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ABSTRACT
OBJECTIVES This study assessed the cost-effectiveness of left ventricular assist devices (LVADs) as destination
therapy in ambulatory patients with advanced heart failure.
BACKGROUND LVADs improve survival and quality of life in inotrope-dependent heart failure, but data are limited as
to their value in less severely ill patients.
METHODS We determined costs of care among Medicare beneﬁciaries before and after LVAD implantation from 2009
to 2010. We used these costs and efﬁcacy data from published studies in a Markov model to project the incremental
cost-effectiveness ratio (ICER) of destination LVAD therapy compared with that of medical management. We discounted
costs and beneﬁts at 3% annually and report costs as 2016 U.S. dollars.
RESULTS The mean cost of LVAD implantation was $175,420. The mean cost of readmission was lower before LVAD
than after ($12,377 vs. $19,465, respectively; p < 0.001), while monthly outpatient costs were similar ($3,364 vs. $2,974,
respectively; p ¼ 0.54). In the lifetime simulation model, LVAD increased quality-adjusted life-years (QALYs) (4.41 vs.
2.67, respectively), readmissions (13.03 vs. 6.35, respectively), and costs ($726,200 vs. $361,800, respectively)
compared with medical management, yielding an ICER of $209,400 per QALY gained and $597,400 per life-year gained.
These results were sensitive to LVAD readmission rates and outpatient care costs; the ICER would be $86,900 if
these parameters were 50% lower.
CONCLUSIONS LVADs in non–inotrope-dependent heart failure patients improved quality of life but substantially
increased lifetime costs because of frequent readmissions and costly follow-up care. LVADs may provide good
value if outpatient costs and adverse events can be reduced. (J Am Coll Cardiol HF 2017;5:110–9)
© 2017 by the American College of Cardiology Foundation. Published by Elsevier. All rights reserved.

T

he U.S. health care system spends more than

disease with frequent hospital admissions, low qual-

$26 billion annually for patients with heart

ity of life, and high mortality (2). The left ventricular

failure (HF) (1). Nearly 250,000 of the approx-

assist device (LVAD) is an established treatment

imately 6 million patients with HF have advanced

option for patients with inotrope-dependent HF,
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but use of LVADs as destination therapy (DT) is

transplant or implant of heart assist system

ABBREVIATIONS
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with

without major complications or comorbid-
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advanced HF who are not dependent on intravenous

ities”), rather than DRG code 001 (“Heart

inotropes (3).

transplant or implant of heart assist system

common

among

ambulatory

patients

Patients with non–inotrope-dependent HF have

with major complications or comorbidities”).

shorter lengths of stay for LVAD implantation and

We excluded implantations if heart trans-

better

plantation

survival
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than

patients

with

inotrope-

dependent HF, yet they still face considerable

occurred

during

the

same

DT = destination therapy
DRG = diagnosis-related group
HF = heart failure
ICER = incremental
cost-effectiveness ratio

admission.

INTERMACS = Interagency for

ongoing risks due to device complications (4,5). A

We determined costs from Medicare claims

recent study reported that readmission rates were

from 2008 to 2011 by using a 100% sample of

higher after LVAD implantation than among patients

inpatient claims (Part A) and a 20% sample of

LVAD = left ventricular assist

who received medical therapy (5).

physician/carrier (Part B), durable medical

device

DT-LVADs do not appear to be cost-effective in

Mechanically Assisted
Circulatory Support

equipment, hospice, outpatient, and home

MedaMACS = Medical Arm of

patients with inotrope-dependent HF (6–8), although

health

the Mechanically Assisted

the incremental cost per quality-adjusted life-year

imbursements and deductibles paid for by

(QALY) gained has become more favorable with

patients (Online Table S2) (9) and adjusted

second-generation devices and improved patient se-

costs to 2016 U.S. dollars, using the Consumer

lection. There are no randomized studies comparing

Price Index (10).

agency

claims.

We

included

re-

Circulatory Support

QALY = quality-adjusted
life-year

LVADs with medical therapy in ambulatory patients

Applying these criteria to the 100% Medicare

with advanced HF. It is not known whether LVADs

inpatient claims sample, we identiﬁed 220 beneﬁ-

would provide good value if used in these patients.

ciaries with inpatient claims for LVAD in 2009 or
2010, 20% of whom (n ¼ 45) also had outpatient costs.

SEE PAGE 120

COSTS AND LENGTH OF STAY. We calculated the

In this analysis, we documented costs of care from

average readmission cost and length of stay for

Medicare patients who received LVADs and combined

medical management, using inpatient claims from the

these data with evidence from published studies to

12 months prior to LVAD. For LVAD, we used claims

estimate the cost-effectiveness of LVADs in patients

from the 12 months after implant discharge. We

with non–inotrope-dependent advanced HF. We also

calculated stroke (DRG codes 061 to 069) separately

examined the cost-effectiveness of LVADs in patients

because stroke can lead to profound decrements in

who are not ideal candidates for the device and tested

quality of life. We calculated pump replacement

alternative scenarios to identify when LVADs provide

(International Classiﬁcation of Diseases, 9th edition

the most value.

procedure codes 37.53, 37.54, and 37.63) separately

METHODS

because this hospitalization costs substantially more
than other LVAD-related adverse events, such as
bleeding and driveline infection (11). We identiﬁed

MEDICARE COST ANALYSIS. We obtained costs for

patients with advanced HF receiving medical man-

readmission for bleeding as DRG codes 377, 378, 379,
811, or 812.

agement and from those receiving LVAD by analyzing

We obtained average monthly outpatient costs for

claims from Medicare beneﬁciaries before and after

medical management by using claims from the 12

LVAD implantation. We derived costs from a cohort

months leading up to implantation. For LVAD, we

that had characteristics similar to the registry partic-

used claims from the 12 months after implantation

ipants featured in our cost-effectiveness analysis

discharge if patients were alive and free of heart

(Online Table S1) (5).

transplant at the beginning of each monthly interval.

We identiﬁed fee-for-service Medicare beneﬁciaries who received an implantable VAD in 2009 or

Cost and length-of-stay data were compared using the
non-parametric Wilcoxon rank sum test.

2010. We identiﬁed implant hospitalizations by using

The Institutional Review Board at Stanford Uni-

an International Classiﬁcation of Diseases, 9th edition

versity School of Medicine approved the cost anal-

procedure code, in any position on the claim, of 37.66.

ysis. All p values were 2-sided, and p values #0.05

Non–inotrope-dependent patients tend to have
shorter lengths of stay for LVAD implantation than

were considered statistically signiﬁcant. All data were
analyzed using SAS version 9.2 (Cary, North Carolina).

inotrope-dependent patients (4), so to identify less
acutely ill patients at the time of implantation, we

MODEL-BASED

selected implantation hospitalizations using the

developed a Markov model to estimate survival,

diagnosis-related group (DRG) code 002 (“Heart

quality of life, hospital readmissions, and costs

COST-EFFECTIVENESS

ANALYSIS. We
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readmission for HF and other reasons, which lowered

T A B L E 1 Base Case Model Input Parameters

Age, yrs

quality of life and was costly. Patients receiving

Medical
Management

LVAD

Ref. #

61

61

(12,14)

Readmission

medical management were eligible to receive an
LVAD. Patients in the LVAD group underwent device
implantation, and survivors remained at risk for
readmissions as well as for LVAD complications. Less

Medical management total
(per patient-year)

than 3% of ambulatory patients with DT-LVADs or

Low-risk patients

0.84

(12)

medical therapy receive a heart transplant each year,

High-risk patients

1.8

(12)

and our model incorporated this small risk (5,12). The

LVAD total, per patient-yr*
LVAD pump replacement,
per patient-yr
Stroke, per patient-yr
% Proportion major stroke

2.0

(3,16)

–

0.05

(29,30)

0.02

0.09

(5,31)

annually and rounded incremental cost-effectiveness

40

40

(32)

ratios (ICER) to the nearest $100. The model

Treatment change

model followed patients over their remaining lifetimes (13). We discounted utilities and costs at 3%

was implemented using TreeAge Pro 2016 software

% LVAD received, annual

2.4

% Heart transplant received,
annual

2.4

(12)
2.4

(5,12)

(Williamstown, Massachusetts).
We estimated parameters for the model from the
INTERMACS (Interagency for Mechanically Assisted

Survival

Circulatory Support) and the MedaMACS (Medical Arm

% Medical management survival
at 1 yr
Low-risk patients

84

High-risk patients

73

(12)
(12)

of the Mechanically Assisted Circulatory Support)
registries (3,12,14). INTERMACS includes more than

% LVAD survival at 30 days

95

(33,34)

2,000 patients with non–inotrope-dependent HF who

% LVAD survival at 3 months

93

(14)

have received mechanical circulatory support since

% LVAD survival at 1 yr

83

(14)

2006. MedaMACS includes 144 patients with non–

% LVAD survival at 2 yrs

75

% Severe stroke survival at 1 yr

1

% Heart transplant survival at
30 days

inotrope-dependent advanced HF, followed between

1

(35)

May 2013 and February 2015. Patients in MedaMACS

95

(36)

were stratiﬁed by their HF clinician into 1 of 3 groups:

% Heart transplant survival at
1 yr

85

85

(37,38)

% Heart transplant survival at
7 yrs

45

45

(37,38)

and likely DT-LVAD ineligible. Perceived poor candidacy for LVAD was associated with higher mortality
and worse prognosis (12). For our base case, we used

Quality of life
Baseline utility

likely transplant eligible, likely DT-LVAD eligible,

0.40

0.40

(19)

Utility after LVAD implant,
2–5 months

0.66

(19)

Utility after LVAD implant,
$6 months

0.70

(19)

data from the LVAD-eligible group (designated herein
as “low risk”). Because some programs implant LVADs
in patients with multiple comorbidities, we performed
a complementary analysis using data from the likely

Utility after heart transplant,
$2 months

0.76

0.76

(39)

LVAD ineligible (“high-risk”) patients.

Utility after major stroke

0.30

0.30

(20)

predominately male and white, older than 60 years of

0 for length
of stay

0 for length
of stay

(21), Table 2

Utility during any
hospitalization

Participants in INTERMACS and MedaMACS were
age, had ischemic HF, a creatinine concentration of
1.4 mg/dl, and high use of HF medications at the time

Medical management cohorts were derived from the MedaMACS registry. Low-risk are likely
LVAD- eligible patients, and high-risk are likely LVAD-ineligible patients, as determined by the
practicing HF clinician. LVAD survival is free from heart transplant. Medical management survival
is free from heart transplant or LVAD. *Rate inclusive of stroke and pump replacement
readmissions.
HF ¼ heart failure; LVAD ¼ left ventricular assist device; MedaMACS ¼ Medical Arm of the
Mechanically Assisted Circulatory Support.

of enrollment (Online Table S1). The high-risk patients in MedaMACS were less likely to be white and
take HF medications.
SURVIVAL. We matched published survival curves by

varying model parameters for LVAD and medical
management mortality rates (Figure 1). We used
patients

different mortality rates among 3 months, 1 year, and 2

receiving DT-LVAD and compared them with costs

years for LVAD to more accurately reﬂect the course

incurred by patients receiving medical management

reported in INTERMACS. We assumed the rate of car-

(Online Figure 1, Table 1). We performed the analysis

diovascular mortality was constant beyond survival

from a societal perspective.

data available from INTERMACS (3 years) and Med-

among

non–inotrope-dependent

HF

Patients entered the model at age 61, equal to the

aMACS (10 months). We accounted for age-speciﬁc,

mean age in the registries and Medicare cohort. Each

noncardiovascular mortality, using 2010 U.S. life

month, patients were at risk for death and for

tables for white men (Online Appendix) (15).
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F I G U R E 1 Comparison of Model Survival Curves With Registry Data

The survival curves for LVAD and medical management are based on INTERMACS and MedaMACS registry data, respectively (12,14).
INTERMACS ¼ Interagency for Mechanically Assisted Circulatory Support; LVAD ¼ left ventricular assist device; MedaMACS ¼ Medical Arm of
the Mechanically Assisted Circulatory Support.

READMISSIONS. For medical management in low-

hospital (21). We obtained hospital lengths of stay

risk patients, we used a total readmission rate of

from our Medicare claims analysis, which were

0.84 per patient-year; for high-risk patients, we used

consistent with those from published reports (11).

a rate of 1.8 per patient-year (12). Total readmission
rates after LVAD for all-comers are reportedly be-

SENSITIVITY AND UNCERTAINTY ANALYSES. We

tween 1.6 and 2.6 per patient-year (11,16–18); LVAD

conducted 1-way deterministic sensitivity analyses to

readmission rates for non–inotrope-dependent HF

assess the relative impact of each model parameter and

patients are not well described, although 60% of

of key model assumptions. We performed scenario

these patients in INTERMACS have had at least 1

analyses in which several parameters were varied

readmission by 6 months (3). For the main analysis,

simultaneously. Finally, we performed a probabilistic

we used a total readmission rate of 2.0 per patient-

sensitivity analysis to account for the inﬂuence of

year. We included separate readmission rates for

simultaneous changes in correlated and uncertain

stroke and for pump replacement. We assumed

model inputs, using a gamma distribution to reﬂect

readmission

uncertainties in costs and a beta distribution to reﬂect

rates

remained

constant

over

the

uncertainties in transition probabilities and utili-

patients’ remaining lifetimes.
QUALITY OF LIFE. Each health state was associated

with a quality-of-life value ranging from 0 to 1, where
0 represents death and 1 represents ideal health (13).
We

obtained

utility

data

from

non–inotrope-

dependent HF patients in the INTERMACS registry

ties (22). We ran 10,000 independent simulations in
which we sampled from the parameters’ uncertainty
distributions to estimate the proportion of ICERs
that

fell

below

a

particular

willingness-to-pay

threshold (23).

(19). We used a baseline utility of 0.40 and assumed
utility would improve to 0.70 at 6 months after LVAD

RESULTS

but would not improve with continued medical
management. We assumed patients who had experi-

MEDICARE COST ANALYSIS. The 220 Medicare pa-

enced major stroke had a utility of 0.30 for their

tients with LVADs implanted in 2009 to 2010 were

remaining

we

mean 61.0 years of age, 78% were male, and 80% were

applied a utility value of 0 for the days spent in the

white. The mean cost of LVAD implantation was

lifetimes

(20).

For

readmissions,
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T A B L E 2 Cost* and Length of Stay Data From Medicare Beneﬁciaries Receiving an LVAD

Cost Before LVAD
(n ¼ 220)

Cost After LVAD
(n ¼ 220)

LVAD implantation

–

175,420  93,274
[151,353]

–

LVAD pump replacement readmission

–

$90,147  7,539
[$90,147]

–

Stroke readmission

$10,970  7,431
[$8,465]

$12,648  13,230
[$10,285]

0.76

All-cause readmission

$12,377  12,630
[$8,715]

$19,465  34,636
[$10,027]

<0.001

Outcome

p Value

and 69%, respectively (Figure 2). The discounted
life expectancy for medical management in high-risk
patients was 3.44 years, with 1- and 2-year survival
of 73% and 53%, respectively.
P r o j e c t e d e c o n o m i c a n d h e a l t h o u t c o m e s . LVAD
cost $726,200 over 6 years. Cumulative readmission
costs after LVAD implantation were higher ($268,700)
than the cost of outpatient care ($219,500) and either
device

implantation

($175,400)

or

heart

trans-

plantation ($62,600).

Length of stay, days
–

LVAD implantation
LVAD pump replacement readmission
Stroke readmission
All-cause readmission
Monthly outpatient costs

23.7  26.2
[21]

–

–

9.5  2.1
[8]

–

3.7  4.3
[2]

8.3  7.6
[6]

0.14

5.0  4.5
[4]

8.5  12.3
[5]

<0.001

3,364  5,436
[1,619]

2,974  3,344
[1,576]

0.54

Compared

with

medical

management,

LVADs

increased survival in low-risk patients by 0.61 lifeyears and 1.74 QALYs at an additional cost of
$364,400 (Table 3). Taken together, the DT-LVAD in
ambulatory patients with advanced HF cost $209,400
per QALY gained and $597,400 per life-year gained,
relative to medical management.
Compared

Values are mean  SD [median]. *Values are in 2016 U.S. dollars. p values were obtained from the Wilcoxon test.
All-cause readmission is exclusive of stroke or pump replacement. Hospitalization costs were obtained from
claims from a 100% sample of Medicare beneﬁciaries. Outpatient costs were obtained from claims from a 20%
random sample of beneﬁciaries.

with

medical

management,

LVADs

increased survival in high-risk patients by 2.84 lifeyears and 2.78 QALYs, with an additional cost of
$475,500. The ICER for LVAD was $171,000 per QALY
gained and $167,400 per life-year gained.

LVAD ¼ left ventricular assist device.

S e n s i t i v i t y a n a l y s e s . The cost-effectiveness ratio
was most sensitive to LVAD total readmission rate,
$175,420, and the mean cost of pump replacement
was $90,147 (Table 2). These patients had a combined
529 admissions in the year before LVAD and 589 admissions in the year following LVAD. Hospitalizations
for bleeding comprised 1.2% of admissions before
LVAD and 12.9% of admissions after LVAD (p < 0.0001)
(Online Table S3). All-cause readmission after implantation had $7,088 higher costs and was 3.5 days
longer than before implantation (both: p < 0.001).
Most readmissions were for cardiovascular disease
and were longer and more costly after LVAD than
before, particularly admissions for “Heart failure
and shock with complication/comorbidity” ($12,696
vs. $7,394, respectively; p < 0.0001) and for “Cardiac
arrhythmia and conduction disorders with complication/comorbidity” ($8,180 vs. $5,832, respectively;
p < 0.0001) (Online Table S4). Average monthly
outpatient costs of approximately $3,000 were
not signiﬁcantly different after LVAD than before

LVAD outpatient costs, and LVAD readmission costs
(Figure 2). Compared with medical management
in low- and high-risk patients, the ICER for LVAD was
<$150,000 per QALY gained when the readmission
rate was 1.3 per person-year or less, when outpatient
costs were below $1,500 per month, or when the cost
of readmission was below $10,000. The ICER of LVAD
versus medical management in low-risk patients was
more sensitive to changes in utility parameters
because survival was similar between the 2 strategies.
For instance, if the baseline utility was 0.5, the
ICER for LVAD in low-risk patients increased to
$280,500, whereas the ICER in high-risk patients
increased to $188,800. The ICER was not sensitive to
costs and probabilities of infrequent events, such as
pump replacement or receipt of heart transplant
(Online Table S5).
For LVAD versus medical management in low-risk
patients, we explored various “best-case scenarios”

(p ¼ 0.54).

incorporating lower LVAD readmission rates and

MODEL-BASED COST-EFFECTIVENESS ANALYSIS. L i f e

readmission rate and outpatient costs were decreased

e x p e c t a n c y . The model projected the discounted

by 50%, the ICER dropped to $86,900 per QALY

life expectancy after LVAD to be 6.28 years with

gained.

outpatient costs (Table 4). When the LVAD total

trans-

In the observational study of LVADs in non

plantation) of 83% and 75%, respectively. The dis-

inotrope-dependent HF, ROADMAP (Risk Assessment

counted life expectancy for medical management in

and Comparative Effectiveness of Left Ventricular

low-risk patients was 5.67 years, with 1- and 2-year

Assist Device and Medical Management), patients in

survival (censored at LVAD or transplant) of 84%

the LVAD group were more severely ill than those in

1-year

and

2-year

survival

(censored

at
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F I G U R E 2 Tornado Diagram: Series of 1-Way Sensitivity Analyses

Bars indicate the cost per QALY gained with LVAD compared with medical management in low-risk (A) and high-risk (B) patients across a range
of values. The gray solid line indicates the model’s incremental cost-effectiveness ratio. PPY ¼ per-patient year; QALY ¼ quality adjusted life
years; y ¼ years; other abbreviations as in Figure 1.

the medical group (5). Furthermore, 22% in medical

gained and in 44% of simulations at a threshold of

management crossed over to LVAD. When we used

$150,000 (Figure 3).

inputs from ROADMAP in our model (Online Tables S6
and S7), LVAD had higher costs and worse outcomes

DISCUSSION

than medical management.
In the probabilistic sensitivity analysis, LVAD was

Our analysis suggests that patients with advanced HF

preferred for low-risk patients in 33% of simulations at

who are not dependent on intravenous inotropes

a willingness-to-pay threshold of $100,000 per QALY

would live 0.61 years longer, with improved quality of

115
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life (1.74 QALYs added), and incur an additional
$364,400 in lifetime costs, if treated with DT-LVAD

T A B L E 3 Projected Health and Economic Outcomes

Medical Management

rather than medical management. These estimates

Low Risk

High Risk

LVAD

Total

6.35

5.96

13.03

Stroke

0.19

0.10

0.58

LVAD pump replacement

0.02

0.01

0.18

LVAD

0.13

0.07

high frequency of readmissions and the high cost of

–

Heart transplant

0.15

0.08

0.17

outpatient care over a longer period of survival were

Life-years

5.67

3.44

6.28

the largest determinants of the relatively low value

Quality-adjusted life-years

2.67

1.63

4.41

provided by LVAD therapy.

Lifetime costs, U.S. $

imply that LVAD has an ICER of $209,400 per QALY
gained for low-risk patients. In higher risk, potentially LVAD-ineligible patients, we found that LVAD
had an ICER of $171,000 per QALY gained. Across a
spectrum of advanced HF patients, we found that the

This cost-effectiveness analysis of LVADs is unique
because it is based on comprehensive cost data from
Medicare beneﬁciaries who underwent LVAD implantation. These data are, to our knowledge, the ﬁrst
to characterize spending before and after LVAD implantation. We found that readmissions after im-

Readmissions

361,800

250,700 726,200

Incremental cost per life-year and quality-adjusted life-year gained,
LVAD versus medical management, U.S. dollars
Cost/life-year gained

597,400

167,400

Cost/quality-adjusted life
year gained

209,400

171,000

Values on 2016 U.S. dollars.
Abbreviation as in Table 2.

plantation were generally more costly and longer in
duration, whereas monthly outpatient spending was
comparable, approximately $3,000, before and after

LVAD technology evolves, there may be a signiﬁcant

implantation.

decrease

Sensitivity analyses demonstrated that outpatient

contribute

in
to

the

rate

mortality

of

adverse
and

events

that

readmission.

For

and inpatient LVAD spending substantially inﬂu-

example, a fully implantable system could eliminate

enced the cost-effectiveness of LVADs. We also found

driveline infections, the addition of pulsatility to

that readmissions for patients after LVAD were

the current generation of devices could decrease

signiﬁcantly costlier and longer than before the de-

gastrointestinal bleeding, and remote monitoring

vice was implanted. This may be because patients

could reduce pump thrombosis requiring exchange.

were sicker or because more studies of the LVAD pa-

If future improvements were to eliminate LVAD

tient were performed. Currently there is little guid-

adverse events completely, the ICER would be as

ance for clinicians as to how often tests, such as

low as $58,000 per QALY gained. This hypothetical

echocardiography, should be performed to monitor

scenario, however, does not capture the additional

LVADs (24). As a result, there is substantial variation

expenditures needed for the cost of the new tech-

in treatment practices. Studies should be done to

nology as well as increased outpatient support

show what tests are needed in LVAD recipients to

to keep LVAD recipients healthy and outside the

ensure adequate outcomes and reduce unnecessary

hospital (25).

spending.

Although LVADs do not appear to provide high

LVADs in patients with non–inotrope-dependent

value by current benchmarks (26), there are currently

HF appear to provide comparable value as LVADs

few other effective treatments for the 250,000 patients

in patients with inotrope-dependent HF. Using

with advanced HF. Providing access to therapies that

INTERMACS data, Long et al. (8) estimated an ICER of

prolong survival in this population may be an impor-

$212,100 (2016 U.S. dollars) for DT-LVADs in patients

tant consideration for coverage and reimbursement

taking inotropes. In an older study, Rogers et al. (7)

policies (13). Currently, <1% of patients with advanced

also evaluated LVADs in patients taking inotropes,

HF will receive 1 of the 2,200 adult heart transplants

with substantially higher mortality (92% at 2 years

that take place each year in the United States (27). If all

for medical management and 42% for LVAD) and

of these patients were to receive a DT-LVAD, an esti-

reported an ICER at 5 years of $220,000 (2016 U.S.

mated 100,000 new patients annually, the additional

dollars).

cost would be roughly $36 billion per year, nearly 6% of

Readmission rates after LVAD vary widely. So far,

the entire Medicare budget (28).

studies do not support the notion that patients with

STUDY LIMITATIONS. First and foremost, we focused

a better clinical proﬁle at implantation have fewer

on LVAD in Medicare-eligible patients, which repre-

readmissions; rather, adverse event rates appear to

sents approximately 45% of all implantations and

depend on hospital volume, outpatient support,

which is likely to be a highly selected population (3).

and distance from implantation hospital (16). As

Second, there have been no randomized trials of
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T A B L E 4 Scenario Analyses

Lifetime Costs ($)

QALY

LVAD

Low-Risk Medical
Management

D

LVAD

Low-Risk Medical
Management

D

ICER ($/QALY)

LVAD implant cost $0

550,800

339,900

210,900

4.41

2.67

1.74

121,200

LVAD outpatient costs reduced by 50% and
readmission rate 1 PPY

493,800

333,900

159,900

4.52

2.69

1.84

86,900

LVAD readmission rate 2 PPY for the ﬁrst 6 months,
then 1 PPY thereafter*

620,900

349,800

271,100

4.41

2.67

1.74

155,800

Medical management readmission increases
0.2 PPY per year, and utility decreases 0.02 per year†

726,200

361,800

364,400

4.41

2.29

2.13

171,100

Scenario

*Scenario derived from Hasin et al. (17). †Scenario derived from Russo et al. (40). Low-risk medical management was derived from patients in the MedaMACS registry deemed
likely to be LVAD eligible. Values are in 2016 U.S. dollars.
ICER ¼ incremental cost-effectiveness ratio; PPY ¼ per patient year; QALY ¼ quality-adjusted life-year; other abbreviations as in Table 2.

LVADs in ambulatory patients with advanced HF;

outpatient cohort was small (n ¼ 45), and generaliz-

hence, we estimated model inputs from registries

ability may be limited. Third, we assumed that pa-

and administrative claims. Although there was het-

tients with a lower acuity DRG code for LVAD implant

erogeneity across sources, we selected studies with

were less acutely ill, but we were unable to conﬁrm

comparable

Furthermore,

whether they had been receiving inotrope therapy

despite uncertainty in our model inputs, in most

pre-implantation. The claims only allow for the

sensitivity analyses, which covered a broad range of

identiﬁcation of implantable ventricular assist de-

model inputs, the ICER of LVADs remained between

vices; however the majority (>95%) of ventricular

$150,000 and $250,000.

assist devices are LVADs (3). Finally, we did not have

patient

characteristics.

There are limitations associated with our Medicare
cost analysis. The spending was derived from 2008

access to pharmacy data to include outpatient pharmacy expenditures.

to 2011 claims; however, reimbursement did not

We modeled our cohort from registries that were

substantially change over this period. Second, the

composed predominantly of white male participants.

F I G U R E 3 Probabilistic Sensitivity Analysis

The curves illustrate the proportion of samples in which LVAD or medical management in low-risk (A) and high-risk (B) patients is the preferred
strategy at a given willingness-to-pay threshold. Abbreviations as in Figure 1.
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Thus, our ﬁndings may be somewhat less applicable
to women and minority groups. Our model simpliﬁed

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

the complex progression of heart transplantation and
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of medically managed end-stage HF. We assumed
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that costs, readmission rates, and quality of life for
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medical management would be constant in follow-up
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and that LVAD survival would be similar in the low-
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risk and high-risk models because there are limited
data on which to base trends.

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: The

CONCLUSIONS

use of LVADs in patients with advanced HF who do

The value provided by LVADs in ambulatory patients
with advanced HF does not appear to be favorable by
conventional standards but may be acceptable in
patient subgroups that have lower adverse event
rates or in settings where LVADs can be managed at
a lower cost. Further research of how to care for
LVAD patients longitudinally and reduce device
complications will be important for policymakers and
payers alike as the indications for implantation

not require inotropes at the time of implantation is
not cost-effective by conventional criteria. LVADs
may provide good value in patients with less severe
HF if the cost of follow-up care and the frequency of
adverse events can be reduced.
TRANSLATIONAL OUTLOOK: Randomized studies
are needed to deﬁne the beneﬁts, risks, and costs of
LVADs in patients with non–inotrope-dependent HF.

continue to broaden.
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