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Cost-Effectiveness of the COMPANION Trial

Abbreviations and Acronyms

COMPANION = Comparison of Medical Therapy,
Pacing, and Defibrillation in Heart
Failure trial

CRT = cardiac resynchronization therapy

CRT-D = cardiac resynchronization therapy
with pacemaker-defibrillator

CRT-P = cardiac resynchronization therapy
with pacemaker

DRG = diagnostic-related group

ICER = incremental cost-effectiveness ratio

LV = left ventricular

MLHFQ_ = Minnesota Living With Heart
Failure Questionnaire

NYHA = New York Heart Association

OPT = optimal pharmacological therapy

QALY = quality-adjusted life-year

via either a pacemaker (CRT-P) or pacemaker-defibrillator
(CRT-D) in combination with optimal pharmacological
therapy (OPT) and found a substantial reduction in the
combined risk of all-cause mortality or first hospitalization
relative to patients with OPT alone. In addition, CRT-D
significantly reduced the risk of death from any cause (15).
However, the opportunities for improved outcomes for
heart failure patients provided by the salutary benefits of
CRT, with or without a defibrillator, must be balanced
against the initial investment in the implantation of these
devices as well as costs for subsequent device management.
Dollars spent on implanting devices for heart failure com-
pete with other therapies for our finite health care resources,
and it is essential to know whether the long-term health
benefits produced by CRT are proportional to their costs.
To better understand the relationship of the clinical benefits
and health care costs related to CRT, we modeled the
COMPANION trial data to estimate the cost effectiveness
of CRT-P and CRT-D for patients living with heart failure.

METHODS

The design and results of the COMPANION trial have
been described previously (15). Briefly, the trial randomized
1,520 patients with New York Heart Association (NYHA)
functional class III or IV heart failure symptoms to receive
OPT, CRT-P, or CRT-D. Enrollment criteria included an
LV ejection fraction of =35%, an electrocardiographically
measured QRS duration of =120 ms, a PR interval of
>150 ms, and a hospitalization for the treatment of heart
failure or equivalent in the preceding 12 months. All
patients received diuretics (if needed), angiotensin-
converting enzyme inhibitors or an angiotensin-receptor
antagonist (if tolerated), and a beta-blocker (as tolerated).
Using an intention-to-treat methodology, the primary end
point was the combined risk of all-cause mortality or first
hospitalization analyzed from the time of randomization to
the time of first event. The secondary end point was death
of any cause. The median follow-up duration was 11.9
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months in the OPT group, 16.2 months in the CRT-P
group, and 15.7 months in the CRT-D group.

Model structure. We constructed a model replicating the
course of treatment observed in the COMPANION trial,
with identical groups of 1,000 patients randomized to
CRT-D, CRT-P, or OPT treatment arms. Objectives in
modeling were to adjust for differential enrollment and
duration of follow-up across treatment groups, to assign
costs to resource utilization as documented in the trial, and
to extend the period of observation. Survival, costs, and
quality of life were projected based on parameters derived
from trial data. The model took the economic perspective of
the Center for Medicare and Medicaid Services because the
majority of patients with heart failure in the U.S. are over
the age of 65 years and, therefore, are Medicare beneficiaries
(1). The base-case follow-up period was seven years, divided
into one-month cycles. Model end points included cost of
treatment, survival, and preference-weighted survival, which
were used to calculate incremental cost per life-year gained
and cost per quality-adjusted life-year (QALY) gained for
CRT-D and CRT-P relative to OPT. Cost effectiveness is
a ratio calculated as the incremental cost for CRT relative to
OPT, divided by the incremental benefit (survival or
QALY):

COStCRT - COStOPT

BCnCﬁtCRT — Beneﬁtopr

Survival and costs were both discounted at a base-case 3% rate
per annum as used in other recent studies (16). Discounting is
performed to standardize flows of costs and benefits that occur
at different points in time.

Treatment costs. Initial implantation and subsequent
follow-up hospitalizations were documented in case report
forms. Initial implantation hospitalizations were associated
with initial device implantation or re-attempt for CRT-D
and CRT-P trial arm patients. Follow-up hospitalizations
were defined as either care provided at a hospital for any
reason, including cross-over device implantations, or emer-
gency department admission with use of intravenous ino-
tropes and/or vasoactive drugs for a duration >4 h. An
independent adjudication committee categorized each hos-
pital admission. Each of the initial implantation procedures
and subsequent follow-up hospitalizations was mapped to
an appropriate diagnostic-related group (DRG) for inpa-
tient procedures or to ambulatory payment classification in
the case of emergency department admission. Frequency
and reason for follow-up hospitalization as documented in
the COMPANION trial are shown in Table 1.

Each hospital admission was assigned a facility payment
based on the corresponding Medicare fiscal year 2004
national average hospital DRG base payment. In addition to
the facility cost, an average payment for professional fees
associated with each event was derived through analysis of
similar admissions in the 2001 Medicare 5% sample, with
amounts adjusted to 2004 based on the medical care
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Table 1. COMPANION Follow-Up Hospital Admissions by Treatment Group and Modeled Cost of Admission

Percent of Total Admissions
by Treatment Group

Cost per
DRG Description Admission* CRT-D CRT-P OPT
015 Transient ischemic attack and pre-cerebral occlusions $7,075 0.0% 0.0% 0.9%
078 Pulmonary embolism $8,629 0.2% 0.4% 0.0%
088 Chronic obstructive pulmonary disease $7,744 1.7% 2.5% 2.1%
089 Simple pneumonia and pleurisy (age >17 yrs with CC) $7,882 2.6% 2.8% 3.2%
101 Other respiratory system diagnosis (with CC) $6,928 1.8% 1.8% 0.8%
103 Heart transplantation $96,143 1.0% 0.2% 0.9%
105 Cardiac valve and other major cardiothoracic procedure (without CC) $33,983 0.1% 0.0% 0.2%
115 Other permanent cardiac pacemaker implant without AMI/HF/shock $20,461 0.0% 0.2% 0.8%
117 Cardiac pacemaker revision except device replacement $9,096 4.3% 5.4% 0.6%
120 Other circulatory system OR procedures $15,932 0.0% 0.0% 0.6%
121 Circulatory disorders with AMI and other major complications, discharged alive $12,264 0.8% 1.3% 0.8%
123 Circulatory disorders with AMI, died $9,727 0.3% 0.0% 0.4%
124 Circulatory disorders except AMI (with CC) $11,041 1.4% 1.2% 0.9%
127 Heart failure and shock $9,142 35.5% 32.1% 41.8%
128 Deep vein thrombophlebitis $5,500 0.3% 0.2% 0.2%
130 Peripheral vascular disorders (with CC) $7,210 0.1% 0.0% 0.2%
131 Peripheral vascular disorders (without CC) $4,629 0.3% 1.2% 0.8%
138 Cardiac arrhythmia and conduction disorders (with CC) $6,922 4.4% 4.8% 2.1%
140 Angina pectoris $5,418 4.2% 5.2% 5.7%
141 Syncope and collapse (with CC) $6,200 0.3% 1.1% 0.8%
142 Syncope and collapse (without CC) $4,775 1.3% 1.1% 0.9%
143 Chest pain $4,993 2.3% 1.7% 2.3%
144 Other circulatory system diagnosis (with CC) $9,471 3.9% 3.4% 2.3%
182 Esophagitis, gastroentonic and miscellaneous digestive disorders (age >17 yrs with CC) $6,762 8.6% 8.5% 4.0%
331 Other kidney and urinary tract diagnoses (age >17 yrs with CC) $8,576 0.8% 1.6% 0.4%
413 Other myeloprofil disorder or poorly defined neoplasm diagnosis (with CC) $9,358 0.4% 0.4% 0.4%
449 Poisoning and toxic effects of drugs $6,704 4.4% 3.6% 2.1%
453 Complications of treatment (without CC) $4,030 0.8% 1.3% 0.6%
463 Signs and symptoms (with CC) $5,800 0.3% 0.2% 0.0%
515 Cardiac defibrillator implantation (without CC) $29,525 0.1% 1.1% 7.7%
517 Percutaneous cardiovascular procedures w/ coronary artery stent (without AMI) $13,114 0.4% 0.5% 0.6%
518 Percutaneous cardiovascular procedures w/o coronary artery stent or AMI $11,183 0.1% 1.5% 2.5%
- Undefined (cost based on weighted average for other DRG) $8,490 13.8% 11.0% 7.4%
- Emergency department visit with intravenous inotrope $2,534 1.9% 2.7% 5.5%
Summary reason for admission by percent of total admissions and weighted cost
All causes of admission 100.0% 100.0% 100.0%
$8,854 $8,330 $10,683
Heart failure admission 37.4% 34.8% 47.3%
$8,799 $8,632 $8,375
Cardiac (non-heart failure) admissions 22.6% 26.8% 27.6%
$12,032 $9,739 $17,733
Non-cardiac admission 38.5% 37.2% 25.1%
$7,384 $7,296 $7,280

*Cost per admission reflects the standard DRG reimbursement, associated professional fees, and patient cost sharing.
AMI = acute myocardial infarction; CC = comorbidities and complications; COMPANION = Comparison of Medical Therapy, Pacing, and Defibrillation in Heart Failure;
CRT-D = cardiac resynchronization therapy with pacemaker-defibrillator; CRT-P = cardiac resynchronization therapy with pacemaker; DRG = diagnostic-related group; HF

= heart failure; OPT = optimal pharmacological therapy.

consumer price index. An additional professional fee was
included for all procedures involving insertion of an LV lead
to reflect the introduction of the CPT-4 code 33225 in
2003. Because beneficiaries share in the cost of care pro-
vided through Medicare, we also added an estimate of
deductibles and co-payments. For 2004 the beneficiary was
responsible for an $876 inpatient hospital co-payment (part
A), whereas professional fees entailed a $100 annual de-
ductible and 20% co-payment (part B).

The cost of initial implantation was calculated separately

for the CRT-D and CRT-P groups and factored in the

average number of implantation attempts (CRT-D, 1.09;
CRT-P, 1.07) and the overall success rate (CRT-D, 90.9%;
CRT-P, 87.4%). All attempts and re-attempts were con-
sidered a cost. The average follow-up hospitalization cost
was calculated separately for the CRT-D, CRT-P, and
OPT groups, based on the observed distribution of types of
admission (Table 1). Monthly risk for both all-cause and
cardiac hospital admission during months 1 through 24 was
based on the actual experience of each group in the clinical
trial. The hospitalization rate beginning with month 25 was
equalized based on observed data for months 19 through 24,
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Table 2. Additional Base Case Model Parameters
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Treatment Group

CRT-D*

Parameter

CRT-P*

OPT Source

Monthly probability of death 0.011 (p = 0.003)

Monthly probability of hospital
admission, months 1 to 24

0.097 (p = 0.141)

Monthly probability of hospital 0.089 0.089

admission after month 24
Cost of hospital admission for pulse $20,461
generator replacement (e.g., after
battery depletion)

0.013 (p = 0.059)  0.017

0.098 (p = 0.172)  0.117

$7,849

Exponential survival model fit to the COMPANION
trial data

Adjudicated hospital admission data per the
COMPANION trial

0.089  Monthly admission rate during months 19 to 24
averaged across the three study groups per the
COMPANION trial

Cost reflects the standard DRG reimbursement,
associated professional fees, and patient cost sharing

*p value for test of hypothesis of no difference between CRT-D versus OPT or CRT-P versus OPT.

Abbreviations as in Table 1.

pooled across the three groups. Hospitalization rates are
shown in Table 2.

In the COMPANION trial, no patients had protocol-
specified electrophysiological studies before study enroll-
ment, and an electrophysiological study or cardiac catheter-
ization was not required at time of implantation. For the
purpose of DRG assignment, it was also assumed that all
implantation patients had a primary diagnosis of heart
failure on hospital admission. Therefore, in the base case the
cost of system implantation, including both facility and
professional fees, was $29,500 for CRT-D (DRG 515) and
$20,500 for CRT-P (DRG 115). For OPT patients who
crossed over, implantation charges were also applied.

Cardiac arrhythmia devices are susceptible to battery
depletion and associated pulse generator replacement costs.
Battery depletion is highly dependent on device settings for
individual patients. The duration of the COMPANION
trial was not sufficient to observe battery longevity. There-
fore, monthly probability of battery depletion was modeled
based on manufacturer estimates (Table 2). These estimates
incorporated 46 different device settings and had an esti-
mated margin of error of +10%. The battery depletion
function used in this analysis established a mean battery life
of 4.5 years for CRT-D and 6.0 years for CRT-P. However,
in sensitivity analysis we accelerated the failure rate by
approximately 20% (i.e., median battery life decreased by six
months). In addition, modeled battery failure is a stochastic
function, such that the first failures occur within the first
year. This methodology is more conservative than recent
cost-effectiveness studies of implantable cardioverter-
defibrillators that assumed that all devices fail at a single
specified time (e.g., five years).

Because all patients received OPT, costs for prescription
medication were assumed to be equivalent across treatment
groups and were not included in the analysis. No difference
(p < 0.05) in the use of medications commonly used to treat
cardiovascular disease was observed across the three treat-
ment groups at the date of last follow-up, based on data
from =90% of patients in each group (M.R. Bristow
unpublished data, 2004). Regularly scheduled visits with
primary care physicians were not documented in the COM-

PANION trial and, therefore, were not included in the
economic analysis.

Survival. The CRT-D group achieved a statistically signif-
icant reduction in all-cause mortality (hazard ratio, 0.64;
p = 0.003), whereas CRT-P was associated with a nonsig-
nificant reduction in all-cause mortality (hazard ratio, 0.76;
p = 0.059) (15). Mortality data from the COMPANION
trial were used to estimate exponential survival functions for
each treatment group to establish the monthly probability of
death (Table 2), the number of patients remaining in each
cohort, and cumulative patient-years of survival. Figure 1
shows actual survival and the fitted survival curves for each
treatment group.

Quality-adjusted survival. Quality-adjusted survival takes
into account changes in a patient’s self-perceived quality of
life during a specified period of time after initiation of a new
therapy. The QALYs were calculated by applying health
state preference weights (utilities) to the period of survival.
By convention, utility is defined on a scale ranging from 0
(worst possible health state) to 1 (best possible health state).
Participants in the COMPANION study completed the
Minnesota Living with Heart Failure Questionnaire
(MLHFQ), a disease-specific quality-of-life instrument, at
baseline (before implantation), month 3, and month 6.
Although the survey was not specifically designed to mea-
sure utility, a previously published algorithm converts
MLHFQ_scores to preference weights (17). Table 3 gives
mean values for the MLHFQ_by treatment group and the
preference weights derived from those scores. For purposes of
the model, the baseline was equalized and set at the average
preference weight across the three groups (0.61). The
baseline utility of 0.61 is similar to the 0.63 Quality of Well
Being Index assigned to the heart failure subgroup from the
Beaver Dam cohort study (18) and is also consistent with
other heart failure quality-of-life measures (19). The pref-
erence weight was again readjusted at months 3 and 6 based
on observed patient-level trial data. Preference weights
beyond month 6 were assumed to remain constant.
Sensitivity analysis. Probabilistic sensitivity analysis was
performed using Monte Carlo simulation (20). Probability
distributions were derived for key model variables through
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Figure 1. Actual survival in the cardiac resynchronization therapy with pacemaker-defibrillator (CRT-D) and cardiac resynchronization therapy with
pacemaker (CRT-P) groups over 24 months (dashed line) compared with model survival over seven years based on an exponential survival curve. OPT =

optimal pharmacological therapy.

analysis of clinical trial data for each treatment group. Each
distribution was described in terms of parameters such as
the mean, variance, and a functional form based on the
underlying data. Survival was predicted using a normal
distribution based on the assumed normality of the expo-
nential survival curve on the log-odds scale. Patient prefer-
ence, used to calculate quality-adjusted survival, was esti-
mated with beta distributions because utility is defined over
a range of 0 to 1. Monthly risk of hospital admission was
also predicted with beta distributions because probability is

Table 3. Preference Weights (Utilities) Derived From
Minnesota Living With Heart Failure Questionnaire (MLHFQ)

Treatment Group

Time Point and Measure CRT-D CRT-P OPT
Baseline

MLHFQ_score 37 40 39

Equivalent preference weight 0.60 0.62 0.62
Month 3

MLHFQ_score 54* 56* 45

Equivalent preference weight 0.77 0.78 0.68
Month 6

MLHFQ_score 55* 57* 47

Equivalent preference weight 0.77 0.79 0.70

*p < 0.001, test of hypothesis of no difference between CRT-D versus OPT or
CRT-P versus OPT.
Abbreviations as in Table 1.

constrained to the range of 0 to 1. The cost of hospital
admission was estimated using a gamma distribution be-
cause cost data are truncated at O on the left and tend to be
right-skewed. These variables take on new values with each
iteration of the model because of a random component. By
performing repeated simulations, probability distributions
can be derived for model outcomes, including the overall
incremental cost-effectiveness ratio (ICER).

In addition to the stochastic sensitivity analysis, a one-
way sensitivity analysis was performed to assess the impact
of varying selected model parameters while holding all other
variables fixed at their base-case values. These parameters
included survival benefit of CRT therapy, battery depletion
rate over time, Medicare overall facility payment rate (DRG
dollar multiplier), Medicare payment for defibrillator system
implantation (relative weight of DRG 515), duration of
follow-up, and discount rate.

RESULTS

Costs, survival, and quality-adjusted survival. At the
base-case seven-year follow-up point, cumulative costs for
the average patient were higher in the CRT-D ($82,200)
and CRT-P ($59,900) groups than for the OPT arm
($46,000). Actual survival from the trial and predicted
seven-year survival as used in the model base case are
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Table 4. Costs and Survival at Selected Time Points Over the
Modeled Treatment Episode*

Treatment Group

Time Point CRT-D CRT-P OPT

Cumulative average treatment cost

2 yrs $48,262  $36,668  $25,224

3 yrs $55,095  $42,562  $31,570

5 yrs $74,023 $52,796  $40,494

7 yrs $82,236  $59,870  $46,021
Cumulative average years survival

2 yrs 1.74 1.70 1.62

3 yrs 2.46 2.37 221

5 yrs 3.62 3.42 3.07

7 yrs 451 4.19 3.64
Cumulative quality-adjusted survival

2 yrs 1.32 1.33 111

3 yrs 1.86 1.85 1.51

5 yrs 2.75 2.67 2.10

7 yrs 3.42 3.26 2.48

*Values are not discounted.
Abbreviations as in Table 1.

depicted in Figure 1. In the COMPANION trial data, 88%
of patients in the CRT-D arm and 86% of patients in the
CRT-P arm were alive at the end of 12 months, compared
with 83% of patients in the OPT arm. Based on modeled
survival at the end of seven years (84 months), 40% of
patients in the CRT-D arm and 33% of patients in the
CRT-P arm were alive, compared with 23% of patients in
the OPT arm.

At the end of seven years, patients in the CRT-D group
accumulated an average 4.15 years of survival (discounted at
3%), compared with 3.87 years in the CRT-P group and
3.37 years in the OPT group. After applying preference
weights to the period of survival, QALYs were 3.15 for
CRT-D, 3.01 for CRT-P, and 2.30 for OPT. Costs and
survival at selected time periods are summarized in Table 4.
Cost effectiveness. Summary results of the base-case cost-
effectiveness analysis are presented in Table 5. Relative to
patients in the OPT group, those in the CRT-D group
accrued an additional 0.84 discounted QALY with incre-
mental costs of $36,200, resulting in a cost of $43,000 per
QALY. Patients in the CRT-P group achieved an addi-
tional 0.71 QALY of survival and $13,800 in costs, resulting
in a cost of $19,600 per QALY relative to OPT. When
follow-up hospital costs are restricted to cardiac readmis-
sions, incremental cost per QALY is $41,300 for CRT-D
and $18,600 for CRT-P relative to OPT.

Probabilistic sensitivity analysis. Figures 2A and 2B show
CRT-D cost-effectiveness outcomes for 10,000 iterations of
the probabilistic model. Each point is defined on the
horizontal axis by the incremental difference in life-years
(Fig. 2A) or QALYs (Fig. 2B) for CRT-D relative to OPT,
whereas the vertical axis depicts the incremental difference
in cost. As seen in Figure 2A, virtually all points are located
in the upper right quadrant, whereas in Figure 2B, the
variance in quality-of-life outcomes results in about 20% of
cases falling in the upper left quadrant. The white X in each
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group depicts the mean value of ICERs. The 95% confi-
dence interval for incremental cost per life-year gained of
CRT-D versus OPT ranged from +$17,600 to +$122,000;
for CRT-P the range was —$90,300 to +$201,000. The
95% confidence interval for incremental cost per QALY of
CRT-D versus OPT ranged from —$331,700 to
+$399,100; for CRT-P the range was —$203,800 to
+$225,000. The difference in ranges between incremental
cost per life-year gained and incremental cost per QALY is
largely attributable to the variation in survival estimates
created by the utility weight distributions. For CRT-D and
CRT-P respectively, 95% and 91% of the data points fell
under the $100,000/life-year gained benchmark, whereas
69% and 77% of the data points fell under the $100,000/
QALY benchmark.

One-way sensitivity analysis. Shifting key parameters
while holding all other factors constant helps identify
variables that have substantial impact on model outcomes.
These results are shown in Table 6. For example, the
survival benefit of CRT is an important determinant of cost
effectiveness relative to OPT. With an assumption that
survival during the first 24 months is as observed in the
COMPANION trial (favoring CRT) but is equalized
across study groups after 24 months, the incremental cost
per QALY increases to $55,100 for CRT-D, compared
with the base-case value of $43,000. Increasing Medicare
payment rates also has a significant impact on the cost
effectiveness of CRT. Changing the DRG conversion factor
from the present $4,624 to $5,500 per unit DRG weight, a
20% increase, results in a $49,500 ICER for CRT-D
relative to OPT, versus the base-case $43,000. Increasing
the payment rate for the CRT-D system implantations
(DRG 515) by 50% (from $29,500 to $44,300) results in an
ICER of $53,200 per QALY for CRT-D. As shown in
Figure 3, results are also sensitive to the assumed duration of
the treatment episode. Even with these increases, the ICER
remains within the accepted range for innovative therapy.

DISCUSSION

Health care investments in new devices for heart failure vie
for the nation’s finite health care resources, making it
essential to understand whether the long-term health ben-
efits produced by CRT represent a good value relative to
their costs. Results of the present analysis, based on COM-
PANION trial data, are consistent with recent cost-

Table 5. Summary Results of Cost-Effectiveness Analysis
(Base Case)

Outcome Relative to OPT CRT-D CRT-P
Incremental cost $36,200 $13,800
Incremental survival 0.78 0.49
Incremental quality-adjusted life-years gained 0.84 0.71
Incremental cost per life-year gained $46,700 $28,100
Incremental cost per quality-adjusted life-years $43,000 $19,600

gained

Abbreviations as in Table 1.
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Figure 2. Scatter plot showing cost effectiveness of cardiac resynchronization therapy with pacemaker-defibrillator (CRT-D) relative to optimal
pharmacological therapy (OPT) (10,000 model iterations). The horizontal axis depicts incremental gain in (A) life-years (LYSs) or (B) quality-adjusted
life-years (QALYs), whereas the vertical axis depicts incremental cost relative to OPT.
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