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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 differ-
ential 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.
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Prospective studies should
arrest survival.

ntroduction

Overall survival after cardiac arrest is poor,1,2 and has remained
argely unchanged over time.3,4 Furthermore, despite international

fforts to develop and disseminate cardiac arrest treatment guide-
ines, significant outcome variability persists among individual
mergency medical service (EMS) systems and hospital. Reported
ates of survival to hospital discharge range from 1% to 31% after out-

� A Spanish translated version of the summary of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2008.09.001.
∗ Corresponding author at: University of Pennsylvania School of Medicine, 932
lockley Hall, 423 Guardian Drive, Philadelphia, PA 19104-6021,
nited States. Tel.: +1 215 573 3976; fax: +1 215 573 2265.
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tify hospital-level and patient care factors that contribute to post-cardiac

© 2008 Elsevier Ireland Ltd. All rights reserved.

f-hospital cardiac arrest2,5 and 0% to 42% after in-hospital cardiac
rrest.6 Although numerous pre-arrest,3,7,8 and intra-arrest9–15 fac-
ors contribute to this variability, much less is known about the
elative contribution of post-cardiac arrest care.

Post-cardiac arrest care is now recognized as a critical link in
he chain of survival.16,17 Therapeutic hypothermia and formal-
zed post-cardiac arrest treatment protocols decrease morbidity
nd mortality.18–21 However, substantial inter-hospital variability
n mortality of patients that achieve initial return of spontaneous
irculation (ROSC) has been reported.8,22 Mortality differences have
een associated with hospital-based factors as well as patient care

actors.23,24 Although likely to be a universal phenomenon, all of
hese data are from sites outside the United States (US).

The goal of this study was to examine within the US health care
ystem the variability in mortality of patients that achieve initial
OSC after cardiac arrest. Documenting inter-hospital variability of

http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2008.09.001
mailto:Brendan.Carr@uphs.upenn.edu
dx.doi.org/10.1016/j.resuscitation.2008.09.001
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Table 1
Hospital characteristics.

Characteristic n = 39

Teaching status
Academic 10 (26)
Community with housestaff 13 (33)
Community 26 (41)

Number of hospital beds 384 [280–650]

Region
Northeast 3 (8)
Southeast 17 (44)
Midwest 8 (21)
West 11 (28)

Annual ICU admissions for cardiac arrest
Median [IQR] 33 [19–48]
Range 12–116

Hospital volume (cases/year)
<20 12 (31)
20–34 11 (28)
35–50 8 (21)
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ost-cardiac arrest mortality is the first step in understanding the
ole of post-cardiac arrest care in the overall chain of survival. Ulti-
ately, identifying the sources of variability is essential to optimize

ost-cardiac arrest care. This study utilized a large clinical intensive
are unit (ICU) database to determine site-dependent variability in
djusted in-hospital mortality and the association between mor-
ality and hospital case volume.

ethods

tudy design and patients

We conducted a retrospective cohort study using the Acute
hysiology and Chronic Health Evaluation (APACHE) IV database
Cerner Corporation, Kansas City, MO). APACHE is an ICU clinical
nformation system used by participating hospitals within the US
or benchmarking and quality improvement.25 Patient demograph-
cs, admission source, primary admission diagnosis, and detailed
aboratory and physiologic variables are collected in the first 24 h
f ICU admission. Trained clinical coordinators supervised data
ollection at each site. Data quality is ensured with extensive on-
ite training, automated software that prevents implausible values,
nd data audits that occur regularly at both the local and central
evel. Hospitals participating in APACHE are diverse in size, owner-
hip, academic status and region of the country. APACHE contains
ata from all types of ICUs within participating hospitals, includ-

ng medical, surgical, mixed medical–surgical, coronary care units,
nd other specialty ICUs. The APACHE IV dataset has been utilized
n several recent ICU outcomes studies.25–27

All patients admitted to an APACHE hospital ICU with the diag-
osis of cardiac arrest from 2002 to 2005 were eligible for this
nalysis. ICU admission diagnosis is determined by the admit-
ing team in conjunction with the local APACHE data coordinator,
nd represents the single diagnosis most responsible for the ICU
dmission. We excluded patients less than 18 years of age, ICU
eadmissions, and patients transferred into the ICU from outside
ospitals. Not all hospitals participated in APACHE for the entire
tudy period. To ensure that hospitals with short lengths of par-
icipation did not overly influence the analysis, we also excluded
ospitals with less than 12 cardiac arrest patients per year or less
han 20 cardiac arrest patients total.

ariables and risk adjustment

The primary outcome variable was in-hospital mortality. Clini-
al variables for risk adjustment included age, Glasgow Coma Scale
GCS), whether or not the patient was mechanically ventilated,
nd acute physiology score (APS), a composite severity of illness
easure strongly associated with in-hospital mortality.28 The APS

s recorded upon admission to the ICU and includes physiologic
ariables such as temperature, mean arterial pressure, heart rate,
espiratory rate, oxygen delivery, pO2, arterial pH, serum sodium,
erum potassium, serum creatinine, hematocrit, and white blood
ell count. Hospital-level variables included region of the country,
eaching status and annual case volume. Region was categorized by
tate into northeast, south, midwest and west. Teaching status was
efined by membership in the American Association of Medical
ollege’s Council of Teaching Hospitals (COTH) and was catego-

ized into academic (residents in the ICU plus COTH member),
ommunity with housestaff (residents in the ICU without COTH
embership), and community (no residents in the ICU). Hospital

ase volume was defined as the number of cardiac arrest patients
dmitted to the ICU per year; hospital case volume was categorized
nto natural cut-points based on the observed distribution.

b
m
(

t
(

>50 8 (21)

CU = intensive care unit; values are expressed as a frequency (%), median [interquar-
ile range], or range.

nalysis

Patient and hospital characteristics are presented as fre-
uency (percent), mean ± standard deviation, or median [range or
nterquartile range], as appropriate. Multivariate logistic regres-
ion was used to determine factors independently associated with
n-hospital mortality and compare outcomes across hospitals as
escribed above. Generalized estimating equations with robust
uber–White confidence intervals were used to account for cluster-

ng by center.29 For all models, covariates and functional forms were
etermined a priori based on each variable’s hypothesized relation-
hip to the primary outcome (in-hospital mortality). To determine
actors associated with mortality, all covariates were retained in
he final model. To compare outcomes between hospitals, only
atient-level covariates were included. Calibration and discrimi-
ation of this model were examined using the Hosmer–Lemeshow
est and the C statistic, respectively. Hospital-specific risk-adjusted

ortality was obtained from the regression results using condi-
ional standardization based on mean and modal values of the

odel covariates.30 All analyses were performed with Stata 9.2
College Station, TX), and a two-tailed p-value of <0.05 was consid-
red significant. This research used a de-identified dataset and was
onsidered exempt from human subjects review by the University
f Pennsylvania Institutional Review Board.

esults

tudy population

The initial dataset contained 5386 post-arrest patients in 57 hos-
itals. We excluded 215 patients in 18 very low volume hospitals,
esulting in 39 hospitals in the final sample (Table 1). Just over half
f the hospitals were academic hospitals (26%) or community hos-
itals with housestaff (33%). Most hospitals were located in the
outheast (44%), west (28%), or midwest (21%). The median num-
er of hospital beds at each facility was 384 (IQR 280–650), and the

edian number of cardiac arrest admissions per hospital was 33

range: 12–116).
Of 5171 remaining patients, 4674 patients met inclusion cri-

eria. 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 66 ± 15
Female (%) 46.5
APACHE III score 94 ± 38
Acute physiology score 81.2 ± 37.0
GCS on admission 7 [3–15]

Race (%)
White 64.0
Black 16.8
Hispanic 5.0
Asian 2.0
Other 12.4

Admission source (%)
Emergency department 44.7
Hospital floor 44.7
Direct admission 7.0
Other 3.6

ICU type (%)
Mixed 50
Cardiac 18.3
Medical 17.5
Surgical 8.3
Other 1.7

Requiring mechanical ventilation (%) 89.3

Hospital discharge location (%)
Home 23.2
Other hospital 5.7
Skilled nursing facility 14.0
Dead 57.1
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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
PACHE = acute physiology and chronic health evaluation; GCS = Glasgow Coma
cale; variables presented as percents, mean ± standard deviation, or frequency (%).

nd the average APACHE score was 94 (±38). Equal percentages of
atients (44.7%) were admitted from the ED and from the hospital
oor. Most patients (89.3%) required mechanical ventilation. Over-
ll in-hospital mortality was 56.8%. 23.2% of the population were
ischarged home, and 14% were discharged to a skilled nursing

acility. Additional demographic data are detailed in Table 2.

nadjusted analyses

Unadjusted mortality varied widely between hospitals
Figure 1a). In-hospital mortality was similar for patients admitted
rom the ED and from the hospital floor (56.8% vs. 56.2%, p = 0.26).

edian length of stay for all patients was 2.8 days. Patients who

ied during the admission had a median length of ICU stay of less
han 2 days (1.6). ICU length of stay was significantly longer for
urvivors than nonsurvivors (3.8 days vs. 1.6 days; Table 3).

able 3
nadjusted patient outcomes.

ariable Value (n = 4670)

n-hospital mortality (%)
All patients 56.8

Admitted from ED 56.2
Admitted from other location 57.2

CU length of stay (days)
All patients 2.8 [1.2–5.7]

Survivors 3.8 [2.1–7.5]
Non-survivors 1.6 [0.7–3.7]

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

F
p
a

igure 1. Frequency of in-hospital mortality among APACHE Hospitals: (a) unad-
usted rates; (b) rates adjusted for age, severity of illness and ventilation status.

djusted analyses

The final predictive model showed good discrimination (C statis-
ic = 0.81) and calibration (p value for goodness of fit test = 0.52).
sing the standardized adjusted mortality, inter-hospital variation
igure 2. In-hospital mortality rate (mortality rates standardized by age, acute
hysiology score, Glasgow Coma Scale on admission and ventilation status) vs.
nnualized 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 admit-
ted to the ICU after cardiac arrest.

Variable OR 95% CIs p value

Age (per 10 units) 1.16 1.11–1.22 <0.001
Acute physiology score (per 10 units) 1.33 1.29–1.37 <0.001
GCS on ICU admission (per 1 point) 0.94 0.92–0.96 <0.001

Mechanical ventilation on ICU admission
Non-ventilated 1.00 – –
Ventilated 1.85 1.34–2.54 <0.001

Admission source
Non-ED 1.00 – –
ED 1.04 0.90–1.21 0.56

Region
South 1.00
Northeast 1.24 0.70–2.19 0.45
Midwest 0.76 0.57–1.02 0.07
West 0.81 0.56–1.18 0.27

Hospital teaching status
Academic 1.00 – –
Community/teaching 0.84 0.61–1.15 0.28
Community 0.92 0.64–1.31 0.63

Hospital volume (cases/year)
<20 1.00 – –
20–34 0.78 0.55–1.11 0.16
35–50 0.71 0.45–1.11 0.13
>50 0.62 0.45–0.86 0.01
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CS = Glasgow Coma Scale; ICU = intensive care unit; ED = emergency department;
R = odds ratio; CI = confidence interval. Odds ratios are adjusted for all listed vari-
bles; confidence intervals and p values adjusted for clustering by center using
eneralized estimating equations.

ncrease 1.33, 95% CI 1.29–1.37), and GCS on ICU admission (OR for
very point increase 0.94, 95% CI 0.92–0.96) (Table 4). The need
or mechanical ventilation on admission was also associated with

ortality (1.85, 95% CI 1.33–2.54).
Standardized mortality as a function of hospital volume is

emonstrated graphically in Figure 2. Increasing annual ICU case
olume was associated with lower hospital mortality, largely driven
y poor outcomes at some small hospitals. Relative to hospitals
hat treated fewer than 20 cardiac arrest patients per year, a non-
ignificant trend towards decreasing mortality was observed for
ospitals 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

ore than 50 cardiac arrest patients per year had a significantly
ower mortality than hospitals that treated fewer than 20 patients
er year (OR 0.62, 95% CI 0.45–0.86). No association was observed
etween in-hospital mortality and type of hospital (academic vs.
ommunity with housestaff vs. community).

iscussion

We demonstrate inter-hospital variability in severity adjusted
ost-cardiac arrest mortality in patients admitted to the ICU
fter successful resuscitation from cardiac arrest. In addition, we
bserved an inverse relationship between the volume of cardiac
rrest patients treated in the ICU and in-hospital mortality. These
ndings are consistent with previous work that has demonstrated
ide variability in post-cardiac arrest mortality outside the US,22–24

nd the relationship between experience (volume) and outcomes
n other critically ill patient populations.27,31–33
Increasingly, attention has focused on the importance of post-
ardiac arrest care on patient outcomes. Specific critical care
nterventions, most notably induced hypothermia, have been
emonstrated to decrease mortality and morbidity,18–21 and are
ecommended in current treatment guidelines.34 However, imple-
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entation remains poor.35,36 Additional post-arrest therapies
hat have been associated with improved outcome include early
ercutaneous coronary intervention,20,37 fever prevention,38 and
lycemic control.39 Furthermore, premature withdrawal of care has
een implicated as a source of variable outcomes.16 This study is
he first to demonstrate inter-ICU variability in severity adjusted
ost-cardiac arrest mortality within the US health care system.

The variability in post-cardiac arrest mortality observed in our
tudy of US hospitals between 2002 and 2005 is similar to what has
een reported in a number of studies outside the US over the past
hree decades. Enghdalle et al. reported in-hospital mortality of 56%
s. 67% (p < 0.001) for patients admitted to two different Swedish
ospitals within the same EMS system between 1980 and 1996.23

angdhalle et al. reported in-hospital mortality ranged from 44% to
6% for patients admitted to four Norwegian hospitals after out-of-
ospital cardiac arrest between 1995 and 1999.8 It is interesting to
ote that the hospital with the lowest in-hospital mortality rate in
his study had twice the patient volume of the other three hospitals.

ost recently, Herlitz et al. reported that 1-month mortality after
ospital admission following out-of-hospital cardiac arrest ranged

rom 58% to 86% among 21 Swedish hospitals.22

Our analysis has several limitations. We use a large proprietary
atabase that provides detailed clinical information. This dataset
llows us to perform high-quality severity adjustment, but the
ncluded hospitals uniformly have demonstrated a commitment to
uality assurance by participating in the APACHE clinical informa-
ion system. If anything, this might serve to reduce inter-hospital
ariation in outcome, making it more likely that the observed vari-
tion is real. While this may influence the overall survival in our
ohort, there is no reason to believe that bias of the included ICUs
ould differ by volume of patients with cardiac arrest. An addi-

ional selection bias may exist in that we had no details about the
ndividual resuscitation or the organization of code teams within
ospitals.

A number of pre-arrest and intra-arrest variables known to be
ssociated with outcome were not controlled for due to limitations
f the data. Systematic difference in these variables could have con-
ributed to outcome variability. However, we believe that we were
ble to adequately adjust for case-mix using age, GCS, acute phys-
ology score, and mechanical ventilation, all of which were found
o be independent predictors of mortality. In addition, we had no
ccess to procedures performed in the post-cardiac arrest period.
herefore, we were unable to control for or investigate specific ther-
pies associated with improved outcomes including therapeutic
ypothermia or cardiac catheterization. While these interventions
ould potentially explain some of the variability between hospi-
als demonstrated in our analysis, the goal of our analysis was to
escribe the variability that exists in outcomes and to demonstrate
he relationship between volume and outcome. The causal path-
ay for post-arrest mortality is complex and the contribution of

ndividual interventions to decrease mortality will need to be rig-
rously tested to explain the variability that we describe. Future
ork should be directed at examining processes of care that might

xplain the observed variation, such as therapeutic hypothermia
nd other advances in critical care for these patients.

Our outcomes are limited to in-hospital mortality, length of
ospital stay, and hospital disposition. We could not differentiate
he effect of do not resuscitate orders on in-hospital mortality. It
s unknown if post-arrest management practices with respect to

ithdrawing care differ by hospital type, ICU type, or region of the
ountry, and this is fertile ground for future research. Local and

egional discharge practices could also contribute to variability in
ates of in-hospital death. That is, post-arrest patients who die in
he hospital would have been identified in our analysis, but patients
ho are transferred to inpatient or home hospice would not have
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een identified. This variability may be accounted for by insurance,
amily resources, or other factors. Data were not available regard-
ng long term outcomes and we cannot comment on the long-term

orbidity and mortality associated with cardiac arrest.

onclusions

In-hospital mortality varies significantly among patients admit-
ed to US intensive care units after initial resuscitation from cardiac
rrest, and one potential source of outcome variability is patient
olume. These results suggest the need for additional research to
elineate best-practices and to optimize post-cardiac arrest care. If
ariability in patient care is found to be causal, then development,
issemination and implementation of comprehensive post-cardiac
rrest care guidelines should be considered. Furthermore, the
olume–outcome relationship supports development and prospec-
ive evaluation of regional post-arrest care centers.40
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