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ABSTRACT

OBJECTIVES This study aimed to evaluate the cost-effectiveness of the CardioMEMS (CardioMEMS Heart Failure

System, St Jude Medical Inc, Atlanta, Georgia) device in patients with chronic heart failure.

BACKGROUND The CardioMEMS device, an implantable pulmonary artery pressure monitor, was shown to reduce

hospitalizations for heart failure and improve quality of life in the CHAMPION (CardioMEMS Heart Sensor Allows

Monitoring of Pressure to Improve Outcomes in NYHA Class III Heart Failure Patients) trial.

METHODS We developed a Markov model to determine the hospitalization, survival, quality of life, cost, and incre-

mental cost-effectiveness ratio of CardioMEMS implantation compared with usual care among a CHAMPION trial cohort

of patients with heart failure. We obtained event rates and utilities from published trial data; we used costs from liter-

ature estimates and Medicare reimbursement data. We performed subgroup analyses of preserved and reduced ejection

fraction and an exploratory analysis in a lower-risk cohort on the basis of the CHARM (Candesartan in Heart failure:

Reduction in Mortality and Morbidity) trials.

RESULTS CardioMEMS reduced lifetime hospitalizations (2.18 vs. 3.12), increased quality-adjusted life-years (QALYs)

(2.74 vs. 2.46), and increased costs ($176,648 vs. $156,569), thus yielding a cost of $71,462 per QALY gained and $48,054

per life-year gained. The cost per QALY gained was $82,301 in patients with reduced ejection fraction and $47,768 in those

with preserved ejection fraction. In the lower-risk CHARMcohort, the devicewould need to reduce hospitalizations for heart

failure by 41% to cost <$100,000 per QALY gained. The cost-effectiveness was most sensitive to the device’s durability.

CONCLUSIONS In populations similar to that of the CHAMPION trial, the CardioMEMS device is cost-effective if the trial

effectiveness is sustained over long periods. Post-marketing surveillance data on durability will further clarify its value.

(J Am Coll Cardiol HF 2016;4:368–75) © 2016 by the American College of Cardiology Foundation.

T he treatment of heart failure costs more than
$20.9 billion in total health care expendi-
tures (1). Most of these costs are incurred

from treating clinical decompensations of patients
with heart failure that result in more than 1 million
hospital admissions annually (1,2). The CHAMPION
(CardioMEMS Heart Sensor Allows Monitoring of
Pressure to Improve Outcomes in NYHA Class III

Heart Failure Patients) trial, a randomized, single-
blinded, multicenter trial, investigated the use of
an implantable, wireless pulmonary artery pressure
monitoring system to decrease hospitalizations
related to heart failure (3). In this study, 550 patients
with New York Heart Association (NYHA) functional
class III heart failure and a hospitalization for
heart failure within the previous year underwent
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pulmonary artery sensor implantation. Patients were
randomized to a treatment group in which providers
were given access to the pressure readings or a con-
trol group in which the provider could not access
the pressure readings. The treatment group was
found to have fewer hospitalizations for heart failure
and improved quality of life.

Newer management strategies such as Car-
dioMEMS (CardioMEMS Heart Failure System, St.
Jude Medical Inc., Atlanta, Georgia) that reduce costly
hospitalizations for heart failure may decrease the
substantial clinical and economic burden of heart
failure. However, the high device cost (listed as
$17,750 with Medicare) raises questions regarding its
value (4). We performed an independent analysis of
the cost-effectiveness of this device in a cohort on the
basis of the trial, as well as in subgroups defined by
ejection fraction. Additionally, we performed an
exploratory analysis of the device in an alternative,
larger trial-based cohort of patients with heart failure
by using the CHARM (Candesartan in Heart failure:
Reduction in Mortality and Morbidity) trials (5).

METHODS

DECISION MODEL. We developed a Markov model to
determine the cost-effectiveness of the CardioMEMS
device compared with usual care from a societal
perspective in a CHAMPION trial cohort over a life-
time horizon. This cohort included adults (average
age 62 years) with NYHA functional class III heart
failure who were hospitalized within 1 year with
preserved ejection fraction (21.7%) or reduced ejec-
tion fraction (78.3%). We used hospitalization and
mortality rates from the CHAMPION trial (3). We
performed subgroup analyses of cohorts with reduced
ejection fraction (average age 60 years) and with
preserved ejection fraction (average age 66 years)
from the CHAMPION trial by using overall trial event
rates and subgroup-specific rate ratios for each event
from trials with larger sample sizes than CHAMPION
(6–9). Subgroup-specific device efficacy was extracted
from the CHAMPION trial (3).

In the model, patients had CardioMEMS device
placement at the outset, which could involve a
procedural complication or device deployment
failure. In subsequent monthly intervals, patients
could experience hospitalizations for heart failure,
hospitalizations not related to heart failure, device
complications, and all-cause mortality (Online
Figure 1). Patients had an increased mortality risk
during hospitalization for heart failure and for 2

months post-hospitalization. The model fol-
lowed all patients over their lifetimes. We
matched the mortality rates over the mean
duration of the trial for the control arm of the
CHAMPION trial (17 months). After the trial
period of 17 months, all event rates are
extrapolated. We extrapolated an age-based
increase in overall mortality from a previous retro-
spective analysis (10).
RATE OF HOSPITALIZATION FOR HEART FAILURE

AND EFFICACY OF THE CardioMEMS DEVICE. We
matched the trial rates of hospitalizations secondary
to heart failure for each cohort. We modeled a
declining rate of hospitalization over the CHAMPION
trial duration. We modeled the CardioMEMS reduc-
tion in the rate of hospitalizations for heart failure on
the reduction over the entire trial (hazard ratio [HR]:
0.63). We assumed that preventing a hospitali-
zation prevented inpatient and 2-month post-
hospitalization increases in mortality (11–13). We did
not model any additional CardioMEMS-associated
mortality reduction in the base case. For our base
case, we assumed that the benefit of the CardioMEMS
device would continue lifelong and examined shorter
durations in sensitivity analyses.
CardioMEMS DEVICE EVENTS. We modeled peri-
procedural complications as a composite of the
procedure-related serious adverse events and major
bleeding during the 30-day post-procedure anti-
coagulation period (3). We additionally modeled pro-
cedural placement failure and CardioMEMS-related
serious adverse events that occurred after the initial
month.
QUALITY OF LIFE AND COSTS. We included quality
of life estimates for the patient’s baseline health, the
use of the CardioMEMS device, hospitalizations, and
complications by using utilities. We calculated utility
values by converting the 6-month Minnesota Living
with Heart Failure (MLWHF) questionnaire score for
the control arm in the CHAMPION trial into EQ-5D
scores (14). The difference-in-difference in EQ-5D
score between groups from baseline to 6 months
was applied as the quality of life benefit for the
CardioMEMS device for the first year. The difference-
in-difference between groups from baseline to
12 months was applied thereafter. The 6-month dif-
ferences were used for the entire first year because
226 of 550 patient scores were missing at 12 months.
Disutilities were applied for the initial procedure,
hospitalizations, and complications. Comparisons of
patient utility during and after a hospitalization for
heart failure showed an 11% lower utility during
hospitalization, for a decrement of approximately
3 days (15). These assumptions were tested in
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