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BACKGROUND: Therapeutic hypothermia (TH) improves
outcomes following cardiac arrest in small clinical trials.

OBJECTIVE: To study real-world utilization and outcomes
in US hospitals.

DESIGN: Retrospective cohort study.

SETTING: California hospitals.

PATIENTS: Patients eligible for therapeutic hypothermia
after cardiac arrest.

INTERVENTIONS: We analyzed all discharges from
California (1999–2008) to identify patients eligible for TH
after cardiac arrest. Patients were considered eligible for TH
if both cardiac arrest and anoxic brain injury were among
the administrative diagnoses (n ¼ 46,833). Patients
undergoing TH (n ¼ 204) were identified through billing
codes.

MEASUREMENTS: TH utilization and in-hospital mortality.

RESULTS: Use of TH increased over the study period with
87.3% (178/204) of TH occurring between 2006 and 2008.
Few hospitals appeared to perform TH over the study
period (47/419, 11.2%). Utilization of TH was concentrated
in a few centers, with the top 3 of 419 centers accounting
for 31.4% (64/204) of cases. Patients undergoing TH were
younger, less likely to be male, more likely to be treated at
teaching centers, and had similar comorbidities compared
to eligible individuals who did not undergo TH. The adjusted
odds ratio for hospital mortality among patients undergoing
TH was 0.80 (95% confidence interval [CI] 0.60–1.06,
P ¼ 0.11).

CONCLUSIONS: TH utilization appears low, but
implementation is increasing. Case selection and referral
biases limit the analysis of the relationship between center
TH volume and in-hospital mortality. Journal of Hospital
Medicine 2012;7:684–689. VC 2012 Society of Hospital
Medicine.

There are over 350,000 cases of out-of-hospital car-
diac arrest (OHCA) each year in the United States1,2

and, with supportive therapy alone, only a fraction of
victims survive to hospital discharge. Rapid interven-
tion including cardiopulmonary resuscitation in the
moments following arrest is critical to minimizing
neurologic injury, morbidity, and mortality. In 2002,
two small randomized controlled trials showed a sur-
vival benefit of therapeutic hypothermia (TH) when
provided within 1–2 hours after return of circulation
following an OHCA and, to date, TH remains one of
the few interventions with proven mortality benefit af-
ter initial cardiopulmonary resuscitation.3,4 Since
2003, TH has been incorporated into the American
Heart Association practice guidelines5–7 and use of
TH has steadily increased, but widespread clinical
uptake remains low.8,9

The initial studies that evaluated TH were small,
with only 189 patients included in the TH arms of the
2 trials combined. To date, only a few studies have
replicated this initial observation in real-world set-
tings, with little analysis of outcomes in US centers in
particular.10–13 Accordingly, we aimed to examine the
real-world experience with TH in the United States
using a large administrative claims database of all
California hospital admissions to describe utilization
trends, hospital mortality, and volume–outcome rela-
tionships associated with the intervention.

MATERIALS AND METHODS
Data

We identified all admissions to California hospitals
during 1999–2008 based on discharge records from
the California Office of Statewide Health Planning
and Development. Our study period included cases of
TH performed prior to the 2002 major clinical trials,
since TH was in occasional use prior to the publica-
tion of these trials. The data was de-identified and
publicly available, and therefore exempt from review
by the Institutional Review Board. In addition to hos-
pital name, each discharge record included patient
age, gender, admission year, International Classifica-
tion of Disease, Ninth Revision (ICD-9) code for pre-
senting primary and secondary diagnoses, procedure
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codes, and disposition (discharge to home or rehabili-
tation, in-hospital death). All California hospitals
were included in the registry (n ¼ 419). We defined
teaching status for each hospital based on membership
in the Council of Teaching Hospitals, as reported in
the American Hospital Association’s Annual Survey (n
¼ 19 teaching hospitals).14

Setting and Participants

We used discharge diagnoses to identify patients who
could be considered eligible for therapeutic hypother-
mia after cardiac arrest. We classified patients as eligi-
ble for therapeutic hypothermia after cardiac arrest
based on ICD-9 diagnosis codes that indicated the
presence of both cardiac arrest and anoxic brain
injury in the administrative diagnoses. Because of
known imprecision in using billing codes to identify
patients with cardiac arrest,15,16 we broadly defined
cardiac arrest to include those patients with ICD-9
codes for cardiac arrest, ventricular fibrillation (VF),
or ventricular tachycardia (VT) (see Supporting Table
1 in the online version of this article). We could not
distinguish between out-of-hospital and in-hospital
cardiac arrest based on administrative diagnoses. To
ensure that we included only patients with cardiac
arrest complicated by neurologic insult, we required
an ICD-9 diagnosis of either anoxic brain injury,
coma, or persistent vegetative state. Claims did not
allow us to distinguish among initial cardiac arrest
rhythms (VF vs pulseless VT vs asystole). Patients
younger than 18 years of age, and those who were
pregnant, suffered traumatic brain injury, intracranial
hemorrhage, metastatic cancer, or dementia were
excluded.3,17 We did not exclude patients based on
coagulopathy (which is considered a contraindication

to TH), since ICD-9 coding did not allow us to deter-
mine the severity of the coagulopathy or whether it
was a result of therapeutic hypothermia itself.
We used the ICD-9 procedure code (99.81) for TH

to first identify patients who underwent TH from
1999 to 2008. Since this code also applies to TH used
during cardiac and neurosurgery, we examined each
of these cases and excluded individuals who under-
went cardiac surgery or neurosurgery during the hos-
pitalization. As in our ‘‘eligible for TH’’ definition, we
excluded patients younger than 18 years of age, and
those who were pregnant, suffered traumatic brain
injury, intracranial hemorrhage, metastatic cancer, or
dementia. Patients who underwent therapeutic hypo-
thermia but for whom a specific procedure code was
not recorded in the discharge abstract—perhaps
because the medical institution did not directly bill for
the procedure—could not be identified.

Statistical Analysis

We used a multivariable logistic model to estimate dif-
ferences in hospital mortality after cardiac arrest asso-
ciated with use of therapeutic hypothermia. We con-
ducted 2 specifications. In our baseline specification,
we accounted for case-mix differences between those
who underwent TH and those who did not by adjust-
ing for age, gender, year of admission, the number of
Charlson-Deyo comorbidities,18–20 and hospital teach-
ing status. Because mortality after cardiac arrest in
centers that perform therapeutic hypothermia may be
different from centers that do not, even for patients
who do not undergo the procedure, we included indi-
cators for volume tercile of therapeutic hypothermia
cases performed. Volume of therapeutic hypothermia
was defined at the hospital level as the total number
of cases performed by that hospital from 1999 to
2008.
In order to explore how hospital teaching status,

volume of therapeutic hypothermia procedures (bro-
ken into terciles), and year of admission affected the
association between hospital mortality after cardiac
arrest and therapeutic hypothermia, our baseline logis-
tic model was expanded to include interactions
between therapeutic hypothermia and each of these
variables. The interaction between therapeutic hypo-
thermia and year explored whether the effectiveness
of the procedure changed over time, as case-selection,
method of therapeutic hypothermia (cold saline vs
commercially available devices), and experience
changed in California hospitals. For both specifica-
tions, we reported the odds ratio of hospital mortality
among patients undergoing therapeutic hypothermia,
as well as risk-adjusted mortality for both TH and
non-TH groups.
STATA version 11 (STATA Corp, College Station,

TX) was used for statistical analyses, and a 2-sided P
� 0.05 was used.

TABLE 1. Characteristics of Patients Suffering
Cardiac Arrest Complicated by Neurologic Insult,
Stratified by Therapeutic Hypothermia Use,
California Hospitals 1999–2008

Therapeutic

Hypothermia

No Therapeutic

Hypothermia P Value

No. observations 204 46,629
No. cases in teaching hospitals 51 3,658
No. cases in non-teaching hospitals 153 42,789
Age, y 63.9 6 15.0 67.3 6 15.7 0.06
Male 30.7 44.6 <0.01
Hospital mortality, % 56.9 62.8 0.08
Comorbidities
No. Charlson-Deyo comorbidities 2.5 6 2.0 2.5 6 2.0 0.89
Coronary artery disease, % 48.0 38.0 <0.01
Acute myocardial infarction, % 42.6 28.9 <0.01
Congestive heart failure, % 27.9 35.3 0.03
Hypertension, % 36.3 33.2 0.83
Acute renal failure, % 33.3 26.6 0.03
Diabetes mellitus, % 30.9 23.0 <0.01
Chronic obstructive pulmonary disease, % 10.3 19.3 <0.01

P values for age, hospital mortality, and number of Charlson-Deyo comorbidities reflect 2-sided t test of
continuous variables; P values for all other variables reflect v2 test of categorical data.
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RESULTS
Descriptive Data

Table 1 reports summary statistics for patients with
cardiac arrest complicated by neurologic insult
(anoxic brain injury, coma, or persistent vegetative
state) between 1999 and 2008. Across all years, 204
patients were identified as undergoing TH. In compar-
ison, 105 patients were identified as undergoing TH
in 2008 alone. Patients who underwent TH were less
likely to be male (30.7% vs 44.6% male, P < 0.01),
were younger (63.9 6 15.0 years vs 67.3 6 15.7
years, P ¼ 0.03), and had equivalent numbers of
Charlson-Deyo comorbidities (2.5 6 2.0 diagnoses vs
2.5 6 2.0 diagnoses, P ¼ 0.89). Therapeutic hypo-
thermia was more commonly employed at teaching
hospitals (51/3709 [1.4%] vs 153/42,942 [0.4%], P <
0.01). There was a trend toward decreased unadjusted
mortality among patients who underwent therapeutic
hypothermia compared with those who did not
(56.9% vs 62.8%, P ¼ 0.08).
Figures 1 and 2 provide additional aggregate statistics

on therapeutic hypothermia in California hospitals. Fig-
ure 1 plots the number of therapeutic hypothermia
cases recorded in the administrative discharge registry
between 1999 and 2008. Of the 204 total cases identi-

fied during this period, 178 (87.3%) were performed
between 2006 and 2008. Figure 2 shows the distribu-
tion of TH cases across centers that performed thera-
peutic hypothermia (n ¼ 47 hospitals, 11.3 % of all
hospitals). Ten centers accounted for 124/204 (60.7%)
of the total patients treated with TH after cardiac
arrest; the top 3 centers accounted for 64 (31.4%) of
the treated patients. Twenty-seven hospitals were iden-
tified as performing therapeutic hypothermia on only 1
or 2 patients between 1999 and 2008.

Risk-Adjusted Mortality

Table 2 presents the odds ratio of factors predicting
in-hospital mortality after cardiac arrest complicated
by neurologic insult. Factors include use of TH after
cardiac arrest, age, gender, year of admission, number
of Charlson-Deyo comorbidities, hospital teaching sta-
tus, and volume tercile of hospitals that performed
therapeutic hypothermia. Overall, patients who were
older, male, and had greater comorbidities were statis-
tically more likely to die after cardiac arrest compli-
cated by neurologic insult. Regardless of whether they
underwent TH, patients admitted to hospitals in the
highest volume tercile of TH use were more likely to
die after cardiac arrest. Adjusting for volume tercile,
teaching hospital status was not independently associ-
ated with mortality after cardiac arrest. The adjusted
odds ratio of mortality among patients undergoing
therapeutic hypothermia was 0.80 (95% confidence
interval [CI] 0.60–1.06, P ¼ 0.11). The adjusted prob-
ability of inpatient mortality among patients under-
going therapeutic hypothermia was 57.5% (95% CI
50.7–64.3%) compared to those who did not 62.8%
(95% CI 61.7–63.9%, P ¼ 0.11).

FIG. 1. Annual cases of therapeutic hypothermia performed after out-of-

hospital cardiac arrest complicated by neurologic insult; administrative

claims data from California hospitals, 1999–2008.

FIG. 2. Total cases of therapeutic hypothermia performed after cardiac

arrest complicated by neurologic insult, by hospitals performing procedure;

administrative claims data from California hospitals, 1999–2008.

TABLE 2. Adjusted Odds Ratio of Hospital Mortality
After Cardiac Arrest Complicated by Neurologic
Insult in a Multivariable Regression Model, California
Hospitals 1999–2008

Variable

Odds Ratio of

Hospital Mortality (95% CI) P Value

No. observations 46,651
Age*
65–69 1.19 (1.12–1.28) <0.001
70–74 1.29 (1.20–1.39) <0.001
75–79 1.55 (1.44–1.67) <0.001
80–84 1.79 (1.65–1.93) <0.001
85 and over 2.06 (1.89–2.25) <0.001

Male 1.15 (1.10–1.21) <0.001
Teaching hospital 1.13 (0.95–1.34) 0.17
No. Charlson-Deyo comorbidities 1.09 (1.08–1.10) <0.001
Year trend 0.98 (0.97–0.99) <0.001
Volume tercile among hospitals performing TH†
First tercile 0.94 (0.79–1.12) 0.48
Second tercile 1.03 (0.80–1.33) 0.82
Third tercile 1.20 (1.05–1.36) 0.006

Therapeutic hypothermia 0.80 (0.60–1.06) 0.11

Abbreviations: CI, confidence interval; TH, therapeutic hypothermia. *Odds ratios compared to individuals
aged 60–65. †Odds ratios compared to hospitals not performing TH.
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Figure 3 presents adjusted mortality after cardiac
arrest in hospitals that did not perform TH, as well as
adjusted mortality associated with TH for each volume
tercile of hospitals that performed the procedure. Hos-
pital mortality rates among patients not receiving TH
after cardiac arrest were slightly higher in hospitals in
the high volume tercile of TH (66.3%, 95% CI 63.8–
68.8%) compared to hospitals in low and moderate
volume terciles and to hospitals not performing TH (P
< 0.001). Hospital mortality rates among low and
moderate TH volume centers and in centers not per-
forming TH were similar (62.3%, 61.3%, and 63.4%,
respectively). Among both the low volume and moder-
ate volume terciles, however, patients who underwent
TH after cardiac arrest were significantly less likely to
die in-hospital compared to those who did not. For
patients admitted to hospitals in the low volume tercile,
those undergoing therapeutic hypothermia had an
adjusted hospital mortality rate of 25.5% (95% CI
3.0–47.9%) compared to those who did not undergo
TH (adjusted mortality 61.3%, 95% CI 57.4–65.1%),
P < 0.001. In the moderate volume tercile, patients
receiving therapeutic hypothermia had an adjusted hos-
pital mortality rate of 31.0% (95% CI 9.2%–52.8%)
compared to 63.4% (95% CI 57.7–69.1%), P <
0.001, among those not undergoing the procedure.
There was no statistically significant difference in
adjusted mortality between those who underwent TH
and those who did not, in hospitals in the highest vol-
ume tercile (P ¼ 0.211). In addition to examining how
volume of therapeutic hypothermia performed by hos-
pitals affected the association between TH and hospital
mortality, we also examined whether year of admission
and teaching hospital independently modified the asso-
ciation. Neither year of admission nor teaching hospital
statistically significantly affected the association
between therapeutic hypothermia and hospital mortal-
ity after cardiac arrest at the P < 0.10 level.

DISCUSSION
In an administrative database of all admissions to Cal-
ifornia hospitals, we demonstrated that use of TH

increased steadily since the publication of the initial
clinical trials in 2002. The absolute level of TH utili-
zation in our study undoubtedly represents a signifi-
cant underestimation of actual TH utilization, how-
ever, our study does provide an assessment of the
utilization trends over time. The bulk of TH use
appears to be performed in a small group of high vol-
ume centers, and 89% of California hospitals did not
perform TH during the study period (as assessed by
procedure billing codes). Additionally, within the limi-
tations of a retrospective, administrative claims-based
study design, TH appears to be associated with a simi-
lar in-hospital mortality rate to that seen in clinical
trials.3,4 In exploratory analyses, there appears to be a
particular benefit of TH in low and moderate volume
centers, though these findings should be considered
hypothesis-generating.
Despite the body of evidence in favor of TH, utiliza-

tion in our study and others appears quite low. In a
2005 survey of physicians, 87% of respondents had
never used therapeutic hypothermia, citing inadequate
data, technical limitations, and lack of incorporation
in the Advanced Cardiac Life Support (ACLS) proto-
col as principal justifications.8 Other surveys have
shown similar results and noted that critical care
physicians and those working in large medical centers
were more likely to adopt the therapy.9 Advocates of
the therapy have suggested that an explicit hospital-
based plan developed by key stakeholders can help
facilitate implementation.21 Accordingly, there is
growing interest in developing centers of expertise in
highly intensive therapies such as TH. For instance,
the New York City Emergency Medical Service has
begun to explore a protocol to divert TH candidates
to specialized centers.22,23 Some favorable results have
been reported in individual hospitals and local hospi-
tal systems.24–28

Our data suggest that TH is associated with an in-
hospital mortality rate that is comparable to that
reported in the clinical trials. For example, in a 2009
meta-analysis of 4 clinical trials and 1 abstract (481
patients in total), TH was associated with a 35% rela-
tive mortality benefit as compared to standard post-
resuscitation care.29 It has been estimated that broad
TH implementation could save thousands of lives30

and many authors have advocated for its use and out-
lined explicit protocols for implementation.17 Further-
more, TH appears to be cost-effective in line with
other accepted therapies. Assuming the Hypothermia
After Cardiac Arrest (HACA) trial inclusion criteria,
even at extreme estimates for costs, the cost-effective-
ness of hypothermia remains less than $100,000 per
quality-adjusted life year.31

There are important limitations of this study. Our
use of administrative claims data certainly underesti-
mates the level of TH utilization, since we could only
identify cases in which TH was included in the billing
codes for the hospitalization. Hospitals may vary in

FIG. 3. Adjusted hospital mortality after cardiac arrest complicated by

neurologic insult, stratified by therapeutic hypothermia (TH) and volume of

hospital.
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utilization of this particular billing code for TH in
ways that bias our estimated associations. The ICD-9
code 99.81 for therapeutic hypothermia was also not
developed for post-cardiac arrest TH specifically, so
use of the code may actually lag clinical utilization.
Although the observed trend in TH utilization is likely
mainly due to a true increase in utilization, it is possi-
ble that some of the observed increase is due to an
increase in utilization of TH procedure billing codes.
Our TH utilization estimates should be construed as a
lower bound of the actual rates. Additionally,
although the estimated real-world mortality benefit of
TH may be comparable to that of clinical trials, the
equivalence of patients in our sample to those in pub-
lished randomized trials is uncertain. Similarly, even
after adjusting for age, gender, year of admission,
comorbidities, hospital teaching status, and TH vol-
ume, there are likely many unmeasured variables that
influence mortality in both the TH and comparison
groups. There are also likely patients included in our
comparison group who had both cardiac arrest or
ventricular tachycardia and anoxic brain injury, but
who were not candidates for TH as the episode of
cardiac arrest followed rather than preceded the
anoxic brain injury. Since we lack detailed clinical
data about the TH cases (initial rhythm, time before
return of circulation, preexisting disease states, etc.),
we are unable to match controls directly to cases.
Additionally, we lack data to assess neurologic recov-
ery or quality of life after arrest.
The observation that a mortality benefit in our study

could be detected only in low and moderate volume
centers requires further exploration. Indeed, one might
expect that high volume centers may have better out-
comes with TH as a result of more robust infrastruc-
ture, technical experience, and available resources.
Our finding that mortality benefits of TH appear con-
centrated in centers with low to moderate volume of
TH utilization suggest at least 1 of 2 possibilities.
First, low and moderate volume centers may perform
TH in a subset of patients who benefit most from the
intervention or, alternatively, in the most viable car-
diac arrest cases (those who may fare well with or
without the therapy). Consequently, we may observe
relatively favorable outcomes in this group due to this
selection bias. Second, high volume centers—despite
having more expertise—may also attract patients at
higher mortality risk due to referral bias. This would
lead us to estimate lower mortality benefits associated
with TH in these high volume centers. Indeed, greater
observed mortality at high volume centers regardless
of TH status suggests that overall acuity is higher at
high volume centers. While our inferences are greatly
affected by issues of case selection and referral bias, it
also important to consider the possibility that the esti-
mated mortality benefit of TH in higher volume cen-
ters is lower because of the selection of patients who
do not meet current guidelines for treatment with TH.

Distinguishing whether the selection of patients under-
going TH at high volume centers is appropriate or
inappropriate based on current guidelines is an impor-
tant issue that merits further research with datasets
with more refined patient clinical information.
In summary, therapeutic hypothermia utilization is

low, but the rate of implementation has increased
since the publication of the initial clinical trials in
2002. The bulk of TH utilization appears limited to a
subset of high volume centers, and most centers in
California appear to have not used the therapy. Real-
world in-hospital mortality associated with TH is
comparable to that reported in randomized clinical
trials.
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