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Background-—People with end-stage renal disease (ESRD) are at risk for advanced heart failure, but little is known about use and
outcomes of durable mechanical circulatory support in this setting. We examined use and outcomes of implantable ventricular
assist devices (VADs) in a national ESRD cohort.

Methods and Results-—We performed a retrospective cohort study of Medicare beneficiaries with ESRD who underwent
implantable VAD placement from 2006 to 2014. We examined in-hospital and 1-year mortality, all-cause and cause-specific
hospitalizations, and heart/kidney transplantation outcomes. We investigated as predictors demographic factors, time-period of
VAD implantation, primary or post-cardiotomy implantation, and duration of ESRD before VAD implantation. We identified 96
people with ESRD who underwent implantable VAD placement. At time of VAD implantation, 74 (77.1%) were receiving
hemodialysis, 10 (10.4%) were receiving peritoneal dialysis and 12 (12.5%) had renal transplant. Time from incident ESRD to VAD
implantation was median 4.0 (interquartile range 1.1, 8.2) years. Mortality during the implantation hospitalization was 40.6%.
Within 1 year of implantation 61.5% of people had died. On multivariable analysis, males had half the mortality risk of females.
Lower mortality risk was also seen with VAD implantation in a primary setting, and with more recent year of implantation, but these
results did not reach statistical significance.

Conclusions-—Medicare beneficiaries with ESRD are undergoing durable VAD implantation, often several years after incident
ESRD, although in low numbers. Mortality is high among these patients, highlighting the need for investigations to improve
treatment selection and management. ( J Am Heart Assoc. 2018;7:e008664. DOI: 10.1161/JAHA.118.008664.)
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H eart failure (HF) affects �6.5 million people ≥20 years
of age in the United States, and contributes to 1 in 8

deaths.1 Chronic kidney disease (CKD) affects >30 million

people in the United States, and over 700 000 people have
end-stage renal disease (ESRD).2,3 Cardiovascular disease is a
primary cause of morbidity and death among people with
CKD, who are at high risk for coronary heart disease, diastolic
and systolic left ventricular dysfunction, valvular disease, and
arrhythmias.4 Ventricular assist devices (VADs) are used for
advanced HF that cannot be managed with conservative
therapies, and can be used as life-sustaining therapy until
cardiac transplantation, as permanent or destination therapy,
or as temporary support while cardiac function improves.5

Among people undergoing left ventricular assist device (LVAD)
implantation, preimplantation kidney dysfunction, especially
preimplantation dialysis, is associated with poor outcomes,
although the chronicity of kidney dysfunction in reports is
generally unclear and may reflect largely acute and subacute,
rather than chronic, dysfunction.6

An American Heart Association statement from 2012 on
the appropriate use of mechanical circulatory support stated
that patients on long-term dialysis should not be considered
for durable support.7 Decisions on patient selection vary by
center, with some centers having even more stringent kidney

From the Section of Nephrology, Department of Medicine, Selzman Institute for
Kidney Health (C.P.W., J.N., W.C.W., S.D.N.), Division of Cardiothoracic
Transplantation and Circulatory Support (F.H.C., J.A.M.), Section of Cardiology,
Department of Medicine (A.P.N., S.E.F., A.D.), and Center for Medical Ethics
and Health Policy (S.E.F.), Baylor College of Medicine, Houston, TX; Department
of Cardiopulmonary Transplantation and the Center for Cardiac Support, Texas
Heart Institute, Houston, TX (J.A.M.); Sections of Cardiology (S.E.F., A.D.) and
Nephrology (S.D.N.), Michael E. DeBakey Veterans Affairs Medical Center,
Houston, TX.

Accompanying Tables S1 through S3 and Figure S1 are available at http://jaha.
ahajournals.org/content/7/14/e008664/DC1/embed/inline-supplementary-
material-1.pdf

Correspondence to: Carl P. Walther, MD, One Baylor Plaza, Houston, TX
77030. E-mail: carl.walther@bcm.edu

Received January 16, 2018; accepted June 1, 2018.

ª 2018 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

DOI: 10.1161/JAHA.118.008664 Journal of the American Heart Association 1

ORIGINAL RESEARCH

info:doi/10.1161/JAHA.118.008664
http://jaha.ahajournals.org/content/7/14/e008664/DC1/embed/inline-supplementary-material-1.pdf
http://jaha.ahajournals.org/content/7/14/e008664/DC1/embed/inline-supplementary-material-1.pdf
http://jaha.ahajournals.org/content/7/14/e008664/DC1/embed/inline-supplementary-material-1.pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


function requirements for LVAD placement.8 Several recent
publications address long-term dialysis management in peo-
ple with LVADs, although this is often in the context of ESRD
developing after LVAD implantation.9 With advancing tech-
nologies, management challenges change. Continuous flow
devices, now used almost exclusively, are less preload
dependent than the earlier pulsatile flow devices,10 perhaps
making volume shifts with ultrafiltration in hemodialysis less
concerning. However, they are associated with more gas-
trointestinal bleeding and cerebrovascular events.11,12 ESRD
and VADs may have overlapping and negatively synergistic
risk profiles, related to bleeding complications, infections, and
neurologic dysfunction.

Organizations and authors are increasingly advocating for
an integrated palliative care approach to the care of people
with advanced heart failure, given their substantial symptom
burden and high mortality. An American Heart Association
scientific statement suggests routine palliative care physician
consultation before institution of mechanical circulatory
support, and The Joint Commission requires palliative care
specialist involvement for VAD destination therapy.13–15

Organizations and authors are also increasingly recognizing
the important role palliative care plays in ESRD, and especially
congestive heart failure complicating ESRD.16,17 People with
ESRD, and those with congestive heart failure, may receive
lower quality end-of-life care than those with other life-limiting
conditions.18

We aimed to describe implantable VAD use among
Medicare beneficiaries with ESRD, and their hospitalizations
and survival. We hypothesized that mortality would decrease

in more recent years and would vary between people who
were receiving dialysis and those with kidney transplants. We
investigated the use of implantable VADs in Medicare
beneficiaries with ESRD, including dialysis-dependent people
(CKD 5D) and kidney transplant recipients (CKD T), using data
from the United States Renal Data System (USRDS).

Methods
The data files are publicly available from the USRDS. The
analytic methods and study materials will not be maintained
in a publicly available repository for other researchers to
reproduce the results or replicate the procedure.

Study Population
We identified Medicare beneficiaries with ESRD who received
an implantable VAD between 2006 and 2014, using the
USRDS database. The USRDS collects and distributes infor-
mation about chronic kidney disease (CKD) and end-stage
renal disease (ESRD) in the United States, in collaboration
with the Centers for Medicare & Medicaid Services.19 We
used the Centers for Medicare & Medicaid Services ESRD
Standard Analytical Files (SAFs) from 2006 to 2014, which
include Part A and Part B claims for all people with traditional
Medicare and ESRD, to identify VAD implantation among
people with pre-existing ESRD.19 We identified implantable
VAD placement using Medicare Part A institutional claims with
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) procedure code 37.66 (insertion of
implantable heart assist system). The claims also had to
include diagnoses for HF or cardiogenic shock, in which case
it was classified as primary therapy, or there had to be a claim
within 30 days prior for a separate major cardiac surgery, in
which case it was classified as post-cardiotomy
(Table S1).20,21 In 2005, before our study period, ICD-9-CM
procedure codes were refined to distinguish implantable
(37.66) and non-implantable (37.62 and 37.65) ventricular
assist devices.20 We required the VAD index date to be
>30 days after the ESRD index date, which was obtained from
the ESRD Medicare Evidence Report (Centers for Medicare &
Medicaid Services Form 2728). People who recovered kidney
function before VAD implantation were excluded (n=24).
Transplantation was identified from Medicare institutional
claims with ICD-9-CM 37.51 (heart transplantation), or USRDS
reported kidney transplantation event, which is based on
Organ Procurement and Transplantation Network data. People
were excluded from the cohort if they had heart transplan-
tation within 30 days before, or on the same day of, the VAD
implantation. We determined hemodialysis vascular access at
time of VAD implantation using the Medical Evidence Report,
Medicare procedural claims, and, for VAD implantation since

Clinical Perspective

What Is New?

• People with end-stage renal disease (ESRD) are at risk for
advanced heart failure, but little is known about use and
outcomes of durable mechanical circulatory support in this
setting.

• Using Medicare data, the current study demonstrates that
ventricular assist devices are being implanted in people with
pre-existing ESRD, sometimes several years after incident
ESRD.

• These people have high in-hospital and 1-year mortality.

What Are the Clinical Implications?

• Clinicians should be aware of the high mortality among
Medicare beneficiaries with ESRD who undergo ventricular
assist device implantation.

• Investigations are needed to improve outcomes of people
with ESRD who require mechanical circulatory support for
advanced heart failure.

DOI: 10.1161/JAHA.118.008664 Journal of the American Heart Association 2

Implantable VADs in People With ESRD Walther et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



July 2010, the Centers for Medicare & Medicaid Services
Common Procedure Coding Standard (HCPCS) modifier codes
from the Revenue Center Details Files.

Predictors
We divided VAD implantation years into ranges (2006–2009,
2010–2011, and 2012–2014), to reflect changing patterns of
device technology and experience (eg, changes in device
strategy from use as a bridge to heart transplantation in the
earlier years, to use as destination therapy also in later years).
From 2006 to 2009, pulsatile flow pumps were common,
whereas continuous flow pumps have been used almost
exclusively since 2010.22 Demographic factors, ESRD modality
(hemodialysis, peritoneal dialysis, or kidney transplant), VAD
implantation circumstance (primary or post-cardiotomy), and
cause of ESRD (diabetes mellitus, or other, based on the ESRD
Medical Evidence Report) were also evaluated as predictors of
mortality. We also evaluated the duration of ESRD before VAD
implantation as a predictor of mortality (dichotomized into
<1 year, or ≥1 year), because of possible clinical differences
between those with early versus later VAD implantation after
incident ESRD. For example, early VAD implantation may be
more common in Type 2 cardiorenal syndrome, whereas late
VAD implantation may reflect a Type 4 or 5 cardiorenal
syndrome.23

Outcomes
We identified all-cause mortality from the USRDS database,
which combines death identification from several sources.19

In-hospital mortality was identified by comparing hospitaliza-
tion dates and dates of death. Duration of hospitalization was
determined using Medicare claims. Hospitalizations with
discharges followed by admission on the same day were
counted as 1 hospitalization. Proportion of days hospitalized
in the first year following the VAD implantation was calculated
by the total number of days of hospitalization divided by the
days before death, heart or heart-kidney transplantation, or
loss of Medicare Parts A and B coverage. Among patients
discharged alive from the initial hospitalization and having
continuous Medicare Parts A and B, we determined readmis-
sion causes by classifying the primary discharge diagnosis
using the Healthcare Cost and Utilization Project Clinical
Classification Software for most causes.24 Infection-related
readmissions were determined from the primary discharge
diagnosis, using ICD-9-CM codes as outlined in Table S2.25

Covariates
We extracted demographic data from the USRDS Patients file.
We identified comorbid conditions from inpatient and

outpatient claims submitted to the Centers for Medicare
and Medicaid Services within 2 years before VAD implanta-
tion (as early as 2004), among the subgroup of those with
continuous Medicare Parts A and B coverage during that time,
using ICD-9-CM diagnostic codes (Table S1). We verified that
the ICD-9-CM codes used did not change substantively
between 2004 and 2014. We obtained the cause of ESRD
from the Medical Evidence Report.

Statistical Methods
Characteristics at the time of VAD implantation were
described as mean (SD) or median (interquartile range) for
continuous variables, and as number (%) for categorical
variables. Descriptive statistics are provided for the overall
cohorts, and for subgroups by ESRD modality and VAD
implantation year. Subjects were right censored when they
lost continuous Medicare Parts A and B coverage or survived
1 year after VAD implantation, whichever was earlier. Heart
and/or kidney transplantation were considered as competing
events. Cumulative mortality incidence in 1 year after VAD
implantation was estimated considering competing events
and compared between subgroups using Gray’s test.26

Baseline factors hypothesized to be associated with mortality
(age, dichotomized race, sex, cause of ESRD [diabetes
mellitus or other], year-range of VAD implantation, and
implantation circumstance [primary or post-cardiotomy]) were
evaluated using univariable and multivariable cause-specific
hazards regression models and subdistribution hazard mod-
els, using transplantations as competing events, and are
reported with hazard ratios (HR) and 95% confidence intervals.
We limited the number of variables in the models to avoid
overfitting. Readmission was calculated using cumulative
incidence of first readmission over 1 year, with competing
events of death and transplantation, among patients with
continuous Medicare Parts A and B who survived the index
hospitalization. We created a competing events graph for
those on maintenance dialysis at VAD implantation, demon-
strating the proportions alive on dialysis, transplanted, and
deceased, over 1 year. We conducted the analyses using SAS
9.4 (SAS Institute, Cary, NC). Two-sided significance at
a=0.05 was used in all analyses.

This study was approved by the Institutional Review Board
at Baylor College of Medicine (protocol #H-36408). Informed
consent was waived.

Results

Patient Characteristics
We identified 96 people with ESRD who underwent VAD
implantation (Tables 1 and 2). Seventy-four people (77.1%)
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were on hemodialysis, 10 (10.4%) were on peritoneal dialysis,
and 12 (12.5%) had a functioning kidney transplant at time of
VAD implantation. Age at VAD implantation ranged from 25 to
80 years old, and mean (SD) age at implantation was 56.8
(12.5) years. Females made up 21.9% of the cohort, with
similar sex distributions in subgroups based on ESRD
modality. Most of the cohort was classified as white, and
approximately one third of the cohort was black. Diabetes
mellitus was the most common cause of ESRD. Time from
incident ESRD to VAD implantation ranged from 0.1 to
27.6 years. Among those with kidney transplants, the interval
was longer (median [interquartile range] 14.5 [8.4, 21.2]
years), compared with those on hemodialysis or peritoneal
dialysis (3.7 [0.9, 6.6] years) (Table 2). In each modality and
era subgroup, >55% underwent VAD implantation for primary
indications, except the 2006 to 2009 era, in which 44.7% had

a primary indication (Table 2). Among those on maintenance
hemodialysis at time of VAD implantation, 43.3% used a
dialysis catheter, 41.9% used an arteriovenous dialysis access
(fistula or graft), and 14.9% used unknown dialysis access.

Mortality and Transplantation
Mortality rates were high early after implantation, and
subsequently declined (Figure 1). Thirty-nine people (40.6%)
died during the VAD implantation hospitalization, with similar
in-hospital mortality in the dialysis and kidney transplant
subgroups. An additional 20 people died within 1 year of VAD
implantation, for a total 1-year mortality of 61.5%. This
proportion did not vary significantly by whether the patient
was receiving maintenance hemodialysis, peritoneal dialysis,
or had a functional kidney transplant at time of implantation.
Cumulative 1-year mortality incidence was 48.4% in the
primary implantation group, compared with 73.8% in the post-
cardiotomy group (P=0.003), due primarily to early mortality
events (Figure S1). For the most recent VAD implantations
(2012–2014), 1-year cumulative mortality was 51.5%, com-
pared with 63.4% in 2006 to 2009 (P=0.11). We also analyzed
1-year cumulative mortality by the interval from incident ESRD
to VAD implantation, dichotomized at 1 year, and found
similar outcomes (interval <1 year: 61.7%, interval ≥1 year:
59.0%).

In the multivariable-adjusted cause-specific hazard model,
males had less than half the risk of death (HR [95%
confidence interval] 0.48 [0.26, 0.89]) compared with
females (Table 3). VAD implantation in 2012 to 2014 was
associated with a point estimate 45% lower risk compared
with 2006 to 2009, but this was not statistically significant
(HR [95% confidence interval]: 0.55 [0.29, 1.06]). Post-
cardiotomy VAD implantation was associated with nearly
twice the mortality risk of primary VAD implantation in the
univariable model, although this lost statistical significance
in the multivariable model (HR [95% confidence interval]
1.77 [0.97, 3.23]). Subdistribution hazard models yielded
similar findings (Table S3). Figure 2 shows the proportions
of the initial cohort that remained alive and on dialysis, had
received transplants, or had died before receiving trans-
plants, over the first year following VAD implantation.
Among those with CKD 5D at the time of VAD implantation,
by 1 year following VAD implantation, 10.4% had received
transplantation, and 30.2% remained on dialysis.

Duration of Hospitalizations
Among those who survived the initial hospitalization, the time
from VAD implantation until discharge was median (interquar-
tile range) 27.5 (12.5, 48.5) days, with a maximum interval of
251 days. The proportion of the first year (mean [SD])

Table 1. Characteristics of the ESRD Cohort at Time of VAD
Implantation (N=96)

Age, y 56.8�12.5

Female 21 (21.9%)

Race

Black 34 (35.4%)

White/Other 62 (64.6%)

Hispanic ethnicity 17 (17.7)

Cause of ESRD

Diabetes mellitus 41 (42.7%)

HTN/Large vessel disease 22 (22.9%)

Glomerulonephritis 15 (15.6%)

Other 18 (18.8%)

Time from start of ESRD treatment to VAD, years 4.0 (1.1, 8.2)

VAD implantation circumstance

Primary therapy 54 (56.3%)

Post-cardiotomy 42 (43.8%)

Continuous Medicare for 2 years
before VAD implantation

53 (55.2%)

Comorbidities*

Atrial fibrillation/flutter 25 (47.2%)

Lung disease 26 (49.1%)

Coronary artery disease 43 (81.1%)

Diabetes mellitus 31 (58.5%)

Hypertension 51 (96.2%)

Peripheral vascular disease 24 (45.3%)

Valvular cardiac disease 34 (64.2%)

Values for categorical variables are given as number (percentage); continuous variables
as mean�SD or median (interquartile range). ESRD indicates end-stage renal disease;
HTN, hypertension; VAD, ventricular assist device.
*Among those with continuous Medicare Parts A and B for 2 years before VAD
implantation.
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following VAD implantation spent in the hospital (censoring at
death, heart or heart-kidney transplant, or loss of Medicare
Parts and/or B) was 61.8% (38.1%). This was similar across
ESRD modalities but was 15.5% lower in more recent years
(51.7% [36.2] in 2012–2014, compared with 67.2% [38.2] in
2006–2011). This corresponds to a reduction of 56.6
hospitalization days over a 1-year risk period, comparing
2006 to 2011 with 2012 to 2014.

All-Cause and Cause-Specific Readmissions
Of the 43 people who survived the initial hospitalization and
had continuous Medicare coverage, 38 (88.4%) had at least 1
readmission during the first year. The most common
readmission causes during the first year were cardiovascular
(62.8% of people had a cardiovascular readmission), infection

(51.5%), and gastrointestinal or other non-intracranial hemor-
rhage (30.3%).

Discussion
In this national cohort of people with ESRD, on either
maintenance dialysis or with functioning kidney transplant,
who received implantable VAD placement, we found that over
half the patients died within 1 year. This cohort consisted of
people with severe organ dysfunction, requiring dual organ

Figure 1. Cumulative incidence of mortality stratified by era of
ventricular assist device implantation. (2012–2014 vs 2006–
2009: P=0.11; 2010–2011 vs 2006–2009: P=0.48). VAD
indicates ventricular assist device.

Table 2. Characteristics for Total Cohort, and Subgroups Based on ESRD Modality and Year of VAD Implantation

Total (N=96)

ESRD Modality Year of VAD Implantation

HD/PD (n=84)
Kidney
Transplant (n=12) 2006–2009 (n=38) 2010–2011 (n=25) 2012–2014 (n=33)

Age, y 60.0 (49.0, 65.0) 60.0 (49.0, 64.0) 60.0 (49.0, 70.0) 56.5 (42.0, 63.0) 61.0 (53.0, 68.0) 61.0 (54.0, 65.0)

Time from ESRD to
VAD implantation (y)

4.0 (1.1, 8.2) 3.7 (0.9, 6.6) 14.5 (8.4, 21.2) 5.0 (0.8, 8.1) 2.6 (0.8, 8.3) 4.2 (3.0, 7.8)

VAD placement indication

Primary indication 54 (56.3%) 47 (56.0%) * 17 (44.7%) 15 (60.0%) 22 (66.7%)

Post-cardiotomy 42 (43.8%) 37 (44.0%) * 21 (55.3%) 10 (40.0%) 11 (33.3%)

Categorical variables are number (percentage); continuous variables are median (interquartile range). ESRD indicates end-stage renal disease; HD, hemodialysis; PD, peritoneal dialysis;
VAD, ventricular assist device.
*Cell counts suppressed for n<10.

Table 3. Cause Specific Hazards Models for Mortality

Hazard Ratios (95% Confidence Intervals)

Univariable Multivariable

Age (per 1 y) 1.01 (0.99, 1.03) 1.01 (0.98, 1.03)

Race

Other 1 (ref) 1 (ref)

Black 0.63 (0.36, 1.09) 0.79 (0.44, 1.42)

Sex

Female 1 (ref) 1 (ref)

Male 0.54 (0.28, 1.04) 0.48 (0.26, 0.89)

Cause of ESRD

Other 1 (ref) 1 (ref)

Diabetes mellitus 1.50 (0.87, 2.59) 1.26 (0.73, 2.18)

VAD implantation year

2006–2009 1 (ref) 1 (ref)

2010–2011 0.79 (0.41, 1.54) 0.82 (0.43, 1.56)

2012–2014 0.56 (0.29, 1.09) 0.55 (0.29, 1.06)

VAD circumstance

Primary 1 (ref) 1 (ref)

Post-cardiotomy 1.96 (1.14, 3.37) 1.77 (0.97, 3.23)

ESRD indicates end-stage renal disease; VAD, ventricular assist device.
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support therapy, and as such, highmortality is expected. Nearly
half the cohort underwent post-cardiotomy implantation, which
generally has higher mortality, and in our cohort had 77% higher
mortality risk than primary implantation, although this did not
reach statistical significance inmultivariable analysis. We found
that males had much lower mortality risk than females after
VAD implantation, a pattern previously reported in non-CKD
LVAD cohorts.27 The hemodynamic instability and clinical
status at time of implantation, as reflected by the Interagency
Registry for Mechanically Assisted Circulatory Support (INTER-
MACS) profile, is an important determinant of mortality,27 and
is unknown in our cohort. It is likely, however, that the severe
chronic kidney disease and associated comorbidities are major
contributors to the high mortality.

Data from INTERMACS, a national database of people
receiving VAD implantation, show much higher survival than
our cohort, with 1-year survival of 81% in continuous flow
LVADs and 65% with pulsatile flow LVADs in 2006 to 2013.22

Bansal et al recently published an analysis of circulatory
support use in people with ESRD from 2003 to 2013, based
on Medicare claims.28 However, unlike our analysis, that
analysis included both external circulatory support devices
(ICD-9-CM 37.62 and 37.65) and implantable VADs.28,29 Thus,
temporary circulatory support devices were included, which
have different indications and outcomes than durable VADs,
including placement in dire circumstances such as acute
cardiogenic shock or cardiopulmonary arrest.30 This may in
part explain the higher reported in-hospital mortality (51.6%)
compared with our cohort (40.6%). Further, primary and post-

cardiotomy mechanical circulatory support were not distin-
guished in that report. Other publications on VADs in ESRD
are limited to case reports and small case series.31,32

Arteriovenous hemodialysis accesses, which divert a signifi-
cant portion of the cardiac output from systemic perfusion
and have been implicated in high-output HF, have been a
cause for concern, both in terms of whether maturation would
occur for arteriovenous fistulas, and whether systemic
perfusion would remain adequate.33,34 Recent case reports
have described successful arteriovenous fistulas maturation
in hemodialysis patients with LVADs.35,36 A large proportion
of our patients had arteriovenous accesses at time of VAD
implantation, but we were unable to investigate outcomes
related to dialysis access because of limited numbers.

Kidney dysfunction at time of LVAD implantation is
associated with worse outcomes in other cohorts, although
in those cases the dysfunction may reflect the severity of
cardiac decompensation, and may be primarily acute.6,22,37

Many other investigations have focused on acute kidney injury
complicating the LVAD implantation procedure, and on post-
implantation reductions in estimated glomerular filtration rate,
and both are associated with poor outcomes.38 Preimplanta-
tion proteinuria has recently been reported to be associated
with mortality and need for renal replacement therapy among
people receiving LVADs, which may reflect presence of
parenchymal kidney disease and endothelial dysfunction.39

Our cohort included exclusively people with chronic kidney
failure. To be included a nephrologist had to formally certify, at
least 30 days before VAD implantation, that the patient had
irreversible kidney failure requiring dialysis or kidney trans-
plantation. For most of our cohort, the ESRD declaration
antedated the VAD implantation by several years. The age and
preexisting comorbidities reflect the expected case-mix in a
group with end-stage heart and kidney disease. Diabetes
mellitus is the most common cause of ESRD, and was the most
common cause of ESRD among our cohort. Diabetes mellitus
itself is associated with higher mortality and other adverse
outcomes with VADs (including stroke, pump thrombosis, and
device infection).21,40 As VADs are more commonly used, they
are being implanted in people with higher comorbidity burden.
Because VAD placement in people with ESRD is not routine
practice, the people in our cohort may have been carefully
selected based on clinician expectation of recovery and life-
prolongation and placed in high-volume centers comfortable
with more complicated patients, factors which would make the
observed high mortality more concerning.

The decreased mortality risk point estimate in more recent
years mirrors improvements that have been reported in the
non-CKD VAD population.41 The decreasing mortality
observed in the non-CKD VAD population, likely because of
improved technology and increasing experience with care of
these patients, may be carrying over to people with ESRD. In

Figure 2. Cumulative incidence of competing outcomes of:
remaining on dialysis (alive without transplant), transplantation, or
death, among those with chronic kidney disease stage 5 on dialysis.
The curves represent the proportions at each time that remain in the
initial state (solid line: remaining on dialysis, alive without
transplant), or have changed up to that time either to the state of
having been transplanted (gray line), or having died (dashed line).
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April 2008, the HeartMate II (Abbott Laboratories, Abbott Park,
IL) was approved for bridging to transplantation by the Food and
Drug Administration, and in January 2010 received Food and
Drug Administration approval as destination therapy.42,43 This
type of second generation, axial continuous flow device is
smaller and more durable than prior pulsatile devices. These
continuous flow devices have lower risk of intraoperative
mortality, in addition to lower risk of infection.43 In 2012, the
HeartWare HVAD (HeartWare Int, Framingham, MA) received
Food and Drug Administration approval for bridge-to-transplant
therapy, and in 2013 and 2014 significant numbers of
centrifugal flow devices have been implanted. These devices
may bemore durable and have lower risk of pump thrombosis41

but may increase stroke risk.44

If clinicians consider VAD implantation in a person with
ESRD, given the prolonged hospitalizations, frequent compli-
cations and readmissions, and substantial mortality observed
in our study, integrated palliative care, with close cooperation
with a palliative care physician, is essential.

This analysis is the largest to our knowledge of people with
ESRD who receive exclusively implantable VADs and is based
on a national sample. The USRDS data set, with information
on many people with ESRD, allowed for the analysis of a
procedure that is not routine in this population. As such, it
expands current knowledge. Nevertheless, there are impor-
tant limitations. As it is based on administrative data, we are
unable to determine details of devices and clinical circum-
stances. We are also unable to confirm that all patients
underwent LVAD implantation; however, given the rarity of
biventricular or right VADs, this is likely the case. We are also
unable to confirm that these were the first VAD implantations,
rather than device replacement, in all people. However, most
had Medicare coverage before implantation, and among these
we confirmed that there were no prior VAD implantations.
Finally, because placement of VADs in people with ESRD
remains uncommon, the cohort was small, and thus adjust-
ment for potentially important comorbidities was limited.
Despite this, this is the largest description to date of
implantable VAD use in people with existing ESRD.

Conclusion
Implantable VAD placement in Medicare beneficiaries with
ESRD is associated with high in-hospital and 1-year mortality,
and readmissions. These risks may have improved in recent
years, because of VAD technology improvements. Combined
heart and kidney disease is a vexing problem, and people with
ESRD and severe HF who undergo VAD implantation are
among the most profoundly ill people. Our investigation
highlights the need for further studies to determine optimal
management of these coexisting conditions.
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SUPPLEMENTAL MATERIAL



 

Table S1: ICD-9-CM codes used for VAD indication classification, and for 
comorbidities. 

VAD Indication Classification ICD-9-CM codes 

Primary therapy Heart failure: 428.x, 402.x1, 404.x1, 
404.x3

Cardiogenic shock: 785.51 

Post-cardiotomy 36.1x, 35.11-35.14, 35.21-35.28, 37.11, 
37.62, 37.65 

Comorbidities 

Diabetes 249.x, 250.x, 357.2, 362.0x

Atrial fibrillation/flutter 427.3x 

Valvular heart disease 394.x-397.1, 424.x, 746.3-746.6, v42.2,
v43.3

Coronary disease 36.0x-36.39, 410.x, 411.x, 412, 413.x, 
414.x, v45.81-v45.82

Ventricular fibrillation 427.1, 427.4x 

Cerebrovascular disease 430, 431, 432.x 433.x, 434.x, 435.x, 436, 
437.x, 438.x

Peripheral vascular disease 38.03, 38.05, 38.06, 38.08, 38.10, 38.44, 
39.22, 39.23, 39.24, 39.25, 39.26, 39.29, 
39.71, 440.2x, 440.3x, 440.4, 440.8, 
440.9, 441.x, 443.x, 445.x, 557.x 

Hypertension 401.x-405.x

Chronic pulmonary disease 490.x-496.x, 500-505, 506.4, 516, 516.0,
516.1, 516.2, 516.3, 516.8, 516.9

Cancer 140.x-165.x, 170.x-172.x, 174.x, 175.x,
180.x-209.x, 238.6, 273.3

Liver disease 070.x, 456.0, 456.1, 456.1, 456.2x, 570-
573.x, v42.7

Depression 296.2x, 296.3x,  296.5x, 296.82, 300.4, 
311 



Table S2. ICD-9-CM codes to identify infection related hospitalizations. 

0031, 0362, 0380, 03810, 03811, 03812, 03819, 0382, 0383, 03840, 03841, 03842, 
03843, 03844, 03849, 0388, 0389, 04082, 0545, 1125, 78552, 7907, 7908, 99591, 
99592  

03282, 03640, 03641, 03642, 03643, 07420, 07421, 07422, 07423, 11281, 11503, 
11504, 11593,11594, 1303, 3910, 3911, 3912, 3918, 3919, 3920, 4210, 4211, 4219, 
4220, 42292  

00321, 0360, 0361, 0470, 0471, 0478, 0479, 048, 0490, 0491, 0498, 0499, 0530, 
05310, 05314, 0543, 05472, 05474, 0550, 05600, 05601, 05609, 05821, 05829, 
0621, 0622, 0623, 0625, 0628, 0629, 0638, 0639, 064, 06641, 06642,0721, 0722, 
11283, 1142, 11501, 11591, 1300, 3200, 3201, 3202, 3203, 3207, 32081, 32082, 
32089, 3209, 3210, 3211, 3212, 3230, 32301, 32302, 3231, 3234, 32341, 32342, 
3240, 3241, 3249  

03283, 5670, 5671, 5672, 56721, 56722, 56723, 56729, 56789, 5679, 0030, 0038, 
0039, 0040, 0041, 0043, 0048, 0049, 0050, 0051, 0052, 0053, 0054, 00581, 00589, 
0059, 0071, 0074, 0075, 00800, 00801, 00802, 00803, 00804, 00809, 0081, 0082, 
0083, 00841, 00842, 00843, 00844, 00845, 00846, 00847, 00849, 0085, 00861, 
00862, 00863, 00864, 00865, 00866, 00867, 00869, 0088, 0090, 0091, 0092, 0093, 
0392, 0700, 0701, 07043, 07053, 0723, 07271, 11285, 1305, 5400, 5401, 5409, 541, 
542, 56201, 56203, 56211, 56213, 566, 56781, 5695, 5720, 5721, 5750, 57510  

03284, 0720, 59010, 59011, 5902, 5903, 59080, 59081, 5909, 5950, 5954, 59589, 
5959, 5970, 59800, 59801, 5990, 6010, 6012, 6013, 6014, 6019, 6031, 6040, 60490, 
60491, 6071, 6072, 6080, 6084, 6140, 6142, 6143, 6145, 6150, 6159, 6163, 6164  

00322, 01100, 01101, 01102, 01103, 01104, 01105, 01106, 01110, 01111, 01112, 
01113, 01114, 01115, 01116, 01120, 01121, 01122,01123, 01124, 01125, 01126, 
01130, 01131, 01132, 01133, 01134, 01135, 01136, 01150, 01151, 01152, 01153, 
01154, 01155, 01156, 01160, 01161, 01162, 01163, 01164, 01165, 01166, 01170, 
01171, 01172, 01173, 01174, 01175, 01176, 01180, 01181, 01182, 01183, 01184, 
01185, 01186, 01190, 01191, 01192, 01193, 01194, 01195, 01196, 0310, 0330, 
0338, 0339, 0391, 0521, 0551, 0730, 0796, 1124, 1140, 1145, 11505, 11595, 1304, 
1363, 4650, 4658, 4659, 4660, 46611, 46619, 4800, 4801, 4802, 4803, 4808, 4809, 
481, 4820, 4821, 4822, 48230, 48231, 48232, 48239, 48240, 48241, 48242, 48249, 
48281, 48282, 48283, 48284, 48289, 4829, 4830, 4831, 4838, 4841, 4843, 4846, 
4847, 4848, 485, 486, 4870, 4871, 488, 4880, 4881, 490, 49122, 4941, 5100, 5109, 
5111, 5130, 5131, 5192  

0311, 03285, 0390, 0400, 37601, 6800, 6801, 6802, 6803, 6804, 6805, 6806, 6807, 
6808, 6809, 68100, 68101, 68110, 68111, 6819, 6820, 6821, 6822, 6823, 6824, 
6825, 6826, 6827, 6828, 6829, 684, 6850, 6868, 6869, 72886, 9101, 9103, 9109, 
9111, 9113, 9119, 9121, 9123, 9129, 9131, 9133, 9139, 9141, 9143, 9149, 9151, 
9153, 9159, 9161, 9163, 9169, 9171, 9173, 9179, 9191, 9193, 9199  

00323, 00324, 03682, 37603, 05671, 71100, 71101, 71102, 71103, 71104, 71105, 
71106, 71107, 71108, 71109, 71140,71141, 71142, 71143, 71144, 71145, 71146, 



71147, 71148, 71149, 71150, 71151, 71152, 71153, 71154, 71155, 71156, 71157, 
71158, 71159, 71160, 71161, 71162, 71163, 71164, 71165, 71166, 71167, 71168, 
71169, 71180, 71181, 71182, 71183, 71184, 71185, 71186, 71187, 71188,71189, 
71190,71191, 71192, 71193, 71194, 71195, 71196, 71197,71198, 71199, 73000, 
73001, 73002, 73003, 73004, 73005, 73006, 73007, 73008, 73009, 73020, 73021, 
73022, 73023, 73024, 73025, 73026, 73027, 73028, 73029, 73080, 73081, 73082, 
73083, 73084, 73085, 73086, 73087, 73088, 73089, 73090, 73091, 73092, 73093, 
73094, 73095, 73096, 73097, 73098, 73099  

99662, 99931, 99668 

53086, 53641, 56961, 99660, 99661, 99663, 99664, 99665, 99666, 99667, 99669, 
99731, 99802, 99851, 99859, 9993, 99939 

Dalrymple LS, Mu Y, Romano PS, Nguyen DV, Chertow GM, Delgado C, et al. 
Outcomes of infection-related hospitalization in Medicare beneficiaries receiving in-
center hemodialysis. Am J Kidney Dis. 2015;65(5):754-62. 



Table S3. Subdistribution hazard models for people with ESRD on dialysis at 
time of VAD implantation, with transplantation as a competing event. 

Hazard Ratios (95% Confidence Intervals) 

Variables Univariate Multivariate 

Age (per 1 year) 1.01 (0.99, 1.03) 1.01 (0.99, 1.03) 

Race 

Other 1 (ref) 1 (ref) 

Black 0.65 (0.37, 1.13) 0.84 (0.47, 1.51) 

Sex 

Female 1 (ref) 1 (ref) 

Male 0.53 (0.28, 1.02) 0.46 (0.24, 0.85) 

Cause of ESRD 

Other 1 (ref) 1 (ref) 

Diabetes 1.53 (0.88, 2.64) 1.33 (0.77, 2.29) 

VAD implantation year 

2006-2009 1 (ref) 1 (ref) 

2010-2011 0.85 (0.44, 1.66) 0.89 (0.47, 1.68) 

2012-2014 0.60 (0.31, 1.17) 0.59 (0.31, 1.14) 

VAD implantation 
circumstance 

Primary 1 (ref) 1 (ref) 

Post-cardiotomy 1.96 (1.13, 3.37) 1.73 (0.95, 3.16) 



Figure S1. Cumulative incidence of mortality stratified by primary versus 
post-cardiotomy VAD implantation 

C
u

m
u

la
ti

ve
 in

ci
d

e
n

ce
 o

f 
d

e
a

th

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Months after index date

0 3 6 9 12

 LVAD implantation circumstance: Primary Post-cardiotomy

P = 0.003 


	Final Suppl 3335.pdf
	306337_2_supp_3416095_p9ygv7_convrt
	Blank Page

	Supplemental file 06222018




