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Background—Therapeutic hypothermia can improve survival and neurological outcomes in cardiac arrest survivors, but
its cost-effectiveness is uncertain. We sought to evaluate the cost-effectiveness of treating comatose cardiac arrest
survivors with therapeutic hypothermia.

Methods and Results—A decision model was developed to capture costs and outcomes for patients with witnessed
out-of-hospital ventricular fibrillation arrest who received conventional care or therapeutic hypothermia. The
Hypothermia After Cardiac Arrest (HACA) trial inclusion criteria were assumed. Model inputs were determined from
published data, cooling device companies, and consultation with resuscitation experts. Sensitivity analyses and Monte
Carlo simulations were performed to identify influential variables and uncertainty in cost-effectiveness estimates. The
main outcome measures were quality-adjusted survival after cardiac arrest, cost of hypothermia implementation, cost of
posthospital discharge care, and incremental cost-effectiveness ratios. In our model, postarrest patients receiving
therapeutic hypothermia gained an average of 0.66 quality-adjusted life years compared with conventional care, at an
incremental cost of $31 254. This yielded an incremental cost-effectiveness ratio of $47 168 per quality-adjusted life
year. Sensitivity analyses demonstrated that poor neurological outcome postcooling and costs associated with
posthypothermia care (in-hospital and long term) were the most influential variables in the model. Even at extreme
estimates for costs, the cost-effectiveness of hypothermia remained less than $100 000 per quality-adjusted life year. In
91% of 10 000 Monte Carlo simulations, the incremental cost-effectiveness ratio was less than $100 000 per
quality-adjusted life year.

Conclusions—In cardiac arrest survivors who meet HACA criteria, therapeutic hypothermia with a cooling blanket
improves clinical outcomes with cost-effectiveness that is comparable to many economically acceptable health care
interventions in the United States. (Circ Cardiovasc Qual Outcomes. 2009;2:00-00.)
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Out-of-hospital cardiac arrest (OHCA) affects approxi-
mately 300 000 people in the United States annually,

and survival is generally less than 10%.1–3 Treatment options
for arrest survivors have traditionally been limited to support-
ive care. In 2002, two landmark articles by Bernard et al and
the Hypothermia After Cardiac Arrest (HACA) study group
reported that therapeutic hypothermia improves survival and
neurological outcomes in comatose resuscitated patients after
OHCA.4,5 A subsequent meta-analysis demonstrated that an
average of 6 (95% confidence interval 4 to 13) patients with
OHCA needed to be treated with hypothermia for 1 additional
patient to be discharged with good neurological outcome.6 In
2005 the American Heart Association recommended that
comatose cardiac arrest survivors receive induced hypother-
mia after ventricular fibrillation (VF) OHCA.7

Despite these recommendations, use of therapeutic hypo-
thermia remains limited.8,9 Recent estimates suggest that

approximately 2300 (range 300 to 9500) additional comatose
patients with cardiac arrest annually would achieve good
neurological outcome if hypothermia was fully implemented
in US hospitals.10 Diffusion of new treatments is often slow,11

but 2 concerns may have limited adoption in this context.
Because hypothermia is costly and OHCA has generally poor
outcomes regardless of treatment, it is unclear that the
benefits of therapeutic hypothermia justify its costs. Further-
more, the use of hypothermia may increase the number of
patients who survive with poor neurological outcomes who
would otherwise have died, thus prolonging the lives of patients
at a very low subsequent quality of life, and at very high cost.

Therefore, the goals of this study were to evaluate the
cost-effectiveness of postarrest therapeutic hypothermia in
patients with witnessed VF, OHCA, compared with conven-
tional care in these patients across a range of estimates for
post resuscitation neurological outcomes.
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WHAT WE KNOW

● Therapeutic hypothermia is the only treatment that
has been identified as improving survival and neu-
rological outcomes in patients who remain comatose
after out-of-hospital ventricular fibrillation arrest.

● Evaluating the economic implications of implement-
ing cooling is important because hypothermia ther-
apy represents an additional cost for patients with
historically very poor survival rates.

WHAT THE STUDY ADDS

● We developed a decision model to assess the cost-
effectiveness of providing hypothermia with a cool-
ing blanket and demonstrated that the incremental
cost-effectiveness ratio of therapeutic hypothermia
was $47 168 per quality-adjusted life year compared
with conventional care.

● Even if only one patient per hospital per year was
eligible for therapeutic hypothermia, and considerable
postresuscitation care costs were accrued by survivors
(eg, implantable cardioverter-defibrillator implementa-
tion, neurorehabilitation), the cost-effectiveness of ther-
apeutic hypothermia would remain less than $100 000
per quality-adjusted life year.

● These findings are particularly important for clini-
cians, hospital administrators, and other decision
makers responsible for making informed choices
about health care resource utilization.

Methods
Decision Model
We created a decision model to follow a hypothetical cohort of
comatose patients with return of spontaneous circulation (ROSC)
after a witnessed VF OHCA (Figure 1). We also assumed that the
patients in our model met the other inclusion criteria from the HACA
trial (presumed cardiac etiology of the arrest, age 18 to 75, short time
from collapse to resuscitation, and �60 minutes from collapse to
ROSC). Exclusion criteria from this trial were also assumed to apply
to our cohort (admission temperature �30°C, comatose prearrest
secondary to central nervous system depressing drugs, pregnancy,
terminal illness preceding arrest, cardiac arrest after the arrival of
emergency medical personnel, a known preexisting coagulopathy, or
any of the following after ROSC and before study randomization:

response to verbal commands, mean arterial pressure less than
60 mm Hg for more than 30 minutes, arterial oxygen saturation less
than 85% for more than 15 minutes).4 Patients entered the model
postarrest and were followed until 6 months after hospital discharge.
Neurological function at 6 months was based on the postdischarge
best achieved outcome within 6 months as reported in the HACA
trial.

Our model was designed to capture costs and outcomes associated
with postarrest care without hypothermia (conventional care, strat-
egy A) compared with postarrest care with hypothermia (strategy B).
Subsequent in-hospital and postdischarge long-term nursing facility/
rehabilitation care were also modeled. We used hypothermia induced
with a cooling blanket as the reference intervention because this
cooling method can be easily implemented and survey data suggests
it is among the most frequently used techniques in US hospitals.8
Furthermore, this cooling technique was used in the largest random-
ized controlled trial (RCT) of postarrest hypothermia to date, and this
trial provided outcomes data for patients 6 months after discharge.4

Our model was constructed from a societal perspective. Addition-
ally, rather than use Markov modeling to calculate the net present (ie,
discounted) value of downstream costs/outcomes among cardiac
arrest survivors, we based our estimates on the results of Markov
models previously reported in the literature.

Outcomes
The effectiveness of conventional care and hypothermia was based
on published data.4 Six months postarrest, patients were considered
to be in one of three states: alive with favorable neurological
outcome (Cerebral Performance Category [CPC] 1 [good neurolog-
ical recovery], or CPC 2 [moderate disability]), alive with poor
neurological outcome, CPC 3 or 4 (severe disability or vegetative),
or dead (CPC5). These CPC definitions are consistent with defini-
tions used in previous studies.12,13 Based on the best CPC disposition
at 6 months, costs were assigned over the average life expectancy of
a cardiac arrest survivor (Table 1).

Quality of life of cardiac arrest survivors was determined from
published data and used to estimate outcomes in terms of quality-
adjusted life years (QALYs).14–17,19 Outcomes for patients with poor
neurological recovery included the possibility that this state may be
considered worse than death, yielding negative QALYs.

Assumptions

Cooling and Rewarming
Postarrest temperature was considered 35 to 36°C. Target tempera-
ture was considered 32 to 34°C. Cooling was assumed to start with
2 L of intravenous saline24,25 and temperature measurement per-
formed with a rectal or bladder thermometer. Hypothermia (induc-
tion and maintenance) was assumed to occur for 32 hours followed
by active (with the same cooling device) or passive rewarming for 8
hours. Although paralysis may not be necessary for all patients
receiving induced hypothermia, we added the average cost of
providing neuromuscular blockade (vecuronium, or cistaricurium)

Figure 1. Decision model for management of comatose postarrest patients: conventional care versus hypothermia. This decision model
follows a hypothetical cohort of patients who survived cardiac arrest but remained comatose after the event. The square node at the
left of the model indicates the treatment options, conventional care compared with hypothermia using a cooling blanket. The circles
represent chance nodes, and the accompanying plus sign indicates that the subtree has the same outcome as strategy A. Six months
after hospital discharge patients were considered to be in 1 of 3 states: good neurological recovery, poor neurological recovery, or
dead.
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for 24 hours during cooling therapy. The cost of sedation was
included in the daily cost of intensive care unit (ICU) care reported
for mechanically ventilated patients.26

In-Hospital Postarrest Care
To estimate postresuscitation resource use, we included ICU and ward
days previously reported for cardiac arrest survivors (Table 2).27

In the HACA trial, there were no statistically significant differ-
ences in adverse events of postarrest patients receiving hypothermia
compared with normothermia.4 However, in the hypothermia group,
there were substantial, but nonstatistically significant, differences in
a few important complications (pneumonia, sepsis, pulmonary
edema, bleeding), and it is possible that statistical significance would
have been attained with a larger sample size and that these compli-
cations could increase ICU length of stay. The base case received 2
additional ICU days for patients receiving hypothermia to account

for time spent inducing cooling followed by rewarming. We modeled
the range of potential additional days in the ICU from �1 to 7 days
for the hypothermia group to allow for the possibility that hypother-
mia could decrease ICU length of stay (LOS)28 or increase ICU LOS
because of more complications, or because patients with better
outcome received more procedures.

Posthospital Discharge Care
In both the hypothermia and normothermia arms of the HACA study,
some of the patients with poor neurological function at discharge
were noted at the 6-month evaluation to have a substantial improve-
ment in neurological functioning from CPC 3 or 4 to CPC 1 or 2. To
account for this potential late transition to the “final” neurological
outcome state, we modeled the possibility of change in outcomes
between discharge and 6 months postdischarge. Based on reports of
neurological recovery in patients in a persistent vegetative state after

Table 1. Base–Case Variables and Ranges

Base–Case* (95% CI) Distribution† Reference

Probability of survival with good neurologic outcome 4

Conventional care 0.39 (0.32–0.46) Logistic nl

Hypothermia (Strategy B) 0.55 (0.48–0.62) Logistic nl

Probability of survival with poor neurologic outcome 4

Conventional care 0.06 (0.03–0.11) Logistic nl

Hypothermia (Strategy B) 0.04 (0.01–0.11) Logistic nl

Probability of death 4

Conventional care 0.55 (0.48–0.62) Logistic nl

Hypothermia (Strategy B) 0.41 (0.34–0.48) Logistic nl

Utility, good neurologic outcome 0.75 (0.5–0.97) Logistic nl 14, 15

Utility, poor neurologic outcome 0.39 (�0.23–0.5) Logistic nl 16, 17

Extrapolation

Life expectancy

Good neurologic outcome, y 5.59 (4.79–10) Log nl 18–20

Extrapolation

Poor neurologic outcome, y 1 (0.5–1.5) Log nl Assumption

Overall time course, cool/rewarm (hrs) 40 (30–50) Log nl 4, 5, 21

Cooling device, $ 6000 (4000–8000) Log nl Device co

Cooling blanket/pads, $ 80 (100–120) Log nl Hosp adm

Supplemental ice bags, $ 20 (12–30) Log nl Hosp adm

Neuromuscular blockade 130 (45–300) Log nl 22†

cost/day Extrapolation

Nurse time for implementation, min 75 (50–108) Log nl Nursing mgrs

Staff training (initial�annual), min 60 (50–70) Log nl Device co, nursing mgrs

Thermometer (rectal or bladder), $ 200 (160–250) Log nl Device co

Intravenous fluids and tubing, $ 5 (2–10) Log nl Hosp adm

Refrigerator for intravenous fluids, $ 100 (50–180) Log nl Hosp adm

Annual depreciation cooling equip. 0.20 (0.15–0.25) Uniform Device co

Hospital level factors

ED and ICU nurses/hospital 200 (20–250) Log nl Nursing mgrs

Hourly nursing salary, $ 28 (22–35) Log nl 23‡

Patients eligible for hypothermia/year 6 (1–50) Poisson Assumption

Hosp adm indicates hospital administrators; Device co, device company; Nursing mgrs, nursing managers; equip, equipment; and
nl, normal.

*The base–case mean and 95% CI were used for the parameters of the probability distributions.
†For Monte Carlo simulations.
‡Adjusted to 2008 US dollars.
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nontraumatic brain injury, we assumed that if improvements in
neurological function occurred that this change would happen during
the first month after discharge.31,32

Costs
Our model included cooling equipment costs, cooling device training
and retraining costs, and costs associated with nursing time spent
implementing and maintaining cooling (Table 1).

Cost estimates of equipment considered standard for acute care
hospitals (ie, ice bags, intravenous fluids, thermometers, rewarming
devices) were provided by equipment purchasing administrators at 2
large academic institutions. Cost estimates for external cooling
machines and cooling blanket/pads were obtained by surveying
cooling device companies and the HACA trial authors. Device
companies provided estimates of equipment depreciation over time
and hospital equipment administrators provided estimates of how
often cooling equipment was used for indications other than cardiac
arrest (eg, heat stroke, control of neurogenic fever). These estimates
were used to determine the frequency of equipment use for cooling
arrest patients and the typical depreciation in equipment cost over the
equipment lifetime. Discounts were assigned for equipment standard
for hospital operation. We distributed the cost of durable equipment
over the average number of patients who received hypothermia over
2 years at 2 large US academic hospitals.

We assumed that a hypothermia program would require a hospital
to initially train all emergency department (ED) and critical care
nurses in appropriate technique with subsequent annual retraining.
The average number of ED and critical care nurses per hospital was
based on the average number of nurses at 2 academic hospitals.
Nurse training time was based on recommendations from device
companies and nursing managers.

Time expended by nurses’ implementing cooling was estimated by
querying ED and critical care nurse managers at 2 hospitals with

cooling programs. ICU and ward costs were extrapolated from data
on the costs of care for mechanically ventilated patients.26 Nursing
facility and rehabilitation costs for the CPC 3 and 4 group were
extrapolated from a previous report of arrest survivors (Table 2).29

Rehabilitation costs were also assigned to the CPC 1 or 2 group as
some of the patients classified as CPC 2 (moderate disability) may
require additional therapy. Costs are expressed in 2008 US dollars.

Additional Postarrest Care Costs
Although the exact usage rate of implantable cardioverter-
defibrillator (ICD) uptake in postarrest patients with both reversible
and irreversible causes is unknown, we modeled 80% ICD penetra-
tion in both the hypothermia and conventional care group with CPC
1 and 2. This conservative estimate was intended to account for
differences in ICD uptake for secondary prevention attributable to
patient eligibility criteria, patient preference, and other factors that
may impact device implantation rates.30,33 The lifetime expenditure
cost of an ICD was estimated from previous reports and adjusted to
2008 dollars.19 Both of these estimates were included in the
sensitivity analysis.

Analyses
A decision-analytic model was used to calculate incremental cost-
effectiveness. Sensitivity analyses for every variable (estimating
costs and QALYs) in the model were performed across a wide range
of values (see Tables 1 and 2). Based on the range of the ICER
produced by changing each input variable to its minimal and
maximal value, we determined the most influential variables in the
model (tornado diagram). Two-way sensitivity analyses were then
performed on selected plausibly correlated inputs with high impact
on cost and effectiveness.

Table 2. In-Hospital and Posthospital Discharge Costs

Base–Case* (95% CI) Distribution† Reference

In-hospital care

Intensive care unit Log nl

Cost/day, $ 2200 (2000–2400) 26§

Days, survivors 2.9 (1.4–6.6) 27

Days, nonsurvivors 1.1 (0.4–2.6) 27

Additional ICU days for the hypothermia cohort‡ 2 (�1–7) assumption28

Hospital ward Log nl

Cost/day, $ 820 (650–1020) 26§

Days, survivors 18 (10–36) 27

Days, nonsurvivors 2 (1–4) 27

Postdischarge care

Rehabilitation Log nl

Cost/day, $ 1390 (695–2500) 29§

Days 30 (7–90) Assumption

Long-term care facility Log nl

Nursing home, cost/day, $ 250 (125–500) 29§

Chronic ventilation care facility, cost/day, $ 1520 (760–2730) 29§

Long-term care facility, days 365 (180–545) Assumption

Lifetime expenditure cost of an ICD, $ 123 870 (102 290–148 650 19§

Estimated % of CPC 1 and 2 patients eligible for an ICD 80% (46%–100%) Logistic nl 30§

nl indicates normal.
*The base–case mean and 95% CI were used for the parameters of the probability distributions.
†For Monte Carlo simulations.
‡Additional ICU days for the hypothermia cohort to account for days spent initiating cooling/rewarming and potential complications

from hypothermia implementation.
§Cost adjusted to 2008 US dollars.
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All variables in the model were assigned a distribution. Probabil-
ities were assigned logistic normal distributions,34 cost variables
were assigned ln distributions,35 and cardiac arrest incidence was
assigned a poisson distribution.36 A uniform distribution was as-
signed to the variable: annual depreciation of cooling equipment,
because the distribution is unknown. In addition, 10 000 Monte

Carlo simulations were performed to estimate the overall variability
in cost and outcomes of each strategy, and we examined the
proportion of simulations below the $100 000/QALY threshold. We
used the arbitrary cutpoint of $100 000/QALY to be consistent with
previous cost effectiveness analyses, although empirical studies
suggest that the willingness to pay for US healthcare may very well
exceed these estimates.37

Tree Age Pro Health Care Module Software 2007 (Tree Age
Software) was used for all calculations. The authors had full access
to the data and take responsibility for its integrity. All authors have
read and agree to the manuscript as written.

Results
Base–Case Analysis
In our model, witnessed VF OHCA patients treated with
therapeutic hypothermia gained an average of 0.66 QALYs
(95% CI, 0.11 to 1.3) over those receiving conventional care,
at an incremental cost of $31 254 (95% CI, �5581 to 77 553)
yielding an incremental cost effectiveness ratio of $47 168
(95%CI, �16 673 to191 369) per QALY (Table 3). Overall,
hypothermia and rewarming accounted for only 1% of the
total cost attributed to patients in the hypothermia cohort of
our model, whereas posthypothermia in-hospital care and
postdischarge care accounted for 99% of the total cost.
Patients who survived but had poor neurological outcome
accounted for the majority of the postdischarge care costs
(Table 3).

Sensitivity Analysis
A series of 1-way sensitivity analyses of the inputs used to
estimate cost and effectiveness of conventional care versus
hypothermia demonstrated that the probability of poor neu-
rological outcome after hypothermia and the cost of posthy-
pothermia care (in-hospital [ICU, ICD] and rehabilitation)
were the most influential variables in the model (Figure 2).
However, even large reasonable changes in the value of these
variables did not increase the cost-effectiveness of therapeu-
tic hypothermia to greater than $100 000/QALY.

Two-way sensitivity analyses were also performed to
account for the probability of correlation between poor

Table 3. Economic Costs and Clinical Outcomes for a
Hypothetical Cohort of 100 Patients Assuming Base–Case
Model Inputs*

Conventional Care Hypothermia

Good neurologic outcome;
CPC 1 or 2

Pts in this category at
hospital discharge, n

39 55

Average cost, $ 200 182 208 217

Average QALY 4.19 4.19

Poor neurologic outcome;
CPC 3 or 4

Pts in this category at
hospital discharge, n

6 4

Average cost, $ 328 318 333 844

Average QALY 0.39 0.39

Expired; CPC 5, n

Pts in this category at
hospital discharge, n

55 41

Average cost, $ 7722 13 166

Average QALY 0 0

Total cohort, n 100 100

Total cost, $ 10 201 716 13 327 117

Incremental cost, $ 3 125 401

Total QALY 165.75 232.01

Incremental QALY 66.26

Incremental cost effectiveness 47 168

Pts indicates patients.
*Based on patients randomized to hypothermia or conventional care in the

Hypothermia After Cardiac Arrest trial.4

Figure 2. One-way sensitivity analyses of the
cost-effectiveness of therapeutic hypothermia.
The horizontal bars represent variability in the
model estimates. Specifically, each bar repre-
sents 1-way sensitivity analyses of influential
variables in the model across a range of possi-
ble outcomes, with the range of values listed in
Tables 1 and 2. Inputs are labeled on the
y-axis, and the variability of the incremental
cost-effectiveness ratios are indicated on the
x-axis.
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neurological outcome in both the hypothermia and conven-
tional care group. If the absolute number of additional
individuals with poor neurological outcome in the hypother-
mia group is 5% greater than those in the conventional care
group then the ICER will exceed $100 000/QALY.

Monte Carlo Analyses
Monte Carlo simulation allows for all of the model inputs to
be randomly varied at the same time across each parameter’s
assigned probability distribution. Independent random selec-
tions of all input parameters are combined to produce a
simulated model output (ie, incremental cost-effectiveness).
The random selections are repeated 10 000 times to produce
an empirical probability distribution of the cost-effectiveness
estimate of the model. This approach allows for a simulta-
neous evaluation of the effect of uncertainty in all parameters
in the model. In our Monte Carlo simulation, the incremental
cost-effectiveness ratio for cooling remained less than
$100 000/QALY in 91% of 10 000 Monte Carlo simulations.
The distribution plot from the Monte Carlo simulation is
depicted in Figure 3.

Discussion
Therapeutic hypothermia is the only postresuscitation therapy
shown to improve both survival and neurological outcomes
after cardiac arrest. We demonstrated that hypothermia with a
cooling blanket costs less than $100 000/QALY gained, and
this finding was sustained despite extensive variation in
model inputs. Specifically, this finding was consistent in 91%
of the 10 000 Monte Carlo simulations performed where
model parameters were varied at random. Even if a hospital
had only 1 patient eligible for hypothermia therapy annually,
and considerable postresuscitation care costs were accrued by
survivors, the cost-effectiveness of hypothermia would re-
main less than $100 000/QALY. This level of cost-
effectiveness is consistent with many widely accepted health
care interventions and is considerably lower than some other
estimates of US societal willingness-to-pay for health care.38

Prior cost-effectiveness analyses of cardiac arrest have
focused on intraarrest interventions like cardiopulmonary
resuscitation (CPR) and defibrillation.39–42 These studies
have evaluated the economic burden and ethical appropriate-
ness of widespread training and resource use for patients with
a minimal chance of survival. Widespread layperson resusci-
tation training has been estimated as costing $202 400/
QALY; public access defibrillation has been estimated to
have a cost-effectiveness of $44 000/QALY; and full deploy-
ment of airline defibrillation programs in all US commercial
aircraft has been estimated to cost $94 700/QALY.40–42 Few
studies, however, have specifically assessed the medical and
societal cost of caring for patients who survive cardiac arrest.
This is important as some survivors will have severe neuro-
logical disability and subsequently use costly health care
resources. In our analysis, the downstream cost of posthypo-
thermia in-hospital and postdischarge care were among the
most important factors in overall cost estimates. The equip-
ment and staff training costs for implementing hypothermia
and rewarming, however, were extremely small in compari-
son to downstream costs.

Neurological recovery after cardiac arrest cannot be pre-
dicted accurately among comatose cardiac arrest survivors at
the time of admission.43 Hypothermia could increase overall
cost of care for all cardiac arrest survivors by generating
additional days in the ICU, even for those patients who
ultimately do not survive to hospital discharge. Critical
decisions—for example, whether to continue aggressive man-
agement, withdraw care, or donate organs—could be delayed
in comatose arrest survivors who receive hypothermia from 1
to 2 days postarrest to several days postcooling and rewarm-
ing. Although recent data from a study comparing patients
receiving hypothermia to historical controls suggests that
ICU days may be fewer in patients who receive hypothermia
and have good outcomes, ICU length-of-stay among patients
who receive hypothermia and have poor outcomes (CPC 3 or
4) remains uncertain.28

Postdischarge care was an important component of the
total cost attributed to caring for arrest survivors. The
majority of this cost reflected long-term nursing facility care
accrued by a small minority of patients with significant
neurological disability. This cost is important to quantify
accurately because any effective therapy for cardiac arrest
may also increase the proportion of survivors with poor
neurological outcome. In our model, even when we increased
the proportion of neurologically impaired survivors in the
hypothermia group, we still observed favorable cost-
effectiveness estimates for hypothermia. Better estimates are
needed of the incidence of poor neurological outcome among
survivors of cardiac arrest treated with hypothermia and the
subsequent long-term care resource use of this population.

The benefit of cooling may have been underestimated in
our model because the reference case was based on inducing
hypothermia with a cooling blanket. However, it is not clear
that this approach represents the optimal cooling technology.
Previous reports have demonstrated that hypothermia can be
induced with alternate methods such as external application
of ice bags, which are readily available and inexpensive, or an
endovascular cooling device, which would be more expen-

Figure 3. Monte Carlo simulation distribution plot. The figure
illustrates the incremental cost effectiveness of hypothermia
compared with conventional care. The slope of the scatterplot
indicates incremental cost-effectiveness ratios of
$100 000/QALY.
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sive.5,44 The incremental cost-effectiveness of any therapy
can be markedly altered depending on the costs and benefits
of the next best alternative.45 Little is known, however, about
the effectiveness thresholds of different cooling methods, and
a large sample size would be needed to determine small but
significant differences in survival benefit between methods.
Comparative effectiveness studies would be necessary to
determine the incremental benefit of alternative means of
delivering hypothermia.

Limitations
Our analysis has several limitations regarding approximations
of outcomes and cost. First, our estimates of the effectiveness
of hypothermia derive from a single RCT with fewer than 400
patients. Patients in this study were also limited to those with
an initial arrest rhythm of VF who then met strict study
inclusion criteria. Patients with asystole or pulseless electric
activity were excluded, although hypothermia may be bene-
ficial in some of these individuals. Sufficient data were not
available to make plausible predictions for our model about
neurological outcomes and posthypothermia cost estimates in
this population. Additional evaluation of use of hypothermia
outside of clinical trial settings would provide estimates more
likely to reflect real world effectiveness of the therapy.

Our estimates of equipment and staffing costs to imple-
ment cooling are also approximations, but these estimates had
little influence on our final results. Second, in-hospital and
postdischarge resource use for patients receiving hypothermia
has not been extensively studied and was not reported in the
HACA trial. Several of our estimates were based on extrapola-
tions from studies of conventional treatment of cardiac arrest and
extrapolations from stroke literature that may not reflect practice
patterns in patients receiving hypothermia. Although the cost of
postdischarge care was influential in our final results, our
conclusions will largely be sustained unless there are unexpected
differences in the costs of caring for survivors who received
cooling compared to survivors who did not. Additionally, our
estimates for life-expectancy postarrest were conservative and
extrapolated from several studies.

Conclusions
We demonstrated that therapeutic hypothermia with a cooling
blanket technique in witnessed, VF, OHCA is an acceptable
investment of health care dollars and has an incremental cost
effectiveness ratio of $47 168/QALY. From a societal per-
spective, postarrest hypothermia produces benefits that justify
its costs.

Acknowledgments
Fritz Sterz, MD, and Michael Holzer, MD (University of Vienna,
Austria) provided assistance with cost estimates, and Jeremy M.
Kahn, MD, MS (University of Pennsylvania, Philadelphia) provided
assistance with data analysis/model design. Joshua P. Metlay, MD,
PhD (University of Pennsylvania, Philadelphia) provided critical
manuscript review.

Sources of Funding
This work was supported by the Robert Wood Johnson Foundation’s
Clinical Scholars program at the University of Pennsylvania (to Dr
Merchant) and a Career Development Transition Award from the

Veterans Affairs Health Services Research and Development Service
(to Dr Groeneveld).

Disclosures
Dr Merchant has received speaking honoraria (one time, 2006) from
Alsius Corporation. Dr Becker has received speaker honoraria/con-
sultant fees from Philips Healthcare and Benechill Inc; has received
institutional grant/research support from Philips Healthcare, Laerdal
Medical, Alsius Corporation, the National Institutes of Health, and
Cardiac Science; is part of hypothermia induction patents, including
3 issued patents and 3 pending patents for medical slurries; and holds
inventor’s equity and royalties from Cold Core Therapeutics’ Inc, a
company developing cooling technologies using “slurry” technol-
ogy. Dr Abella has received speaking honoraria from Alsius Corp,
Laerdal, and Philips Healthcare and grants from Philips Healthcare
and Cardiac Science.

References
1. Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac death in the

United States, 1989 to 1998. Circulation. 2001;104:2158–2163.
2. Nichol G, Stiell IG, Laupacis A, Pham B, De Maio VJ, Wells GA.

A cumulative meta-analysis of the effectiveness of defibrillator-capable
emergency medical services for victims of out-of-hospital cardiac arrest.
Ann Emerg Med. 1999;34:517–525.

3. Rosamond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, Hailpern
SM, Ho M, Howard V, Kissela B, Kittner S, Lloyd-Jones D, McDermott
M, Meigs J, Moy C, Nichol G, O’Donnell C, Roger V, Sorlie P, Stein-
berger J, Thom T, Wilson M, Hong Y. Heart disease and stroke statis-
tics–2008 update: a report from the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Circulation. 2008;117:
e25–e146.

4. Mild therapeutic hypothermia to improve the neurologic outcome after
cardiac arrest. N Engl J Med. 2002;346:549–556.

5. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G,
Smith K. Treatment of comatose survivors of out-of-hospital cardiac
arrest with induced hypothermia. N Engl J Med. 2002;346:557–563.

6. Holzer M, Bernard SA, Hachimi-Idrissi S, Roine RO, Sterz F, Mullner M.
Hypothermia for neuroprotection after cardiac arrest: systematic review
and individual patient data meta-analysis. Crit Care Med. 2005;33:
414–418.

7. 2005 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation. 2005;
112:IV1–203.

8. Merchant RM, Soar J, Skrifvars MB, Silfvast T, Edelson DP, Ahmad F,
Huang KN, Khan M, Vanden Hoek TL, Becker LB, Abella BS. Thera-
peutic hypothermia utilization among physicians after resuscitation from
cardiac arrest. Crit Care Med. 2006;34:1935–1940.

9. Abella BS, Rhee JW, Huang KN, Vanden Hoek TL, Becker LB. Induced
hypothermia is underused after resuscitation from cardiac arrest: a current
practice survey. Resuscitation. 2005;64:181–186.

10. Majersik JJ, Silbergleit R, Meurer WJ, Brown DL, Lisabeth LD, Mor-
genstern LB. Public health impact of full implementation of therapeutic
hypothermia after cardiac arrest. Resuscitation. 2008;77:189–194.

11. Berwick DM. Disseminating innovations in health care. JAMA. 2003;289:
1969–1975.

12. Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet. 1975;1:480–484.

13. A randomized clinical study of a calcium-entry blocker (lidoflazine) in
the treatment of comatose survivors of cardiac arrest. Brain Resuscitation
Clinical Trial II Study Group. N Engl J Med. 1991;324:1225–1231.

14. Stiell I, Nichol G, Wells G, De Maio V, Nesbitt L, Blackburn J, Spaite D.
Health-related quality of life is better for cardiac arrest survivors who
received citizen cardiopulmonary resuscitation. Circulation. 2003;108:
1939–1944.

15. Fryback DG, Dasbach EJ, Klein R, Klein BE, Dorn N, Peterson K, Martin
PA. The Beaver Dam Health Outcomes Study: initial catalog of
health-state quality factors. Med Decis Making. 1993;13:89–102.

16. Gage BF, Cardinalli AB, Owens DK. The effect of stroke and stroke
prophylaxis with aspirin or warfarin on quality of life. Arch Intern Med.
1996;156:1829–1836.

17. Raina KD, Callaway C, Rittenberger JC, Holm MB. Neurological and func-
tional status following cardiac arrest: Method and tool utility. Resuscitation.
2008;79:249–256.

Merchant et al Cost-Effectiveness of Therapeutic Hypothermia 7



18. Eisenberg MS, Hallstrom A, Bergner L. Long-term survival after out-of-
hospital cardiac arrest. N Engl J Med. 1982;306:1340–1343.

19. Owens DK, Sanders GD, Harris RA, McDonald KM, Heidenreich PA,
Dembitzer AD, Hlatky MA. Cost-effectiveness of implantable cardio-
verter defibrillators relative to amiodarone for prevention of sudden
cardiac death. Ann Intern Med. 1997;126:1–12.

20. Rea TD, Crouthamel M, Eisenberg MS, Becker LJ, Lima AR. Temporal
patterns in long-term survival after resuscitation from out-of-hospital
cardiac arrest. Circulation. 2003;108:1196–1201.

21. Haugk M, Sterz F, Grassberger M, Uray T, Kliegel A, Janata A, Richling
N, Herkner H, Laggner AN. Feasibility and efficacy of a new non-
invasive surface cooling device in post-resuscitation intensive care
medicine. Resuscitation. 2007;75:76–81.

22. Macario A, Chow JL, Dexter F. A Markov computer simulation model of
the economics of neuromuscular blockade in patients with acute respi-
ratory distress syndrome. BMC Med Inform Decis Mak. 2006;6:15.

23. Kirchhoff KT, Dahl N. American Association of Critical-Care Nurses’
national survey of facilities and units providing critical care. Am J Crit
Care. 2006;15:13–27.

24. Bernard S, Buist M, Monteiro O, Smith K. Induced hypothermia using
large volume, ice-cold intravenous fluid in comatose survivors of out-of-
hospital cardiac arrest: a preliminary report. Resuscitation. 2003;56:9–13.

25. Kim F, Olsufka M, Carlbom D, Deem S, Longstreth WT Jr, Hanrahan M,
Maynard C, Copass MK, Cobb LA. Pilot study of rapid infusion of 2 L of 4
degrees C normal saline for induction of mild hypothermia in hospitalized,
comatose survivors of out-of-hospital cardiac arrest. Circulation. 2005;112:
715–719.

26. Kahn JM, Rubenfeld GD, Rohrbach J, Fuchs BD. Cost savings attrib-
utable to reductions in intensive care unit length of stay for mechanically
ventilated patients. Med Care. 2008;46:1226–1233.

27. Nolan JP, Laver SR, Welch CA, Harrison DA, Gupta V, Rowan K.
Outcome following admission to UK intensive care units after cardiac
arrest: a secondary analysis of the ICNARC Case Mix Programme
Database. Anaesthesia. 2007;62:1207–1216.

28. Storm C, Steffen I, Schefold JC, Kruger A, Oppert M, Jorres A, Hasper
D. Mild therapeutic hypothermia shortens ICU stay of survivors after
out-of-hospital cardiac arrest compared to historical controls. Crit Care.
2008;12:R78.

29. Paniagua D, Lopez-Jimenez F, Londono JC, Mangione CM, Fleischmann
K, Lamas GA. Outcome and cost-effectiveness of cardiopulmonary resus-
citation after in-hospital cardiac arrest in octogenarians. Cardiology.
2002;97:6–11.

30. Voigt A, Ezzeddine R, Barrington W, Obiaha-Ngwu O, Ganz LI, London
B, Saba S. Utilization of implantable cardioverter-defibrillators in sur-
vivors of cardiac arrest in the United States from 1996 to 2001. J Am Coll
Cardiol. 2004;44:855–858.

31. Medical aspects of the persistent vegetative state (2). The Multi-Society
Task Force on PVS. N Engl J Med. 1994;330:1572–1579.

32. Zandbergen EG, de Haan RJ, Stoutenbeek CP, Koelman JH, Hijdra A.
Systematic review of early prediction of poor outcome in anoxic-
ischaemic coma. Lancet. 1998;352:1808–1812.

33. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA III, Freedman RA,
Gettes LS, Gillinov AM, Gregoratos G, Hammill SC, Hayes DL, Hlatky
MA, Newby LK, Page RL, Schoenfeld MH, Silka MJ, Stevenson LW,
Sweeney MO, Smith SC Jr, Jacobs AK, Adams CD, Anderson JL, Buller
CE, Creager MA, Ettinger SM, Faxon DP, Halperin JL, Hiratzka LF,
Hunt SA, Krumholz HM, Kushner FG, Lytle BW, Nishimura RA, Ornato
JP, Riegel B, Tarkington LG, Yancy CW. ACC/AHA/HRS 2008
Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormalities:
a report of the American College of Cardiology/American Heart Asso-
ciation Task Force on Practice Guidelines (Writing Committee to Revise
the ACC/AHA/NASPE 2002 Guideline Update for Implantation of
Cardiac Pacemakers and Antiarrhythmia Devices): developed in collab-
oration with the American Association for Thoracic Surgery and Society
of Thoracic Surgeons. Circulation. 2008;117:e350–e408.

34. Doubilet P, Begg CB, Weinstein MC, Braun P, McNeil BJ. Probabilistic
sensitivity analysis using Monte Carlo simulation. A practical approach.
Med Decis Making. 1985;5:157–177.

35. Pasta DJ, Taylor JL, Henning JM. Probabilistic sensitivity analysis incor-
porating the bootstrap: an example comparing treatments for the eradi-
cation of Helicobacter pylori. Med Decis Making. 1999;19:353–363.

36. Skogvoll E, Lindqvist BH. Modeling the occurrence of cardiac arrest as
a poisson process. Ann Emerg Med. 1999;33:409–417.

37. Ubel PA, Hirth RA, Chernew ME, Fendrick AM. What is the price of life
and why doesn’t it increase at the rate of inflation? Arch Intern Med.
2003;163:1637–1641.

38. Braithwaite RS, Meltzer DO, King JT Jr, Leslie D, Roberts MS. What
does the value of modern medicine say about the $50 000 per quality-
adjusted life-year decision rule? Med Care. 2008;46:349–356.

39. Nichol G, Valenzuela T, Roe D, Clark L, Huszti E, Wells GA. Cost
effectiveness of defibrillation by targeted responders in public settings.
Circulation. 2003;108:697–703.

40. Nichol G, Hallstrom AP, Ornato JP, Riegel B, Stiell IG, Valenzuela T,
Wells GA, White RD, Weisfeldt ML. Potential cost-effectiveness of
public access defibrillation in the United States. Circulation. 1998;97:
1315–1320.

41. Groeneveld PW, Kwong JL, Liu Y, Rodriguez AJ, Jones MP, Sanders
GD, Garber AM. Cost-effectiveness of automated external defibrillators
on airlines. JAMA. 2001;286:1482–1489.

42. Groeneveld PW, Owens DK. Cost-effectiveness of training unselected
laypersons in cardiopulmonary resuscitation and defibrillation. Am J Med.
2005;118:58–67.

43. Booth CM, Boone RH, Tomlinson G, Detsky AS. Is this patient dead,
vegetative, or severely neurologically impaired? Assessing outcome for
comatose survivors of cardiac arrest. JAMA. 2004;291:870–879.

44. Al-Senani FM, Graffagnino C, Grotta JC, Saiki R, Wood D, Chung W,
Palmer G, Collins KA. A prospective, multicenter pilot study to evaluate
the feasibility and safety of using the CoolGard System and Icy catheter
following cardiac arrest. Resuscitation. 2004;62:143–150.

45. Gold M, Siegel JE, Russell LB, Weinstein MC, eds. Cost-Effectiveness in
Health and Medicine. New York: Oxford University Press; 1996.

8 Circ Cardiovasc Qual Outcomes September 2009


