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Abstract

Background: Although rapid response teams have been widely promoted as a strategy to reduce
unexpected hospital deaths, most studies of rapid response teams have not adjusted for secular
trends in mortality prior to their implementation. We examined whether implementation of a
rapid response team was associated with a reduction in hospital mortality after accounting for
pre-implementation mortality trends.

Methods: Among 56 hospitals in Get With The Guidelines® (GWTG) -Resuscitation linked
to Medicare, we calculated annual rates of case-mix adjusted mortality for each hospital during
2000-2014. We constructed a hierarchical log-binomial regression model of mortality over time
(calendar-year), incorporating terms to capture the effect of rapid response teams, to determine
whether implementation of rapid response teams was associated with reduction in hospital
mortality that was larger-than-expected based on pre-implementation trends, while adjusting for
hospital case-mix index.

Results: The median annual number of Medicare admissions was 5214 (range: 408-18,398).
The median duration of pre-implementation and post-implementation period was 7.6 years (~2.5

Corresponding Author: Saket Girotra MD, SM, Associate Professor of Medicine, Division of Cardiovascular Medicine, Department
of Internal Medicine, University of Texas Southwestern Medical Center, 5323 Harry Hines Blvd., Suite E5.723, Dallas, TX 75390, Ph:
319-384-7382, Saket.Girotra@UTSouthwestern.edu.

Conflicts of Interest
None

Disclosures:

Dr. Girotra and Dr. Chan have received funding support from the American Heart Association, which currently funds the GWTG-
Resuscitation registry. These contents are solely the responsibility of the authors and do not necessarily reflect the views of the
American Heart Association, or the Department of Veterans Affairs. None of the other authors have anything to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Girotra et al. Page 2

million admissions) and 7.2 years (~2.6 million admissions), respectively. Hospital mortality was
decreasing by 2.7% annually during the pre-implementation period. Implementation of rapid
response teams was not associated with a change in mortality during the initial year (RR for
model intercept: 0.98; 95% CI 0.94-1.02; £=0.30) or in the mortality trend (RR for model

slope: 1.01 per-year; 95% CI 0.99-1.02; P=0.30). Among individual hospitals, implementation of
a rapid response team was associated with a lower-than-expected mortality at only 4 (7.1%) and
higher-than-expected mortality at 2 (3.7%) hospitals.

Conclusion: Among a large and diverse sample of U.S. hospitals, we did not find
implementation of rapid response teams to be associated with reduction in hospital mortality.
Studies are needed to understand best practices for rapid response team implementation, to ensure
that hospital investment in these teams improves patient outcomes.
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Introduction

In response to the “100,000 Lives Campaign” by the Institute of Healthcare Improvement
in 2004,1 many hospitals implemented rapid response teams over the past two decades
with the goal of preventing unexpected deaths in hospitalized patients. The foundation

of rapid response teams was that prompt evaluation and intervention in patients who
experience acute clinical deterioration in hospital wards by a team with critical care
expertise could theoretically rescue patients, prevent unexpected deaths, and lower overall
hospital mortality.2 However, evidence to support the effectiveness of rapid response teams
remains uncertain.

To date, there has been only one randomized controlled trial of rapid response teams. The
MERIT trial included 125,132 patients at 23 hospitals in Australia and found no difference
in a composite endpoint of unexpected death, cardiac arrest or unplanned ICU admission

in hospitals randomized to implement a rapid response team.2 However, the overall effect

in the trial may have been attenuated because cardiac arrest (‘code blue’) teams at control
hospitals started to function as rapid response teams during the study. While a recent
meta-analysis found that rapid response teams were associated with lower hospital mortality,
in aggregate,” large heterogeneity was present. Among individual studies, some found that
rapid response teams were associated with a decrease in hospital mortality while others did
not.>~9 Importantly, these studies had several methodological limitations. First, most positive
studies of rapid response teams compared pre-intervention vs. post-intervention outcomes
without accounting for secular trends. As in-hospital mortality has steadily declined at U.S.
hospitals over the past decade,19 lack of adjustment for pre-intervention mortality trends
may have biased their findings in favor of rapid response teams. Second, a vast majority of
prior studies of rapid response teams were conducted in single centers with a short follow-up
period and may not be broadly generalizable.

To overcome limitations of prior observational studies of rapid response teams, we evaluated
the association between implementation of a rapid response team and hospital mortality
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in a diverse group of 56 hospitals participating in the Get With The Guidelines® (GWTG)-
Resuscitation registry, using a hierarchical log-binomial regression model of mortality over
time to explicitly account for pre-implementation trends in hospital mortality.

The authors are unable to make the data, methods used in the analysis, and materials used
to conduct the research available to any researcher for purposes of reproducing the results or
replicating the procedure.

Study Design, Setting & Data Sources

Our study was conducted using three data sources. The first is GWTG-Resuscitation - a
large, prospective, multisite registry of in-hospital cardiac arrest in the United States that is
provided by the American Heart Association.10 In 2015, we assisted GWTG-Resuscitation
to conduct a hospital survey to obtain information on the year of implementation of a rapid
response team at each participating hospital. This data point was used to determine the
onset of exposure to a rapid response team at each hospital. The second data source was
Center for Medicare and Medicaid (CMS) Part A files which includes hospitalization data
on all Medicare beneficiaries including the annual number of deaths and admissions in
Medicare patients at each hospital, which was then used to calculate hospital mortality rates
among Medicare beneficiaries. The third data source was annual hospital case-mix index
files, which represent a global measure of complexity of admitted patients for a hospital
during a given year. These data are publicly available on the CMS website and were used

to calculate annual risk-adjusted hospital mortality rates to account for differences in patient
case-mix within and across hospitals over time. The study is reported in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines.1!

Hospital Mortality in Medicare Patients

For this study, we used 2000-2014 Medicare Part A data which includes data on all
admissions among Medicare beneficiaries in the U.S. We excluded Medicare patients
younger than 65 years, and hospitalizations at skilled nursing or rehabilitation facilities

to focus our study on acute care admissions. Next, we calculated each hospital’s annual
mortality rate as the total number of in-hospital deaths during a given year divided by the
total number of admissions during that year. To account for between-hospital differences

in case-mix, hospital mortality rates were risk-adjusted for its annual case-mix index using
random effects logistic regression models.12 Thus, we created a hospital-level dataset that
included each hospital’s unique CMS identifier, annual number of admissions, annual
number of deaths, annual unadjusted mortality rate, and annual case-mix adjusted mortality
rate for each year during 2000 to 2014. This dataset encompassed all acute care hospitals in
the United States.

Data Linkage

This hospital-level dataset with annual data on hospital mortality was then linked with
GWTG-Resuscitation data by their data analytic center at University of Pennsylvania using
a master file that includes a crosswalk between hospital identifiers in the CMS data and
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GWTG-Resuscitation. Upon completion of the data linkage, a de-identified dataset which
only included the GWTG-Resuscitation hospital identifier was provided to our study team
for analysis to ensure that the authors remained blinded to the identity of the hospitals.

Study Cohort

Among 89 GWTG-Resuscitation hospitals that provided the start date for rapid response
team implementation at their site, 18 hospitals had a start date prior to 2002 (n=16), or after
2012 (n=2). Because we had hospital mortality data from 2000-2014, these hospitals were
excluded as they lacked a minimum of 2 years of either pre-intervention or post-intervention
follow-up to adequately assess the effect of rapid response team implementation. Of the
remaining 71 hospitals, 56 (78.9%) hospitals were successfully linked to CMS hospital-level
data. The 15 hospitals without successful linkage did not have a CMS hospital identifier or
had an inaccurate identifier that did not provide an exact match to Medicare files.

Study Outcomes & Variables

The primary outcome was risk-adjusted hospital mortality following implementation of

a rapid response team at a hospital. Hospital mortality rates were expressed as per-100
admissions, calculated for each year during 2000 to 2014, and adjusted for case-mix index.
Hospital variables included census region, number of beds, academic status, urban or rural
location, and total number of Medicare admissions.

Statistical Analysis

We used summary statistics to describe characteristics of participating hospitals. Next, we
evaluated the association of rapid response team implementation with hospital mortality.
Most prior studies have performed aggregate comparison of mortality before and after a
rapid response team and did not account for secular trends in decreasing hospital mortality
from other interventions during that period. To address this limitation, we fit a hierarchical
log-binomial regression model of mortality over time, incorporating terms to capture the
effect of rapid response teams. The effect of calendar time was modeled using restricted
cubic splines to allow for nonlinear trends (knots were positioned at 2009, 2011 and 2012,
selected based on Akaike Information Criterion (AIC)). Furthermore, two additional terms
were included to capture the “deflecting” effects of rapid response team on the time trend for
each hospital, both at the time of initiation (“instantaneous effect”) and a linear effect over
time (“slope effect”). All effects were modeled at the hospital level using random effects,
from which population average parameters (fixed effects) were obtained, summarizing the
average pre-implementation mortality trends and the average per-year effect of the rapid
response team on hospital mortality.

Besides estimating an overall association across the 56 hospitals, we also examined whether
rapid response team implementation was associated with a reduction in mortality at any
individual hospital by examining the slope and intercept individually at each hospital from
the hierarchical model above. We conducted a joint statistical test to determine whether
each hospital’s post-implementation intercept or slope was significantly different compared
to the pre-implementation trend. In this way, we examined how often implementation of a
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rapid response team was associated with significantly lower or higher than expected hospital
mortality based on pre-implementation trends.

The study was reviewed by the Institutional Review Board at Mid America Heart Institute
which waived the requirement for informed consent because the study used deidentified
data. All analyses were conducted using SAS version 9.4 (SAS Institute Inc).

A total of 56 hospitals were included in our study. Hospital characteristics are summarized
in Table 1. Study hospitals were distributed across all five U.S. census regions. Nearly a
third of hospitals had =500 beds (31%), 58% were teaching hospitals, and 91% hospitals
were located in an urban area. Over the study period, the median number of hospital
admissions each year was 5214 (range: 408-18,398).

The date of implementation of each hospital’s rapid response team was distributed across the
study period, with 25 (44.6%) implemented between 2003-2006, 15 (26.8%) between 2007-
2009, and 16 (28.6%) between 2009-2012. The median duration of the pre-implementation
period was 7.6 years (range: 3.5-12.0) among the 56 hospitals comprising approximately 2.5
million hospitalizations, and the median duration of the post-implementation period was 7.2
years (range: 3.0-11.5) comprising approximately 2.6 million hospitalizations.

of Rapid Response Team Implementation with Hospital Mortality

Before study hospitals implemented their rapid response team, hospital mortality was
decreasing by 2.7% per-year (Figure 1). After accounting for secular trends in hospital
mortality in hierarchical regression, implementation of a rapid response team was not
significantly associated with a change in expected mortality during the initial year of
implementation (relative risk [RR] for change in mortality intercept: 0.98, 95% CI: 0.94—
1.02, £=0.30, Table 2). There was also no significant association between rapid response
team implementation and change in hospital mortality over the post-implementation period
(RR per year post-initiation = 1.01, 95% CI: 0.99-1.02, £=0.30, Table 2). The association
between rapid response team implementation and mortality slope at each year during the
post-implementation period is also summarized in Table 2, which shows that hospital
mortality was not lower than expected at any time point. Lastly, the joint statistical test for a
global difference in mortality and slope after rapid response team implementation across the
56 hospitals was not significant (P=0.36).

Figure 2 shows the trends in mortality for each of the 56 study hospitals in relation to

their respective year of rapid response team implementation. Consistent with the overall
findings, rapid response team implementation was not associated with a change in expected
mortality at 50 of the 56 (89.3%) hospitals. At 4 (7.1%) hospitals, implementation of a
rapid response team was associated with significantly lower than expected mortality based
on pre-implementation trends (panels labelled with a green diamond), whereas 2 (3.6%)
hospitals had higher than expected mortality (panels labelled with a red diamond). The
model estimates for these 6 hospitals are summarized in Table 3. Of the 4 hospitals with
lower-than-expected hospital mortality, all had lower than expected mortality in the year
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after rapid response team implementation (i.e., a lower model intercept) and 1 also had a
sustained year-over-year decrease in hospital mortality than expected (RR of mortality slope:
0.93 [95% CI: 0.89, 0.96]). Of the 2 hospitals with higher-than-expected hospital mortality,
both hospitals had a higher-than-expected mortality rate in the year after rapid response team
implementation (i.e., a higher model intercept) with no change in the mortality slope over
time.

Discussion

In this study that included 5.1 million hospitalizations at 56 hospitals over a 15-year period,
we found that implementation of a rapid response team was not associated with a significant
decrease in hospital mortality overall. Among individual hospitals, a rapid response team
was associated with lower-than-expected mortality in only 4 (7.1%) of hospitals. Several of
our findings merit further discussion.

Initial studies3: 14 and a highly influential report from the National Academy of Medicinel®
highlighted that preventable medical errors account for up to 98,000 hospital deaths each
year in the U.S. The disturbingly high frequency of deaths due to medical errors captured
the attention of health professionals, policymakers, and the public and led the Institute of
Healthcare Improvement in 2004 to recommend rapid response teams as a key patient safety
intervention to address preventable deaths.! Although the rationale for a rapid response
team — early intervention in deteriorating patients to prevent unexpected death — makes
intuitive sense, evidence supporting their effectiveness in reducing hospital mortality has
been mixed, at best, and has largely come from observational studies. > However, a key
limitation of many of these prior studies is that they compared aggregate mortality rates
before and after the implementation of a rapid response team and did not account for secular
trends in mortality that may have been occurring before their implementation. Given that
hospital mortality has decreased during the past two decades,6 such a design likely biased
study findings in favor of finding lower hospital mortality rates after implementing a rapid
response team. Moreover, small sample size, with limited follow up, and involvement of
single center cohorts in a number of these studies raise concerns about chance findings and
limit generalizability.1” Additionally, isolated single-center studies risk potential publication
bias.

In contrast to many prior studies and meta-analyses, we found no association between
implementation of a rapid response team and hospital mortality. Importantly, we addressed
key limitations of prior studies in several ways. With linkage of GWTG-Resuscitation with
Medicare files, we were able to include 56 hospitals with a total of 5.1 million admissions
over a median follow up period of over 7 years, which makes this the largest study to
evaluate rapid response teams, to date. For context, the most recent meta-analysis of rapid
response teams included data from 29 different studies that collectively represented a total
of 2.1 million admissions at 58 hospitals. Importantly, we found that hospital mortality was
already decreasing by a relative 2.7% per-year, on average, during the pre-implementation
period, highlighting the importance of adjusting for secular trends in obtaining an unbiased
estimate of the rapid response team effect on hospital mortality. Our findings are consistent
with a recent study of 12 pediatric hospitals that also found no association between
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implementation of a rapid response team and lower hospital mortality among children after
adjusting for secular trends in mortality.18 Moreover, our study avoids possible publication

bias in prior studies involving one or a few centers, as the 56 hospitals in this study were an
unselected group of hospitals in GWTG-Resuscitation and were included regardless of the

effect size of rapid response teams on hospital mortality.

Collectively, our findings suggest that rapid response teams as currently implemented have
not resulted in lower hospital mortality. However, it is important to emphasize that unlike
biological interventions (e.g., a medication), a rapid response team is a complex intervention
comprised of a diverse group of professionals (e.g., nurses, hospitalists, intensivists, and
respiratory therapists) and their success depends on a multitude of hospital processes, an
effective champion of the team, and institutional leadership, culture, and environment as
demonstrated in a recent qualitative study.!® Therefore, while our findings do not show a
benefit of rapid response teams in aggregate, it is possible that rapid response teams at some
hospitals have been more successful in achieving their goal of lowering hospital mortality as
compared with teams at other hospitals. Indeed, we identified 6 (10.2%) hospitals where

the rapid response team was associated with a significant change in mortality, and 4
hospitals with lower-than-expected mortality after implementation of their rapid response
team, suggesting some heterogeneity of treatment effect. Unfortunately, we lacked detailed
information regarding specific hospital protocols and processes of care of each hospital’s
rapid response team to further explore how hospital practices and team implementation
differed across sites. Given that hospitals devote considerable resources and personnel
towards rapid response teams, our findings highlight an urgent need to identify best practices
for rapid response teams so that hospitals’ investment in their operation translates into
patient benefit.

Prior studies have also examined cardiac arrest incidence on hospital wards as another
outcome to evaluate effectiveness of rapid response teams. However, that was not feasible
in the current study because Medicare files do not stratify number of hospital admissions
by location (ward or intensive care unit). Moreover, other intangible, but important benefits
of rapid response teams such as improved staff morale and teamwork, reduced nursing
workload, support of bedside nurses due to ready availability of experts who can promptly
escalate care of patients in crisis, were not assessed in the current study.20-22

Our study findings should be interpreted considering the following limitations. First,
information on date of rapid response team implementation was obtained using a survey
of GWTG-Resuscitation hospitals which may have been subject to recall bias. However,
the survey was completed by individuals knowledgeable about resuscitation programs at
each hospital, typically the Code Blue committee director. Moreover, if there the year of
implementation was in error by one or two years in some hospitals, our findings would
have been unchanged, given our year-by-year examination of the rapid response team effect
on hospital mortality in Table 2. Second, we examined mortality in Medicare beneficiaries;
thus, our findings may not be generalizable to hospital-wide mortality. However, there is
no reason to believe that hospital processes and mortality outcomes for a rapid response
team at a given hospital would differ for Medicare and non-Medicare beneficiaries. Third,
a key assumption in evaluating the association between rapid response teams and lower
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hospital mortality was that pre-implementation trends in mortality would be sustained after
the implementation of a rapid response team. Although this assumption is untestable, it

is mitigated by the fact that hospitals in our study implemented their rapid response team
during different years between 2003 to 2012 so that secular trends in mortality would be
largely offset by varying year for team implementation. Fourth, due to lack of data on
number of admissions by hospital location, we were unable to evaluate the incidence of
cardiac arrest outside the intensive care unit as a potential outcome. However, the latter
outcome may be biased if a substantial number of patients arrest soon after transfer to an
intensive care unit by a rapid response team.1” Therefore, overall hospital mortality, which
comprises all inpatient deaths is less prone to such bias in assessment of rapid response team
effectiveness.

In conclusion, we found that the implementation of a rapid response team was not associated
with lower hospital mortality. Given that most U.S. hospitals devote considerable resources
towards their operation, further studies are needed to understand best practices in rapid
response team composition, design, and implementation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known

. Although rapid response teams have been promoted widely across U.S.
hospitals, evidence to support their effectiveness in reducing hospital
mortality remains limited.

What this study adds

. Using a hierarchical log-binomial regression model of mortality over time
(calendar-year) that adjusted for secular trends, we found that implementation
of a rapid response team was not associated with a reduction in hospital
mortality among a diverse group of 56 hospitals

. Future studies are needed to identify best practices of rapid response teams
to ensure that hospital investment in these teams improves patients’ survival
outcomes. “
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Figure 1. Risk-adjusted mortality by year of implementation.
Annual mortality rates are presented by years before, the year of (vertical black line),

and years after the implementation of a rapid response team. The lines represent the
mean pre-implementation trend in mortality (solid blue line), the projected trend based
on pre-implementation data (dashed blue line) and estimated post-implementation trend
incorporating the effect of implementation (solid red line).
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Figure 2. Risk adjusted mortality rates for each hospital by calendar year.
The figure includes 56 panels, each representing a study hospital. The x-axis represents

calendar year, and the y-axis represents hospital mortality rate (%). The dashed vertical line
represents the year of implementation of rapid response team at that hospital. The solid
black line represents actual case mix-adjusted mortality by calendar year. The solid blue

line represents the model-predicted mortality trend based on pre-implementation data. The
solid red line represents the model-estimated hospital mortality rate after the implementation
of the rapid response team, accounting for the effect of implementation on deviation from
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the projected trend. At 4 hospitals (labelled with a green diamond in the top right corner),
implementation of a rapid response team was associated with significantly lower mortality
when compared to mortality expected based on pre-implementation trends. At 2 hospitals
(labelled with red diamond in the top right corner), implementation of a rapid response team
was associated with significantly higher mortality compared to mortality expected based on
pre-implementation trends.
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Characteristic of Study Hospitals

Table 1.

Hospital Characteristics, N (%) N=56
U.S. Census Region
North Mid-Atlantic 12 (21.4%)
South Mid-Atlantic 7 (12.5%)
North Central 14 (25.0%)
South Central 13 (23.2%)
Mountain/Pacific 10 (17.9%)
Number of Beds ™
<200 9 (16.4%)
200-499 29 (52.7%)
=500 17 (30.9%)
Number of ICU beds
0 2 (3.6%)
1-12 10 (17.9%)
13-25 17 (30.4%)
26-50 16 (28.6%)
>50 8 (14.3%)
Academic Status
Major teaching 18 (32.1%)
Minor teaching 14 (25.0%)
Non-teaching 24 (42.9%)
Location
Urban 51 (91.1%)
Rural 5 (8.9%)
Date of RRT implementation
2003-2006 25 (44.6%)
2007-2009 15 (26.8%)
2010-2012 16 (28.6%)
Annual Medicare Discharges, median (range) | 5214 (408-18,398)
<5000 25 (44.6%)
5000-7500 15 (26.8%)
7500-10000 9 (16.1%)
>10,000 7 (12.5%)

Abbreviations: ICU: intensive care unit; RRT, rapid response team

*
Data on number of beds was missing at 1 hospital and ICU beds was missing at 3 hospitals
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