of
advanced HF patients without LVADs (P = .0108). There
were no significant differences in aldosterone antagonist
prescription across the 3 groups (P = .92); it was
prescribed to 48.5% of all patients.
Altogether, 21.4% of new LVAD patients, 15.9% of prior

LVAD patients, and 28.9% of advanced HF patients
without an LVAD were prescribed a combined regimen



Figure 1

Number of HF medications prescribed at discharge.Heart failure
medications include β-blocker, ACEI/ARB, and aldosterone antago-
nist. P b .0001 across all groups by Pearson χ2 test.
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of β-blocker, ACEI/ARB, and aldosterone antagonist (P b
.0001) (Figure 1). Patients without an LVAD were least
likely to be prescribed none of these medications (9.2%)
compared with new LVAD patients (13.1%) or prior
LVAD patients (22.5%).

Other discharge medications
Diuretic prescription at discharge was highest among

advanced HF patients without an LVAD (80.1%), followed
by new (65.9%) and prior LVAD (47.4%) patients (P b
.0001) (Table IV). Similarly, digoxin use was highest
among non-LVAD patients (35.3%) and lowest among
prior LVAD patients (10.5%) (P b .0001). Amiodarone was
more often prescribed at discharge to new LVAD
recipients (31.4%) than prior LVAD patients (14.0%) or
patients without an LVAD (21.7%) (P b .0001).

Temporal trends in HF discharge medication
Figure 2, A shows unadjusted HF medication prescrip-

tion trends among LVAD recipients (n = 429) from 2009
through 2014. Overall, β-blocker prescription did not
change over the 6-year period (overall use: 56.8%) (P =
.19). ACEI/ARB prescription decreased from a peak of
66.7% in 2010 to 41.4% in 2014 (overall use: 49.3%) (P =
.0003). Aldosterone antagonist use increased from 13.3%
in 2009 to 55.8% in 2014 (overall use: 47.7%) (P b .0001).
Hydralazine nitrate use decreased from 33.3% in 2009 to
12.9% in 2014 (overall use 17.4%) (P = .0056). For
advanced HF patients without LVAD support, β-blocker
and ACEI/ARB prescription decreased, but aldosterone
antagonist and hydralazine-nitrates prescription did not
significantly change (Figure 2, B).

Regression analysis
Table V presents the patient and hospital characteristics

significantly associated with prescription of HF medica-
tions at discharge for all LVAD patients; the Supplement
(Table S2) provides the full list of covariates and
associated odds ratios (ORs). There were no hospital
characteristics significantly associated with HF medica-
tion prescription. Patient age, per 10 years, was inversely
associated with β-blocker (adjusted OR 0.23, 95% CI
0.12-0.42, P b .0001), ACEI/ARB (OR 0.75, 95% CI
0.57-0.99, P = .04), and aldosterone antagonist (OR
0.77, 95% CI 0.66-0.90, P b .0001) prescription.
Admission year was positively associated with aldoste-
rone antagonist prescription (OR per year 1.44, 95% CI
1.06-1.97, P = .02).

Discussion
Since 2006, N15,000 individuals with advanced HF have

received an LVAD in the United States. For these patients,
there are no clinical trials to guide the medical
management of their HF. It is common practice to use
β-blockers, ACEI/ARB, and aldosterone antagonists for
blood pressure control after device implantation,6–8,13

but there remains significant controversy as to the use of
these antiadrenergic agents for the myocardium itself. We
used the national GWTG-HF registry to describe contem-
porary discharge prescription patterns of HF medications
among advanced HF patients with and without LVADs.
We found a moderate level of use among patients
admitted for LVAD implant and LVAD patients readmitted
to the hospital: 56.8% were prescribed an evidence-based
β-blocker, 49.3% were prescribed an ACEI/ARB, and
47.7% were prescribed aldosterone antagonist therapy. In
comparison, advanced HF patients without the hemody-
namic support of LVADs were prescribed β-blockers
(73.4%), ACEI/ARB (63.1%), and aldosterone antagonists
(48.7%) more frequently. We also found that aldosterone
antagonist prescription to LVAD patients nearly quadru-
pled from 13.3% in 2009 to 55.8% in 2014, whereas ACEI/
ARB prescription use decreased N20 percentage points
over the period of analysis. Altogether, these findings
characterize profound clinical uncertainty of the optimal
medication regimen for the LVAD patient.
The effects of mechanical unloading from an LVAD are

complex and include the regression of myocyte hyper-
trophy and, potentially, the progression of cell
atrophy.14–16 It has been proposed that antiadrenergic
HF medications, combined with LVAD support, may
enhance LVAD-induced positive remodeling and reduce
LVAD-induced negative remodeling.17 To date, however,
there are very few human studies demonstrating the
cellular or clinical benefits of antiadrenergic HF pharma-
cotherapy in LVAD recipients.18,19 Because of the lack of
clinical evidence, the International Society for Heart and
Lung Transplant guidelines do not recommend HF
pharmacotherapy in LVAD patients to reverse left
ventricular remodeling. Rather, they recommend
β-blockers for hypertension and tachyarrhythmia control,



Table IV. Other medications prescribed at discharge

Discharge medication Overall New LVAD Prior LVAD Advanced HF (no LVAD) P value

Diuretic (%) 1419 (75.2) 170 (65.9) 81 (47.4) 1168 (80.1) b.0001
Lipid lowering 953 (59.6) 113 (53.8) 66 (64.1) 774 (60.2) .30
Calcium-channel blocker 54 (2.9) 13 (5.0) 12 (7.0) 29 (2.0) b.0001
Digoxin 588 (31.2) 55 (21.3) 18 (10.5) 515 (35.3) b.0001
Amiodarone 422 (22.4) 81 (31.4) 24 (14.0) 317 (21.7) b.0001
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ACEI/ARBs for hypertension and risk reduction in
patients with vascular disease and diabetes, and mineral-
ocorticoid receptor antagonists for potassium repletion
and antifibrotic effects (class I, all level of evidence C).13

The paucity of evidence to support HF medication in
LVAD recipients helps explain why HFmedications in our
study were prescribed less frequently to patients with
LVADs than to advanced HF patients without LVADs. The
difference in prescription is likely also explained by the
fact that LVAD patients had higher rates of reported
contraindications to β-blockers and ACEI/ARB than
non-LVAD patients; for instance, N44% of prior LVAD
patients, versus 35.4% of non-LVAD patients, had a
contraindication to ACEI/ARB prescription at discharge.
We suspect that many of the prior LVAD patients were
readmitted for device-related adverse events, such as
bleeding or infection,20 and therefore may not have
tolerated these medications. Many advanced HF patients
without LVAD support likely also had contraindications
to these medications possibly because of severe decom-
pensation, advanced age, hypotension, frailty, or other
comorbidities.
We found that older age was significantly associated

with a decrease in likelihood of β-blocker, ACEI/ARB, and
aldosterone antagonist prescription to LVAD recipients.
Decreased use of HF-specific medications among older
patients with mild to moderate HF has been shown
previously in the GWTG-HF registry21,22 and among
Medicare patients with coronary artery disease.23 Older
age is likely confounded by an increased risk of
comorbidities that lowers tolerance for HF medications.
The use of HF medications after LVAD implantation was

recently described using data from the Interagency
Registry for Mechanically Assisted Circulatory Support
(INTERMACS) registry.24 The study did not report
medication use among LVAD recipients after readmis-
sions. Among 9,359 patients, use of β-blockers by 1
month after implant was 55.6%, use of ACEI/ARB was
39.2%, and use of aldosterone antagonists was 31.4%. In
comparison, we report N10 percentage points higher
prescription of ACEI/ARB and aldosterone antagonists at
discharge among new LVAD recipients. As the patient
characteristics in the INTERMACS registry are similar to
patient characteristics in the GWTG-HF registry, we
suspect that some of the difference in medication use can
be explained by differences in the hospitals included in
each study. Hospitals enrolled in the GWTG-HF program
are known to demonstrate better processes of care than
other hospitals not enrolled in GWTG-HF, including
higher HF medication prescription at discharge.25 It is
crucial that future research examine whether differences
in LVAD medication use—at the individual and hospital
level—translate into clinically important differences in
outcomes.

Limitations
This study has several limitations. We attempted to

identify a comparison group of advanced HF patients
without LVAD support using ejection fraction and
in-hospital use of intravenous medications. However,
identifying patients with refractory, advanced HF (stage
D) is challenging because HF progression is highly
variable and the exact course is uncertain.26 It is possible
that we included patients in the non-LVAD group that
recovered and would no longer be considered as
appropriate comparisons. Alternatively, patients in the
non-LVAD group may be sicker or frailer than the patients
who qualified for LVAD support. Ultimately, we chose a
definition that attempted but could not definitively
characterize a group of patients with progressive signs
and symptoms of HF.
We were unable to ascertain the specific reasons for

contraindication to prescription, such as hypotension for
β-blockers and ACEI/ARB; furthermore, it is possible that
contraindications may have been underreported. Third,
we were unable to account for repeat hospitalizations in
our study; advanced HF patients are at high risk for
readmission due to acute decompensated HF27 and/or
LVAD complications.28 Rates of prescription at discharge
may be lower than expected if patients were already
prescribed those medications during a previous hospital-
ization. Fourth, we were unable to determine whether
patients received LVADs as bridge-to-transplant or desti-
nation therapy: medication management may be influ-
enced by the expected duration of LVAD support. We
also did not have information on the severity of disease,
such as the INTERMACS clinical profile, at the time of
implantation. Fifth, we did not have information on the
reasons for admission, in addition to HF; admissions for
LVAD adverse events, such as bleeding, would help
explain patterns of lower medication use. We also did not
have information on associated clinical outcomes, such as



Figure 2

Temporal trends in HF medications prescribed at discharge to (A) patients with LVADs and (B) advanced HF patients without LVADs. The LVAD
patients included 429 patients with an LVAD implant in-hospital or a medical history of LVAD. P values were based on Cochran-Armitage tests for
trend.

Table V. Select factors associated with HF medication
prescription at discharge to patients with LVADs

Model and variable Adjusted OR (95% CI) P value

β-Blocker
Age, per 10 y 0.23 (0.12-0.42) b.0001

ACEI/ARB
Age, per 10 y 0.75 (0.57-0.99) .04

Aldosterone antagonist
Age, per 10 y 0.77 (0.66-0.90) b.0001
Admission year 1.44 (1.06-1.97) .02

Hydralazine nitrate
Female 4.04 (1.45-11.26) .01

See Supplement for nonsignificant factors in models.
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stroke, bleeding, or death. Sixth, the sample size of LVAD
patients was small, and power was limited to fully
examine factors that affected discharge prescription
patterns. Unmeasured confounding may influence these
findings. Finally, the 32 LVAD centers represented in
GWTG-HF may not be representative of all hospitals that
treat LVAD and advanced HF patients in the United States.

Conclusion
In summary, our multicenter registry analysis highlights

the clinical uncertainty that surrounds prescription of
β-blockers, ACEI/ARB, and aldosterone antagonists in
LVAD recipients. Prescription of these antiadrenergic
medications was highly variable between 2009 and 2015.
They were not prescribed as frequently for LVAD
recipients as they were for advanced HF patients without
LVAD support. We hypothesize that the moderate use of
HF medications in LVAD patients was due to medication
intolerance and the lack of evidence to support their use.
Further research is needed on the benefit of antiadrener-
gic therapy in patients with LVADs.
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