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a b s t r a c t
Aim: A growing body of evidence suggests that variability in post-cardiac arrest care contributes to differential outcomes of patients with initial return of spontaneous circulation after cardiac arrest. We examined
hospital-level variation in mortality of patients admitted to United States intensive care units (ICUs) with
a diagnosis of cardiac arrest.
Methods: Patients with a primary ICU admission diagnosis of cardiac arrest were identiﬁed in the
2002–2005 Acute Physiology and Chronic Health Evaluation (APACHE) IV dataset, a multicenter clinical
registry of ICU patients.
Results: We identiﬁed 4674 patients from 39 hospitals. The median number of annual patients was 33
per hospital (range: 12–116). Mean APACHE score was 94 (±38), and overall mortality was 56.8%. Age,
severity of illness (acute physiology score), and admission Glasgow Coma Scale were all associated with
increased mortality (p < 0.001). There was no survival difference for patients admitted from the emergency
department vs. the inpatient ﬂoor. Among institutions, unadjusted in-hospital mortality ranged from 41%
to 81%. After adjusting for age and severity of illness, institutional mortality ranged from 46% to 68%.
Patients treated at higher volume centers were signiﬁcantly less likely to die in the hospital.
Conclusions: We demonstrate hospital-level variation in severity adjusted mortality among patients
admitted to the ICU after cardiac arrest. We identify a volume–outcome relationship showing lower
mortality among patients admitted to ICUs that treat a high volume of post-cardiac arrest patients.
Prospective studies should identify hospital-level and patient care factors that contribute to post-cardiac
arrest survival.
© 2008 Elsevier Ireland Ltd. All rights reserved.

Introduction
Overall survival after cardiac arrest is poor,1,2 and has remained
largely unchanged over time.3,4 Furthermore, despite international
efforts to develop and disseminate cardiac arrest treatment guidelines, signiﬁcant outcome variability persists among individual
emergency medical service (EMS) systems and hospital. Reported
rates of survival to hospital discharge range from 1% to 31% after out-
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of-hospital cardiac arrest2,5 and 0% to 42% after in-hospital cardiac
arrest.6 Although numerous pre-arrest,3,7,8 and intra-arrest9–15 factors contribute to this variability, much less is known about the
relative contribution of post-cardiac arrest care.
Post-cardiac arrest care is now recognized as a critical link in
the chain of survival.16,17 Therapeutic hypothermia and formalized post-cardiac arrest treatment protocols decrease morbidity
and mortality.18–21 However, substantial inter-hospital variability
in mortality of patients that achieve initial return of spontaneous
circulation (ROSC) has been reported.8,22 Mortality differences have
been associated with hospital-based factors as well as patient care
factors.23,24 Although likely to be a universal phenomenon, all of
these data are from sites outside the United States (US).
The goal of this study was to examine within the US health care
system the variability in mortality of patients that achieve initial
ROSC after cardiac arrest. Documenting inter-hospital variability of
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post-cardiac arrest mortality is the ﬁrst step in understanding the
role of post-cardiac arrest care in the overall chain of survival. Ultimately, identifying the sources of variability is essential to optimize
post-cardiac arrest care. This study utilized a large clinical intensive
care unit (ICU) database to determine site-dependent variability in
adjusted in-hospital mortality and the association between mortality and hospital case volume.

Table 1
Hospital characteristics.
Characteristic
Teaching status
Academic
Community with housestaff
Community
Number of hospital beds

Methods
Study design and patients
We conducted a retrospective cohort study using the Acute
Physiology and Chronic Health Evaluation (APACHE) IV database
(Cerner Corporation, Kansas City, MO). APACHE is an ICU clinical
information system used by participating hospitals within the US
for benchmarking and quality improvement.25 Patient demographics, admission source, primary admission diagnosis, and detailed
laboratory and physiologic variables are collected in the ﬁrst 24 h
of ICU admission. Trained clinical coordinators supervised data
collection at each site. Data quality is ensured with extensive onsite training, automated software that prevents implausible values,
and data audits that occur regularly at both the local and central
level. Hospitals participating in APACHE are diverse in size, ownership, academic status and region of the country. APACHE contains
data from all types of ICUs within participating hospitals, including medical, surgical, mixed medical–surgical, coronary care units,
and other specialty ICUs. The APACHE IV dataset has been utilized
in several recent ICU outcomes studies.25–27
All patients admitted to an APACHE hospital ICU with the diagnosis of cardiac arrest from 2002 to 2005 were eligible for this
analysis. ICU admission diagnosis is determined by the admitting team in conjunction with the local APACHE data coordinator,
and represents the single diagnosis most responsible for the ICU
admission. We excluded patients less than 18 years of age, ICU
readmissions, and patients transferred into the ICU from outside
hospitals. Not all hospitals participated in APACHE for the entire
study period. To ensure that hospitals with short lengths of participation did not overly inﬂuence the analysis, we also excluded
hospitals with less than 12 cardiac arrest patients per year or less
than 20 cardiac arrest patients total.
Variables and risk adjustment
The primary outcome variable was in-hospital mortality. Clinical variables for risk adjustment included age, Glasgow Coma Scale
(GCS), whether or not the patient was mechanically ventilated,
and acute physiology score (APS), a composite severity of illness
measure strongly associated with in-hospital mortality.28 The APS
is recorded upon admission to the ICU and includes physiologic
variables such as temperature, mean arterial pressure, heart rate,
respiratory rate, oxygen delivery, pO2 , arterial pH, serum sodium,
serum potassium, serum creatinine, hematocrit, and white blood
cell count. Hospital-level variables included region of the country,
teaching status and annual case volume. Region was categorized by
state into northeast, south, midwest and west. Teaching status was
deﬁned by membership in the American Association of Medical
College’s Council of Teaching Hospitals (COTH) and was categorized into academic (residents in the ICU plus COTH member),
community with housestaff (residents in the ICU without COTH
membership), and community (no residents in the ICU). Hospital
case volume was deﬁned as the number of cardiac arrest patients
admitted to the ICU per year; hospital case volume was categorized
into natural cut-points based on the observed distribution.
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n = 39
10 (26)
13 (33)
26 (41)
384 [280–650]

Region
Northeast
Southeast
Midwest
West

3 (8)
17 (44)
8 (21)
11 (28)

Annual ICU admissions for cardiac arrest
Median [IQR]
Range

33 [19–48]
12–116

Hospital volume (cases/year)
<20
20–34
35–50
>50

12 (31)
11 (28)
8 (21)
8 (21)

ICU = intensive care unit; values are expressed as a frequency (%), median [interquartile range], or range.

Analysis
Patient and hospital characteristics are presented as frequency (percent), mean ± standard deviation, or median [range or
interquartile range], as appropriate. Multivariate logistic regression was used to determine factors independently associated with
in-hospital mortality and compare outcomes across hospitals as
described above. Generalized estimating equations with robust
Huber–White conﬁdence intervals were used to account for clustering by center.29 For all models, covariates and functional forms were
determined a priori based on each variable’s hypothesized relationship to the primary outcome (in-hospital mortality). To determine
factors associated with mortality, all covariates were retained in
the ﬁnal model. To compare outcomes between hospitals, only
patient-level covariates were included. Calibration and discrimination of this model were examined using the Hosmer–Lemeshow
test and the C statistic, respectively. Hospital-speciﬁc risk-adjusted
mortality was obtained from the regression results using conditional standardization based on mean and modal values of the
model covariates.30 All analyses were performed with Stata 9.2
(College Station, TX), and a two-tailed p-value of <0.05 was considered signiﬁcant. This research used a de-identiﬁed dataset and was
considered exempt from human subjects review by the University
of Pennsylvania Institutional Review Board.
Results
Study population
The initial dataset contained 5386 post-arrest patients in 57 hospitals. We excluded 215 patients in 18 very low volume hospitals,
resulting in 39 hospitals in the ﬁnal sample (Table 1). Just over half
of the hospitals were academic hospitals (26%) or community hospitals with housestaff (33%). Most hospitals were located in the
southeast (44%), west (28%), or midwest (21%). The median number of hospital beds at each facility was 384 (IQR 280–650), and the
median number of cardiac arrest admissions per hospital was 33
(range: 12–116).
Of 5171 remaining patients, 4674 patients met inclusion criteria. The average patient was aged 66 years, and just under half
(46.5%) were female. The average GCS on admission was 7 (3–15),
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Table 2
Patient characteristics.
Variable

Value (n = 4674)

Age
Female (%)
APACHE III score
Acute physiology score
GCS on admission

66 ± 15
46.5
94 ± 38
81.2 ± 37.0
7 [3–15]

Race (%)
White
Black
Hispanic
Asian
Other

64.0
16.8
5.0
2.0
12.4

Admission source (%)
Emergency department
Hospital ﬂoor
Direct admission
Other

44.7
44.7
7.0
3.6

ICU type (%)
Mixed
Cardiac
Medical
Surgical
Other

50
18.3
17.5
8.3
1.7

Requiring mechanical ventilation (%)

89.3

Hospital discharge location (%)
Home
Other hospital
Skilled nursing facility
Dead

23.2
5.7
14.0
57.1

APACHE = acute physiology and chronic health evaluation; GCS = Glasgow Coma
Scale; variables presented as percents, mean ± standard deviation, or frequency (%).
Figure 1. Frequency of in-hospital mortality among APACHE Hospitals: (a) unadjusted rates; (b) rates adjusted for age, severity of illness and ventilation status.

and the average APACHE score was 94 (±38). Equal percentages of
patients (44.7%) were admitted from the ED and from the hospital
ﬂoor. Most patients (89.3%) required mechanical ventilation. Overall in-hospital mortality was 56.8%. 23.2% of the population were
discharged home, and 14% were discharged to a skilled nursing
facility. Additional demographic data are detailed in Table 2.

Unadjusted analyses
Unadjusted mortality varied widely between hospitals
(Figure 1a). In-hospital mortality was similar for patients admitted
from the ED and from the hospital ﬂoor (56.8% vs. 56.2%, p = 0.26).
Median length of stay for all patients was 2.8 days. Patients who
died during the admission had a median length of ICU stay of less
than 2 days (1.6). ICU length of stay was signiﬁcantly longer for
survivors than nonsurvivors (3.8 days vs. 1.6 days; Table 3).

Adjusted analyses
The ﬁnal predictive model showed good discrimination (C statistic = 0.81) and calibration (p value for goodness of ﬁt test = 0.52).
Using the standardized adjusted mortality, inter-hospital variation
in mortality decreased somewhat but was still signiﬁcant, ranging
from 46% to 68% (Figure 1b). Patient-level factors associated with
in-hospital mortality included age (OR for every 10 year increase
1.16, 95% CI 1.11–1.22), acute physiology score (OR for every 10 point

Table 3
Unadjusted patient outcomes.
Variable

Value (n = 4670)

In-hospital mortality (%)
All patients
Admitted from ED
Admitted from other location

56.8
56.2
57.2

ICU length of stay (days)
All patients
Survivors
Non-survivors

2.8 [1.2–5.7]
3.8 [2.1–7.5]
1.6 [0.7–3.7]

ICU = intensive care unit; ED = emergency department; variables presented median
[interquartile range] or percents.

Figure 2. In-hospital mortality rate (mortality rates standardized by age, acute
physiology score, Glasgow Coma Scale on admission and ventilation status) vs.
annualized post-arrest volume: scatter plot of APACHE ICUs.
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Table 4
Results of the logistic regression model for in-hospital mortality for patients admitted to the ICU after cardiac arrest.
Variable

OR

95% CIs

p value

Age (per 10 units)
Acute physiology score (per 10 units)
GCS on ICU admission (per 1 point)

1.16
1.33
0.94

1.11–1.22
1.29–1.37
0.92–0.96

<0.001
<0.001
<0.001

Mechanical ventilation on ICU admission
Non-ventilated
Ventilated

1.00
1.85

–
1.34–2.54

–
<0.001

Admission source
Non-ED
ED

1.00
1.04

–
0.90–1.21

–
0.56

Region
South
Northeast
Midwest
West

1.00
1.24
0.76
0.81

0.70–2.19
0.57–1.02
0.56–1.18

0.45
0.07
0.27

Hospital teaching status
Academic
Community/teaching
Community

1.00
0.84
0.92

–
0.61–1.15
0.64–1.31

–
0.28
0.63

Hospital volume (cases/year)
<20
20–34
35–50
>50

1.00
0.78
0.71
0.62

–
0.55–1.11
0.45–1.11
0.45–0.86

–
0.16
0.13
0.01

GCS = Glasgow Coma Scale; ICU = intensive care unit; ED = emergency department;
OR = odds ratio; CI = conﬁdence interval. Odds ratios are adjusted for all listed variables; conﬁdence intervals and p values adjusted for clustering by center using
generalized estimating equations.

increase 1.33, 95% CI 1.29–1.37), and GCS on ICU admission (OR for
every point increase 0.94, 95% CI 0.92–0.96) (Table 4). The need
for mechanical ventilation on admission was also associated with
mortality (1.85, 95% CI 1.33–2.54).
Standardized mortality as a function of hospital volume is
demonstrated graphically in Figure 2. Increasing annual ICU case
volume was associated with lower hospital mortality, largely driven
by poor outcomes at some small hospitals. Relative to hospitals
that treated fewer than 20 cardiac arrest patients per year, a nonsigniﬁcant trend towards decreasing mortality was observed for
hospitals that treated 20–34 (OR 0.78, 95% CI 0.55–1.11), and 35–50
(OR 0.71, 95% CI 0.45–1.11) patients per year. Hospitals that treated
more than 50 cardiac arrest patients per year had a signiﬁcantly
lower mortality than hospitals that treated fewer than 20 patients
per year (OR 0.62, 95% CI 0.45–0.86). No association was observed
between in-hospital mortality and type of hospital (academic vs.
community with housestaff vs. community).
Discussion
We demonstrate inter-hospital variability in severity adjusted
post-cardiac arrest mortality in patients admitted to the ICU
after successful resuscitation from cardiac arrest. In addition, we
observed an inverse relationship between the volume of cardiac
arrest patients treated in the ICU and in-hospital mortality. These
ﬁndings are consistent with previous work that has demonstrated
wide variability in post-cardiac arrest mortality outside the US,22–24
and the relationship between experience (volume) and outcomes
in other critically ill patient populations.27,31–33
Increasingly, attention has focused on the importance of postcardiac arrest care on patient outcomes. Speciﬁc critical care
interventions, most notably induced hypothermia, have been
demonstrated to decrease mortality and morbidity,18–21 and are
recommended in current treatment guidelines.34 However, imple-
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mentation remains poor.35,36 Additional post-arrest therapies
that have been associated with improved outcome include early
percutaneous coronary intervention,20,37 fever prevention,38 and
glycemic control.39 Furthermore, premature withdrawal of care has
been implicated as a source of variable outcomes.16 This study is
the ﬁrst to demonstrate inter-ICU variability in severity adjusted
post-cardiac arrest mortality within the US health care system.
The variability in post-cardiac arrest mortality observed in our
study of US hospitals between 2002 and 2005 is similar to what has
been reported in a number of studies outside the US over the past
three decades. Enghdalle et al. reported in-hospital mortality of 56%
vs. 67% (p < 0.001) for patients admitted to two different Swedish
hospitals within the same EMS system between 1980 and 1996.23
Langdhalle et al. reported in-hospital mortality ranged from 44% to
66% for patients admitted to four Norwegian hospitals after out-ofhospital cardiac arrest between 1995 and 1999.8 It is interesting to
note that the hospital with the lowest in-hospital mortality rate in
this study had twice the patient volume of the other three hospitals.
Most recently, Herlitz et al. reported that 1-month mortality after
hospital admission following out-of-hospital cardiac arrest ranged
from 58% to 86% among 21 Swedish hospitals.22
Our analysis has several limitations. We use a large proprietary
database that provides detailed clinical information. This dataset
allows us to perform high-quality severity adjustment, but the
included hospitals uniformly have demonstrated a commitment to
quality assurance by participating in the APACHE clinical information system. If anything, this might serve to reduce inter-hospital
variation in outcome, making it more likely that the observed variation is real. While this may inﬂuence the overall survival in our
cohort, there is no reason to believe that bias of the included ICUs
would differ by volume of patients with cardiac arrest. An additional selection bias may exist in that we had no details about the
individual resuscitation or the organization of code teams within
hospitals.
A number of pre-arrest and intra-arrest variables known to be
associated with outcome were not controlled for due to limitations
of the data. Systematic difference in these variables could have contributed to outcome variability. However, we believe that we were
able to adequately adjust for case-mix using age, GCS, acute physiology score, and mechanical ventilation, all of which were found
to be independent predictors of mortality. In addition, we had no
access to procedures performed in the post-cardiac arrest period.
Therefore, we were unable to control for or investigate speciﬁc therapies associated with improved outcomes including therapeutic
hypothermia or cardiac catheterization. While these interventions
could potentially explain some of the variability between hospitals demonstrated in our analysis, the goal of our analysis was to
describe the variability that exists in outcomes and to demonstrate
the relationship between volume and outcome. The causal pathway for post-arrest mortality is complex and the contribution of
individual interventions to decrease mortality will need to be rigorously tested to explain the variability that we describe. Future
work should be directed at examining processes of care that might
explain the observed variation, such as therapeutic hypothermia
and other advances in critical care for these patients.
Our outcomes are limited to in-hospital mortality, length of
hospital stay, and hospital disposition. We could not differentiate
the effect of do not resuscitate orders on in-hospital mortality. It
is unknown if post-arrest management practices with respect to
withdrawing care differ by hospital type, ICU type, or region of the
country, and this is fertile ground for future research. Local and
regional discharge practices could also contribute to variability in
rates of in-hospital death. That is, post-arrest patients who die in
the hospital would have been identiﬁed in our analysis, but patients
who are transferred to inpatient or home hospice would not have
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been identiﬁed. This variability may be accounted for by insurance,
family resources, or other factors. Data were not available regarding long term outcomes and we cannot comment on the long-term
morbidity and mortality associated with cardiac arrest.
Conclusions
In-hospital mortality varies signiﬁcantly among patients admitted to US intensive care units after initial resuscitation from cardiac
arrest, and one potential source of outcome variability is patient
volume. These results suggest the need for additional research to
delineate best-practices and to optimize post-cardiac arrest care. If
variability in patient care is found to be causal, then development,
dissemination and implementation of comprehensive post-cardiac
arrest care guidelines should be considered. Furthermore, the
volume–outcome relationship supports development and prospective evaluation of regional post-arrest care centers.40
Conﬂict of interest
BGC & JK have no pertinent disclosures. RMM serves on the BLS
Subcommittee of the American Heart Association Emergency Cardiac Care Committee as a fellow. AAK is an employee of Cerner
Corporation and owns shares of Cerner stock. RWN serves on the
ACLS Subcommittee of the American Heart Association Emergency
Cardiac Care Committee.
References
1. Eisenberg MS, Mengert TJ. Cardiac resuscitation. N Engl J Med
2001;344:1304–13.
2. Rosamond W, Flegal K, Furie K, et al. Heart disease and stroke statistics—2008
update: a report from the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation 2008;117:e25–146.
3. Herlitz J, Bang A, Gunnarsson J, et al. Factors associated with survival to hospital
discharge among patients hospitalised alive after out of hospital cardiac arrest:
change in outcome over 20 years in the community of Goteborg, Sweden. Heart
2003;89:25–30.
4. Niskanen M, Reinikainen M, Kurola J. Outcome from intensive care after cardiac arrest: comparison between two patient samples treated in 1986–87 and
1999–2001 in Finnish ICUs. Acta Anaesthesiol Scand 2007;51:151–7.
5. Nichol G, Stiell IG, Laupacis A, Pham B, De Maio VJ, Wells GA. A cumulative metaanalysis of the effectiveness of deﬁbrillator-capable emergency medical services
for victims of out-of-hospital cardiac arrest. Ann Emerg Med 1999;34:517–25.
6. Sandroni C, Nolan J, Cavallaro F, Antonelli M. In-hospital cardiac arrest: incidence, prognosis and possible measures to improve survival. Intens Care Med
2007;33:237–45.
7. Juchems R, Wahlig G, Frese W. Inﬂuence of age on the survival rate of out-ofhospital and in-hospital resuscitation. Resuscitation 1993;26:23–9.
8. Langhelle A, Tyvold SS, Lexow K, Hapnes SA, Sunde K, Steen PA. In-hospital factors associated with improved outcome after out-of-hospital cardiac arrest. A
comparison between four regions in Norway. Resuscitation 2003;56:247–63.
9. Iwami T, Hiraide A, Nakanishi N, et al. Outcome and characteristics of out-ofhospital cardiac arrest according to location of arrest: a report from a large-scale,
population-based study in Osaka, Japan. Resuscitation 2006;69:221–8.
10. Eisenburger P, Sterz F, Haugk M, et al. Cardiac arrest in public locations—an
independent predictor for better outcome? Resuscitation 2006;70:395–403.
11. Vukmir RB. Survival from prehospital cardiac arrest is critically dependent upon
response time. Resuscitation 2006;69:229–34.
12. Finn JC, Jacobs IG, Holman CD, Oxer HF. Outcomes of out-of-hospital cardiac arrest patients in Perth, Western Australia, 1996–1999. Resuscitation
2001;51:247–55.
13. Holmberg M, Holmberg S, Herlitz J. Factors modifying the effect of bystander cardiopulmonary resuscitation on survival in out-of-hospital cardiac arrest patients
in Sweden. Eur Heart J 2001;22:511–9.

14. Nadkarni VM, Larkin GL, Peberdy MA, et al. First documented rhythm and clinical outcome from in-hospital cardiac arrest among children and adults. JAMA
2006;295:50–7.
15. Eisenberg MS, Copass MK, Hallstrom AP, et al. Treatment of out-of-hospital cardiac arrests with rapid deﬁbrillation by emergency medical technicians. N Engl
J Med 1980;302:1379–83.
16. Peberdy MA, Ornato JP. Post-resuscitation care: is it the missing link in the Chain
of Survival? Resuscitation 2005;64:135–7.
17. Adrie C, Laurent I, Monchi M, Cariou A, Dhainaou JF, Spaulding C. Postresuscitation disease after cardiac arrest: a sepsis-like syndrome? Curr Opin Crit Care
2004;10:208–12.
18. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors
of out-of-hospital cardiac arrest with induced hypothermia. N Engl J Med
2002;346:557–63.
19. Mild therapeutic hypothermia to improve the neurologic outcome after cardiac
arrest. N Engl J Med 2002;346:549–56.
20. Sunde K, Pytte M, Jacobsen D, et al. Implementation of a standardised treatment protocol for post resuscitation care after out-of-hospital cardiac arrest.
Resuscitation 2007;73:29–39.
21. Oddo M, Schaller MD, Feihl F, Ribordy V, Liaudet L. From evidence to clinical practice: effective implementation of therapeutic hypothermia to improve patient
outcome after cardiac arrest. Crit Care Med 2006;34:1865–73.
22. Herlitz J, Engdahl J, Svensson L, Angquist KA, Silfverstolpe J, Holmberg S. Major
differences in 1-month survival between hospitals in Sweden among initial
survivors of out-of-hospital cardiac arrest. Resuscitation 2006;70:404–9.
23. Engdahl J, Abrahamsson P, Bang A, Lindqvist J, Karlsson T, Herlitz J. Is hospital
care of major importance for outcome after out-of-hospital cardiac arrest? Experience acquired from patients with out-of-hospital cardiac arrest resuscitated by
the same Emergency Medical Service and admitted to one of two hospitals over
a 16-year period in the municipality of Goteborg. Resuscitation 2000;43:201–11.
24. Keenan SP, Dodek P, Martin C, Priestap F, Norena M, Wong H. Variation in length
of intensive care unit stay after cardiac arrest: where you are is as important as
who you are. Crit Care Med 2007;35:836–41.
25. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and Chronic
Health Evaluation (APACHE) IV: hospital mortality assessment for today’s critically ill patients. Crit Care Med 2006;34:1297–310.
26. Zimmerman JE, Kramer AA, McNair DS, Malila FM, Shaffer VL. Intensive care unit
length of stay: benchmarking based on Acute Physiology and Chronic Health
Evaluation (APACHE) IV. Crit Care Med 2006;34:2517–29.
27. Kahn JM, Goss CH, Heagerty PJ, Kramer AA, O’Brien CR, Rubenfeld GD. Hospital volume and the outcomes of mechanical ventilation. N Engl J Med
2006;355:41–50.
28. Knaus WA, Wagner DP, Draper EA, et al. The APACHE III prognostic system.
Risk prediction of hospital mortality for critically ill hospitalized adults. Chest
1991;100:1619–36.
29. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics 1986;42:121–30.
30. Altman DG. Practical statistics for medical research. London: Chapman & Hall;
1991.
31. Luft HS, Bunker JP, Enthoven AC. Should operations be regionalized? The
empirical relation between surgical volume and mortality. N Engl J Med
1979;301:1364–9.
32. Halm EA, Lee C, Chassin MR. Is volume related to outcome in health care? A
systematic review and methodologic critique of the literature. Ann Intern Med
2002;137:511–20.
33. Dudley RA, Johansen KL, Brand R, Rennie DJ, Milstein A. Selective referral to high-volume hospitals: estimating potentially avoidable deaths. JAMA
2000;283:1159–66.
34. Postresuscitation support, Circulation 2005;112:84–8.
35. 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;64:181–6.
36. Merchant RM, Soar J, Skrifvars MB, et al. Therapeutic hypothermia utilization among physicians after resuscitation from cardiac arrest. Crit Care Med
2006;34:1935–40.
37. Spaulding CM, Joly LM, Rosenberg A, et al. Immediate coronary angiography in
survivors of out-of-hospital cardiac arrest. N Engl J Med 1997;336:1629–33.
38. Zeiner A, Holzer M, Sterz F, et al. Hyperthermia after cardiac arrest is associated with an unfavorable neurologic outcome. Arch Intern Med 2001;161:2007–
12.
39. Oksanen T, Skrifvars MB, Varpula T, et al. Strict versus moderate glucose control
after resuscitation from ventricular ﬁbrillation. Intens Care Med 2007.
40. Lurie KG, Idris A, Holcomb JB. Level 1 cardiac arrest centers: learning from the
trauma surgeons. Acad Emerg Med 2005;12:79–80.

