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Abstract

Context—National efforts to measure hospital performance for cardiac arrest have focused on

case survival, with the hope of improving survival after cardiac arrest. However, it is plausible that

hospitals with high case-survival rates do a poor job of preventing cardiac arrests in the first place.

Objective—To describe the association between inpatient cardiac arrest incidence and survival

rates.

Design, Setting, and Patients—Within a large, national registry, we identified hospitals with

at least 50 adult in-hospital cardiac arrest cases between January 1, 2000 and November 30, 2009.

We used multivariable hierarchical regression to evaluate the correlation between a hospital’s

cardiac arrest incidence rate and its case-survival rate after adjusting for patient and hospital

characteristics.

Main Outcome Measure—The correlation between a hospital’s incidence rate and case-

survival rate for cardiac arrest.

Results—Of 102,153 cases at 358 hospitals, the median hospital cardiac arrest incidence rate

was 4.02 per 1000 admissions (IQR: 2.95 to 5.65 per 1000 admissions), and the median hospital

case-survival rate was 18.8% (IQR: 14.5% to 22.6%). In crude analyses, hospitals with higher

case-survival rates also had lower cardiac arrest incidence (correlation of -0.16; P=0.003). This
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relationship persisted after adjusting for patient characteristics (correlation of -0.15; P=0.004).

After adjusting for potential mediators of this relationship (i.e., hospital characteristics), the

relationship between incidence and case-survival was attenuated (correlation of -0.07; P=0.18).

The one modifiable hospital factor that most attenuated this relationship was a hospital’s nurse-to-

bed ratio (correlation of -0.12; P=0.03).

Conclusions—Hospitals with exceptional rates of survival for in-hospital cardiac arrest are also

better at preventing cardiac arrests, even after adjusting for patient case-mix. This relationship is

partially mediated by measured hospital attributes. Performance measures focused on case-

survival rates appear to be an appropriate first step in quality measurement for in-hospital cardiac

arrest.

Introduction

Approximately 200,000 adults have hospitalizations complicated by a cardiac arrest

annually in the U.S.1 Since fewer than 20% survive to hospital discharge,2 most prior

studies have focused on identifying factors associated with improved in-hospital survival.3-9

However, this emphasis may not accurately reflect a hospital’s overall performance in

resuscitation outcomes, as it ignores the hospital’s cardiac arrest incidence rate.10

It is possible that hospitals with high case-survival rates (“high performers”) do a poor job of

preventing cardiac arrests, and therefore only appear to have better resuscitation outcomes

because more “lower-risk” patients have an arrest and are able to survive resuscitation

efforts.10 If this was the case, it would raise questions about current efforts by organizations

such as The Joint Commission to disseminate performance measures for in-hospital

resuscitation that focus only on case-survival rates. Alternatively, high-performing hospitals

may excel at both preventing and treating in-hospital cardiac arrest (i.e., low incidence and

high case-survival rates), or there may be no association between incidence and case-

survival rates.

To assess whether or not case-survival rates are effective at identifying high performing

hospitals, we examined the relationship between a hospital’s cardiac arrest incidence rate

and its case-survival rate, using data from a large, national in-hospital cardiac arrest registry.

In addition, we examined hospital factors that may mediate any relationship found between

incidence and case-survival rates for cardiac arrest.

Methods

Data Sources

We conducted our study within Get with the Guidelines (GWTG) – Resuscitation, formerly

known as the National Registry of Cardiopulmonary Resuscitation (NRCPR). GWTG-

Resuscitation is a large, prospective national registry of patients with in-hospital cardiac

arrest, and its design has been previously described.11 To summarize briefly, the registry

enrolls patients with a pulseless cardiac arrest, which is defined as the absence of a palpable

central pulse; apnea; and unresponsiveness in patients without do-not-resuscitate (DNR)

orders. Using standardized Utstein-style definitions,12,13 quality improvement personnel at

participating hospitals collect information on clinical characteristics and outcomes for
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consecutive patients with in-hospital cardiac arrest. Data accuracy is enhanced through

training of research staff, quality assurance activities such as routine data re-abstraction, and

standard software that flags outlier values and incomplete data. GWTG-Resuscitation also

provides information on hospital characteristics and cardiac arrest incidence, as the registry

data has been linked with data from the American Hospital Association.

Study Population

Between January 1, 2000 and November 30, 2009, we identified 111,634 patients 18 years

of age or older at 566 hospitals with an index in-hospital cardiac arrest (Figure 1). Since we

were interested in looking at the relationship between a hospital’s cardiac arrest incidence

rate and case-survival rate, we excluded 4,731 patients from 37 hospitals with missing

information on cardiac arrest incidence and 133 patients with missing data on survival to

discharge. We also excluded two hospitals with 1,134 patients during the entire study

period, because these hospitals lacked data on hospital characteristics. To ensure that each

hospital had sufficient case volume, we restricted our analyses to those hospitals with at

least 50 cardiac arrest cases during the study period (3,362 patients from 168 hospitals

excluded). Finally, we excluded 121 patients from 1 hospital with an extreme outlier cardiac

arrest incidence rate (17 times the standard deviation). Our final study sample comprised

102,153 adults with an in-hospital cardiac arrest at 358 hospitals.

Study Outcomes

Our outcome of interest was the correlation between a hospital’s incidence rate and case-

survival rate for cardiac arrest. The hospital’s case-survival rate was determined by dividing

the number of patients with in-hospital cardiac arrest who survived to hospital discharge by

the number of patients with an arrest. The incidence rate for cardiac arrest at each hospital

was determined by dividing the number of arrest cases by the number of total hospital

admissions (expressed as cases per 1000 admissions) during the hospital’s period of

participation in the registry. This latter variable was obtained by linking hospitals within

GWTG-Resuscitation with data from the American Hospital Association, which provides

the total number of admissions annually at each hospital. If a hospital participated for only

part of the year (e.g., enrollment year), the total number of admissions was prorated by the

hospital’s length of participation within GWTG-Resuscitation for that year.

Study Variables

A number of patient- and hospital-level factors were collected for this study. Patient factors

within GWTG-Resuscitation included age; race (white, black, other); sex; initial cardiac

arrest rhythm (asystole, pulseless electrical activity, ventricular fibrillation, pulseless

ventricular tachycardia); year of admission; location of arrest (intensive care unit, monitored

unit, non-monitored unit, emergency department, other); and time of arrest (night vs. day;

weekend vs. weekday).8 In addition, the registry collected information on the presence or

absence of the following conditions within 24 hours of the cardiac arrest: heart failure;

myocardial infarction or ischemia; arrhythmia; hypotension; renal, hepatic or respiratory

insufficiency; diabetes mellitus; metabolic or electrolyte abnormality; acute central nervous

system event (stroke or other); pneumonia; septicemia; major trauma; and malignancy.
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Information on several hospital factors were also obtained from the American Hospital

Association. These included a hospital’s teaching status (major, minor, non-teaching),

ownership (non-profit, public, private), location (urban vs. rural), geographic region (North

and Mid-Atlantic, South and Atlantic, North Central, South Central, Mountain/Pacific),

certification status as a trauma center, and number of beds (<200, 200-349, 350-499, 500+),

as well as the ratio of full-time-equivalent registered nurses to beds at the hospital. Finally

we also obtained information on a hospital’s case mix index - a composite measure of

patients’ illness severity for all Medicare discharges (not simply those with an inpatient

cardiac arrest) - from the Centers for Medicare and Medicaid Services (CMS).14

Statistical Analyses

To describe patient and hospital characteristics, we categorized the study sample by hospital

quintiles of cardiac arrest incidence. Trends across hospital quintiles for continuous

variables were examined using the linear trend test, and for categorical variables using the

Mantel-Haenszel trend test.

We then examined the correlation between a hospital’s incidence rate and case-survival rate

for cardiac arrest with sequential multivariable models. First, the correlation between a

hospital’s unadjusted incidence rate and its unadjusted case-survival rate was examined

using ordinary linear models.

Next, we examined the correlation between a hospital’s risk-adjusted incidence rate and

risk-adjusted case-survival rate, after adjusting for patient factors only. This analysis is the

main analysis for this study. To complete this analysis, both hospital rates were risk-adjusted

for differences in patient case-mix across hospitals. To determine risk-adjusted incidence

rates, we first estimated predicted incidence rates using a random effects logistic model for

incidence rates. In this model, we adjusted for a hospital’s CMS case mix index, allowing us

to control for differences in illness severity for all admitted patients among hospitals. For

each hospital, we then calculated risk-adjusted incidence rates as follows: ([predicted

incidence rate at the hospital /expected incidence rate for the same hospital)*average

unadjusted incidence rate for our entire hospital sample. This approach is the same as that

taken to calculate risk-adjusted case-survival rates (see below), leading to shrinkage of

incidence rate estimates toward the global mean for hospitals with fewer patients.

Risk-adjusted cardiac arrest case-survival rates at hospitals were estimated using

multivariable hierarchical logistic regression models, with survival to discharge as the

dependent variable. We employed 2-level hierarchical models to adjust for clustering of

outcomes within hospitals, with individual hospitals modeled as random effects and patient

characteristics (collected by GWTG-Resuscitation and described in the Study Variables

section) modeled as fixed effects within each hospital.15 From the multivariable model, we

used hospital-specific random slope coefficients to calculate risk-adjusted case-survival rates

as follows: (predicted case-survival rate at a hospital/expected case-survival rate at the same

hospital)*average case-survival rate at all hospitals in our sample. This model is similar to

one that has been used by others to calculate risk-standardized mortality rates for other

conditions.16
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If a significant correlation was found between a hospital’s cardiac arrest incidence rate and

case-survival rate even after adjusting for patient case-mix, we determined a priori to

conduct a mediation analysis to assess whether certain hospital factors accounted for this

relationship. This was evaluated by examining the correlation between a hospital’s incidence

rate and case-survival rate after additionally adjusting for hospital factors (described in the

Study Variables section) in our regression models for hospital incidence and case-survival

rates. We then systematically adjusted for all patient factors and each hospital factor

individually in our final models to assess whether any single hospital factor accounted for a

substantial proportion of the correlation between these 2 hospital rates (i.e., led to a

significant attenuation of any observed correlations).

Overall, missing data rates were low. At least one covariate was missing for 8.1% of the

patients, and two covariates were missing for 0.2% of patients. The most common variables

with missing data were race (6.9%) and nighttime arrest (1.2%). These data were assumed to

be missing at random and were imputed using IVEware software.17 Five imputed data sets

were generated and were pooled for the imputed results. Results with and without

imputation were not meaningfully different, so only the former are presented. Finally, we

repeated the correlation analyses above using restricted cubic splines and found no evidence

for a non-linear relationship in our models (p-value of 0.55 in the model adjusted for patient

factors, and 0.90 in the model adjusted for patient and hospital factors).

All statistical analyses were conducted using SAS Version 9.1.3 (SAS Institute, Cary, NC),

IVEware (University of Michigan, MI), and R Version 2.6.0 (Free Software Foundation,

Boston, MA). All tests for statistical significance were 2-tailed and were evaluated at a

significance level of 0.05. The Institutional Review Board at the Mid-America Heart

Institute waived the requirement for informed consent, as the study used de-identified data.

Outcome Sciences, Inc. serves as the data collection (through their Patient Management

Tool – PMT) and coordination center for GWTG-Resuscitation. The University of

Pennsylvania serves as the data analytic center and prepared the data for research purposes.

All analyses for this study were performed at the Mid-America Heart Institute.

Results

Among 102,153 patients with an in-hospital cardiac arrest, the overall case-survival rate was

19.2%. At the patient level, the overall cardiac arrest incidence rate was 4.54 per 1000

admissions.

Across the 358 hospitals, the median cardiac arrest incidence rate across the hospitals was

4.02 per 1000 admissions (interquartile range [IQR]: 2.95 to 5.65 per 1000 admissions;

range, 0.90 to 18.4 per 1000 admissions) (Figure 2A). Patient and event characteristics

differed across hospital quintiles of incidence rates (Tables 1A and 1B). Compared with

patients at hospitals with the highest cardiac arrest incidence rates, patients at hospitals with

lower incidence rates were more likely to be white, and have an initial rhythm of ventricular

fibrillation or pulseless ventricular tachycardia. Moreover, patients at hospitals with lower

incidence rates were less likely to have certain conditions, such as renal insufficiency,
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hepatic insufficiency, and respiratory insufficiency. Table 1C describes the characteristics of

hospitals, stratified by hospital quintile of incidence rates. Compared with hospitals in the

lowest quintile of cardiac arrest incidence, hospitals in the highest quintile were more likely

to be non-profit, have higher nurse-to-bed ratios, and possess a larger number of beds.

Association between Hospital Rates of Cardiac Arrest Incidence and Survival

The median cardiac arrest case-survival rate was 18.8% (IQR: 14.5% to 22.6%; range, 2.5%

to 46.9%) (Figure 2B). In unadjusted analysis, there was a significant negative correlation

between a hospital’s case-survival rate and incidence rate (correlation of -0.16, P=0.003)

(Figure 3A). This suggests that hospitals with high case-survival rates for in-hospital cardiac

arrest also had lower cardiac arrest incidence rates, and hospitals with low case-survival

rates had higher cardiac arrest incidence rates. Notably, the negative correlation between

these 2 rates was minimally changed after adjusting for differences in patient case-mix

(correlation of -0.15, P=0.004) (Figure 3B). In sensitivity analyses excluding three outliers

with a crude incidence rate of >15 per 1000 admissions, our results were similar (correlation

of -0.15, P=0.005).

Finally, we examined whether hospital factors mediated the relationship between a

hospital’s cardiac arrest incidence and case-survival rate. Adjustment for hospital and

patient characteristics led to a significant attenuation of the relationship between these two

rates (correlation of -0.07, P=0.18) (Figure 4). This suggests that the correlation between

cardiac arrest incidence and case-survival was partly attributable to the hospital factors in

the model. In sensitivity analyses excluding three outliers with a crude incidence rate of >15

per 1000 admissions, our results were similar (correlation of -0.08, P=0.13). In further

exploratory analyses, each hospital factor led to some attenuation of the relationship

between a hospital’s cardiac arrest case-survival and incidence rates (Table 2). The largest

attenuation (i.e., the greatest shift in the correlation estimate from a negative to a positive

direction) occurred after adjusting solely for geographical region or a hospital’s nurse-to-bed

ratio.

Comment

As the country works to increase its ability to measure and distinguish hospitals on the basis

of quality, cardiac arrest survival has emerged as a potential performance measure.

However, it is important to ensure that this measure does not “reward” hospitals that do a

poorer job of preventing cardiac arrests, thus artificially appearing to have higher survival

rates. In a large national registry of in-hospital cardiac arrest, we found substantial variation

in rates of cardiac arrest incidence and case-survival across hospitals. There was a sizable

negative correlation between a hospital’s incidence and case-survival rates for cardiac arrest,

suggesting that hospitals that have higher survival rates after cardiac arrest also have lower

cardiac arrest incidence rates. This correlation persisted after adjustment for patient factors.

These findings suggest that cardiac arrest case-survival rates are not confounded by

incidence rates, as a positive correlation between the two was not observed; therefore, a

focus on comparing case-survival rates across similar hospitals would be a useful hospital

quality performance measure. Furthermore, we found that additional adjustment for certain

hospital factors significantly attenuated the negative correlation between incidence and case-
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survival, thereby suggesting that these hospital factors may, in part, mediate (and explain)

why some hospitals are better at both preventing and treating in-hospital cardiac arrest.

Most prior studies of in-hospital cardiac arrest have examined case-survival and incidence

rates independently of one another. For instance, prior work has found that case-survival

rates differ by time of arrest (i.e., nights or weekends),8 arrest location, initial cardiac arrest

rhythm,9,18 time to defibrillation,4 and processes of care during acute resuscitation (e.g.,

delays in medication administration).7,19 Others have reported that hospitals with urban

locations, a higher proportion of black patients, and fewer hospital beds have higher rates of

cardiac arrest incidence.20

Together, the hospital factors we examined appeared, in part, to mediate the relationship

between a hospital’s incidence and case-survival rate for cardiac arrest. For example, the

correlation between incidence and case-survival decreased by one-quarter when comparing

hospitals with similar nurse staffing. This suggests that care in certain types of hospitals (e.g.

hospitals with higher nurse staffing) may be associated with both decreased cardiac arrest

incidence and improved survival to discharge. In fact, prior studies have demonstrated an

association between registered nurse staffing and lower rates of mortality and adverse

events.21 Additional studies are needed to understand whether or not a causal relationship

exists between nurse staffing and cardiac arrest outcomes, and to identify other modifiable

factors that may mediate the relationship between hospital rates of case-survival and cardiac

arrest incidence.

It is important to acknowledge that the overarching goal of many clinicians and

policymakers is to reduce the mortality rate from in-hospital cardiac arrest for all hospital

admissions – a goal that can be achieved either by lowering the incidence rate, increasing

case survival, or both. However, given limited resources for measurement development and

collection, as well as inherent difficulties in capturing the true case mix for all hospital

admissions (the denominator for cardiac arrest incidence), we believe our results support the

pragmatic approach already taken by others to focus on case-survival as an initial measure

of hospital performance for in-hospital cardiac arrest. Future efforts to identify factors that

distinguish high-performing hospitals from low-performing hospitals would benefit from

examining the relationship of hospital factors to both cardiac arrest incidence and case-

survival.

Our study had several potential limitations. First, although we were able to adjust for a

number of patient and hospital factors, the possibility of unmeasured confounding in our use

of registry data exists. Second, our sample was restricted to hospitals that participated in

GWTG-Resuscitation; therefore, our findings may not be generalizable to all hospitals.

Third, we were able to examine only a handful of hospital factors, and we did not have

specific information on nurse and physician staff experience and training, nor on quality

improvement resuscitation programs implemented by a hospital (e.g., mock codes,

debriefing after codes, rapid response teams, increased use of telemetry, and remote

intensive care unit monitoring, etc.). Finally, our data lacked information about variation in

hospital practices concerning end-of-life care. In particular, some hospitals may be more

aggressive about obtaining DNR orders for patients with a poor prognosis. These hospitals
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may have lower incidence rates and higher case-survival rates than their peers. Furthermore,

while we excluded patients with DNR orders from the numerator for cardiac arrest incidence

rate, we did not have data to exclude all patients with DNR orders from the denominator for

our incidence rate. Thus, we may have overestimated the correlation between unadjusted

incidence and case-survival.

In summary, we found that a significant negative correlation exists between a hospital’s

incidence and case-survival rates for in-hospital cardiac arrest. Hospitals that excelled at

preventing cardiac arrests also had higher survival rates for cardiac arrest cases, and this

correlation persisted after adjustment of patient case mix. We found evidence that certain

hospital factors, in part, mediated this relationship, but only one of the factors we examined

—a hospital’s nurse-to-bed ratio — is potentially quickly modifiable. Future studies are

needed to determine which hospital factors are surrogate markers of a hospital’s

resuscitation performance and which may lead to improvements in cardiac arrest incidence

and case-survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study cohort
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Figure 2.
A. Distribution of unadjusted hospital rates of cardiac arrest incidence

B. Distribution of unadjusted hospital rates of in-hospital case-survival
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Figure 3.
A. Correlation between unadjusted hospital rates of cardiac arrest incidence and case-

survival

B. Correlation between hospital rates of cardiac arrest incidence and case-survival, adjusted

for patient factors only

Incidence is adjusted for the CMS case mix index for hospital admissions, and case-survival

is adjusted for patient factors (i.e., age, gender, race/ethnicity, pre-existing conditions),

including event characteristics (i.e., initial arrest rhythm, year of admission, night vs. day,

weekend vs. weekday).
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Figure 4. Mediation analysis of hospital factors which may account for the correlation between
hospital rates of cardiac arrest incidence and case-survival
Regression models were adjusted for both patient and hospital factors to determine if certain

hospital factors may, in part, mediate this relationship. Incidence is adjusted for the CMS

case mix index for hospital admissions and hospital factors (i.e., teaching status, ownership,

geographical region, urban vs. rural, full-time equivalent nurse ratio, number of beds,

certification as a trauma center). Case-survival is adjusted for case mix index, patient

factors, and the hospital factors described above.
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Table 2

Mediation analysis of hospital factors which may account for the correlation between hospital rates of cardiac

arrest incidence and case-survival

Adjusted Models Correlation P-value

No Adjustment Factors -0.16 0.003

Patient Case-Mix -0.15 0.004

Mediation Analysis Correlation P-value

Patient Case-Mix and All Hospital Factors Together -0.07 0.18

Patient Case-Mix and All Hospital Factors One-by-One

 Urban vs. rural -0.15 0.004

 Teaching status -0.15 0.004

 Hospital beds -0.15 0.004

 Trauma center -0.14 0.01

 Ownership -0.13 0.01

 Nurse-to-bed ratio -0.12 0.02

 Region -0.12 0.03
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