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BACKGROUND: In 2004, the Institute for Healthcare
Improvement’s 100,000 Lives Campaign recommended
that hospitals implement rapid response teams (RRTs)
charged with identifying non-intensive care unit (ICU)
patients at risk for rapid deterioration. Although RRTs are
now in widespread use, there have been conflicting results
regarding the impact of RRTs on hospital mortality and car-
diopulmonary arrest.

PURPOSE: To assess the effectiveness of RRTs on reduc-
ing hospital mortality and non-ICU cardiopulmonary arrest
rates.

DATA SOURCES: We conducted a systematic review using
MEDLINE (1966-2014), Cochrane Central Register of Con-
trolled Trials (1898-2014), Cumulative Index to Nursing and
Allied Health Literature (1994-2014), and ClinicalTrials.gov
(1997-2014) during October 2014. There were no con-
straints on language or publication status.

DATA EXTRACTION: We included before-after studies,
cohort studies, and cluster randomized trials that reported

hospital mortality and/or non-ICU cardiopulmonary arrest
for adults hospitalized in a non-ICU setting after the imple-
mentation of RRTs and/or medical emergency teams
(METs). Data were extracted by 2 sets of 2 independent
reviewers using a standardized data-collection form. Dis-
agreements were resolved by a third reviewer. Authors were
contacted to obtain any missing data.

DATA SYNTHESIS: Our search identified 691 studies, of
which 30 met criteria for inclusion in the analysis. Imple-
mentation of an RRT/MET was associated with a significant
decrease in hospital mortality (relative risk [RR] = 0.88,
95% confidence interval [Cl]: 0.83-0.93, P = 86%,
3,478,952 admissions) and a significant decrease in the
number of non-ICU cardiac arrests (RR = 0.62, 95% CI:
0.55-0.69, I = 71%, 3,045,273 admissions).

CONCLUSIONS: Implementation of an RRT/MET is associ-
ated with a reduction in both hospital mortality and non-ICU
cardiopulmonary arrests. Journal of Hospital Medicine
2016;11:438-445. © 2016 Society of Hospital Medicine

In 2004, the Institute for Healthcare Improvement
(IHI) launched its 100,000 Lives Campaign,” a
national initiative with a goal of saving 100,000 lives
among hospitalized patients through improvements in
the safety and effectiveness of healthcare.! One of
their recommended strategies to reduce preventable
inpatient deaths was for hospitals to establish rapid
response teams (RRTs).>? The goal of RRTs, also
termed medical emergency teams (METs), is to iden-
tify patients at risk for rapid decline in condition and
intervene prior to a catastrophic event such as cardio-
pulmonary arrest.* The basis for recommending RRT/
METs was evidence of predictable warning signs
occurring in patients prior to cardiopulmonary arrest
that could alert physicians.” A pilot study by the IHI,
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including 8 hospitals in the United States and the
United Kingdom, found reductions in code calls after
implementing RRTs, with 2 hospitals also showing a
reduction in mortality.

In response to the IHI report, many hospitals estab-
lished RRT/METs.® Proponents for RRT/METs argued
that the potential benefit justified immediate implemen-
tation, whereas others advocated for further research.®
Despite the rapid, widespread adoption of RRT/METs,
questions remain regarding their effectiveness in reduc-
ing hospital mortality and non-intensive care unit
(ICU) cardiopulmonary arrests.®” In 2010, Chan et al.
reported the results of a meta-analysis of studies pub-
lished through 2008 that demonstrated a reduction in
cardiac arrests, but not mortality, following the imple-
mentation of RRTs.® An updated systematic review,
including studies published through 2012, suggested
that RRTs are associated with reduced non-ICU car-
diac arrest and reduced mortality.’

Since the publication of the Winters et al. systematic
review, several new studies have been published.” '?
We performed a systematic review and meta-analysis
including studies published through 2014 to examine
the impact of RRT/METs on hospital mortality and in-
hospital cardiopulmonary arrest (IHCA).
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METHODS

Search Methods

We conducted a systematic search of publications on
RRTs using PubMed (1946-2014), Cumulative Index
to Nursing and Allied Health Literature (1937-2014),
and the Cochrane Library (issue 10 of 12, 2014). The
search used no language restrictions and no limits.
Medical Subject Headings with keywords in a Boolean
search strategy were employed. The major themes
used were cardiopulmonary arrest and rapid response
teams. Clinicaltrials.gov (1997-2014) was searched
using a similar methodology. A reference review was
performed using Web of Science (1900-2014).

Study Eligibility Criteria

Prespecified criteria for determining study eligibility
included: before-after studies, cohort studies, non-
randomized control studies, or cluster randomized
controlled trials (RCTs); implementation of an RRT
and/or a MET as the intervention; adults (based on
individual study definition) hospitalized in a non-ICU
setting; reported 1 or both prespecified outcomes, hos-
pital mortality, or IHCA. There were no exclusion cri-
teria or language restrictions.

Data Extraction

We prospectively outlined a standard protocol that
included the research question, inclusion/exclusion cri-
teria, as well as our outcomes and search approaches.
We used standard methodology for analysis in accord-
ance with the guidelines in Cochrane Handbook for
Systematic Reviews of Interventions.'> The protocol
can be obtained by request to the authors. All changes
to our original protocol were recorded in a protocol
amendments table.

The studies identified underwent title and abstract
screening by 1 of 2 reviewers (G.S.C., R.S.S.). After
irrelevant studies were removed, reviewers independ-
ently assessed the remaining studies for eligibility
based on full-text review. All disagreements were
resolved with consensus and the help of a third
reviewer (D.C.B.).

Prior to extracting data, a piloted standardized
data-collection form was created. Eligible studies were
independently reviewed by each of the 2 reviewers,
and the relevant data extracted. Conflicts between the
reviewers regarding the data collected for a given
study were resolved by a third reviewer. The essential
data were total events (hospital deaths and THCA)
and total hospital admissions.

Assessment of Methodological Quality

We utilized design-specific tools to assess the meth-
odological quality of included studies. For non-
randomized control and cohort studies, we used the
Newcastle Ottawa Scale. This allowed us to evaluate
the representativeness of the intervention cohort,
selection of the nonintervention cohort, ascertainment
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of the intervention, whether or not the outcome was
present at the start of the study, comparability of
cohorts, assessment of the outcome, and whether there
was adequate follow-up.'* We assigned stars as a
measure of rating for each category and tallied the
number of stars to assess the methodological quality.
The maximum score was 9.'*

For before-after studies, an assessment scale devel-
oped by the ECRI (Emergency Care Research Insti-
tute) to test the internal validity of each study was
utilized."> The ECRI Before-After Scale allowed us to
evaluate if the study was prospective, inclusion and
exclusion criteria were established a priori, consecu-
tive patients were enrolled, the same initial/subsequent
treatment was administered, outcomes were objec-
tively measured, follow-up was complete, cohorts
were comparable, there were no conflicts of interest,
and conclusions were supported by data.'> We ascer-
tained whether each criterion was met and converted
answers to numerical scores. A yes was scored 1, a no
was scored —1, and no response was scored —0.5.
The sum of these scores was then added to 11,
divided by 22, and multiplied by 10 to yield the total
quality score. The summary score can range from 0 to
10. A total score <5 was considered unacceptable
quality. A score >5 but <7.5 was considered low
quality, and a total >7.5 was considered moderate
quality.”

To assess the methodological quality of RCTs, we
used the Cochrane Risk of Bias Tool."> The tool
involves determining whether a study has a high, low,
or unclear risk of bias for specific criteria.'?

Two independent reviewers evaluated the studies
using these scales, and discrepancies were resolved by
discussion.

Data Analysis
Measure of Treatment Effect
We used relative risk (RR) to summarize outcome

data for our prespecified outcomes: hospital mortality
and THCA.

Dealing With Missing Data

If essential data were missing, study authors were con-
tacted. If we did not receive a response, we calculated
total events (deaths and THCAs) using total admis-
sions and event rates per admissions. If total admis-
sions and/or event rates were missing, studies were
not included in the analysis.

Data Synthesis

We used Review Manager 5.3 to calculate pooled
summary estimates.'® Meta-analyses for each outcome
were conducted by means of a random effects model.

Assessment of Heterogeneity
To assess for heterogeneity, we calculated I* and P
values. If the I* < 0.50 or the P > 0.10, then the test
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691 records identified through
electronic database searching
285 MEDLINE (1946 — 2014)

276 Cochrane Library (2014)
123 CINAHL (1937-2014)

1 clinicaltrials.gov (1997-2014)

6 Web of Science (1900-2014)

T - 90 Excluded
@ = Duplicate records

601 Records screened for eligibility
(1 reviewer)

o] 519 Excluded by title
Call

or abstract
y
82 Records reviewed for eligibility
(2 reviewers)
52 Excluded by full
>
text
h 4

30 Studies meeting all eligibility
criteria

FIG. 1. Study selection flow diagram. Abbreviations: CINAHL, Cumulative
Index to Nursing and Allied Health Literature; CENTRAL, Cochrane Central
Register of Controlled Trial; MEDLINE = PubMed.

for heterogeneity was passed. If heterogeneity was
present, we evaluated each study in an effort to iden-
tify outliers. If an outlier was identified, the study was
removed from the analysis.

Assessment of Reporting Bias

To assess publication bias, we used a funnel plot of
the primary outcome. The findings were arranged by
study size and effect size, and the plot was assessed
for symmetry.

Subgroup Analyses

Subgroup analyses were performed for study type,
RRT/MET composition, and publication year. Study
type was grouped by cluster RCT and nonrandomized
studies versus cohort/before-after studies. Team com-
position was grouped by whether or not there was a
physician on the RRT/MET. Publication year was
grouped by studies published before or after 2010.

Sensitivity Analysis

We conducted sensitivity analyses to evaluate the
impact of methodological quality on summary esti-
mates. We compared overall summary estimates to
summary estimates based only on before-after studies
judged to be low risk for bias. We also conducted an
analysis to evaluate the inclusion of studies in which
total events were calculated from rates and total

admissions. We compared the overall summary esti-
mates to summary estimates based on studies in which
we were able to obtain essential data.

RESULTS

Description of Studies

Our search identified 691 studies, of which 90 were
duplicates. The remaining studies were screened by
title and abstract, identifying 82 potentially eligible
studies, of which 30 studies were identified as eligible
for inclusion in the meta-analysis (Figure 1).

Of the 30 eligible studies, 10 were excluded from
pooled estimates for hospital mortality,”!”"** and 10
were excluded from pooled estimates for IHCA due to
missing data.!”18:20-27:2930 Eqr the analysis, 20 stud-
ies were included for the hospital mortality analysis
and 20 studies were included for the IHCA analysis.
The 22 studies included in either or both analyses
spanned the years 2000 to 2014. The characteristics
of the included studies are summarized in Table 1.

Methodological Quality

The methodological quality of the 4 cohort studies,
based on the New Castle Ottawa Scale, was either 8
or 9 stars. Using the ECRI Before-After Scale, the
average quality score of the 17 included before-after
studies was 8.41 (range, 7.27-9.32). Included before-
after studies were of moderate quality, with the excep-
tion of 1 of lower quality. The cluster RCT had low
risk of bias for random sequence generation, alloca-
tion concealment, blinding of participants/personnel,
and incomplete outcome data; however, it had unclear
risk of bias for blinding of outcome assessment, selec-
tive reporting, and sources of bias due to lack of
reporting.”® Overall, the 22 studies included ranged
from moderate to good quality.

Effect of RRT on Hospital Mortality

Of the 20 studies that reported hospital mortality, 9
favored RRT/METs,'®!1:3973¢ 10 found no difference
with RRT/METs,'>?%*22%3742 and 1 favored RRT/
METs for surgical patients while favoring usual care
(no RRT/MET) for medical patients®® (Figure 2a).
The pooled analysis demonstrated that implementa-
tion of RRT/METs was associated with a significant
reduction in hospital mortality (RR = 0.88, 95% con-
fidence interval [CI]: 0.83-0.93). There was heteroge-
neity among the contributing studies (I* = 86%).

Effect of RRT on IHCA

Of the 20 studies that reported rates of THCA, 12
favored RRT/METs 710-12:31:3234=39 414 8 found no
difference with RRT/METs!®!%-20:22:28,33:40-42 (Ejoype
2b). In the pooled analysis, RRT/METs were associ-
ated with a significant reduction in IHCA (RR =
0.62, 95% CI: 0.55-0.69). There was moderate heter-
ogeneity among the studies (I* = 71%).
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FIG. 2. (a) Forest plot of RRT/MET impact on in-hospital mortality. (b) Forest plot of RRT/MET impact on IHCA. Abbreviations: Cl, confidence interval; M-H, Man-

tel-Haenszel; MET, medical emergency team; RRT, rapid response team.

Subgroup Analysis

Study Type

For hospital mortality, there was 1 cluster RCT and 2
nonrandomized studies' **** (RR = 0.83, 95% CI: 0.80-
0.87) and 17 cohort/before-after studies!®-1%2228-32,34-42
(RR = 0.89, 95% CI: 0.83-0.96). The cluster RCT and
non-randomized studies had minimal heterogeneity (I* =
7%), and the cohort/before-after studies exhibited sub-
stantial heterogeneity (I* = 88%). The test for subgroup
differences (I = 54.7%) indicates that study type may
have an impact on hospital mortality.

For IHCA, there was 1 cluster RCT and 2 non-
randomized studies''*** (RR = 0.68, 95% CI: 0.52-
0.88) and 17 before-after studies”>!%1%1%22,28,31,32,34-42
(RR = 0.60, 95% CI: 0.52-0.69). The cluster RCT and
nonrandomized studies had substantial heterogeneity
(I> = 79%), whereas the cohort/before-after studies had
moderate heterogeneity (I> = 69%). The test for sub-

group differences (I = 0%) indicates that study type
had no impact on IHCA.

RRT/MET Team Composition

For hospital mortality, there were 14 stud-
jes!0:20:29-31-38:40-42 f RRTs with physicians (RR =
0.88, 95% CI: 0.82-0.95) and 4 studies'***?%? with-
out physicians (RR = 0.85, 95% CI: 0.74-0.99). Both
groups exhibited substantial heterogeneity (I* = 85%
for both). The test for subgroup differences (I = 0%)
indicates that team composition had no impact on
hospital mortality.

Similarly, for IHCA there were 14 stud-
jes/10-20.31-38:4042 ¢ RRTs with physicians (RR =
0.61, 95% CI: 0.54-0.69) and 4 studies'>"'”*®? with-
out (RR = 0.60, 95% CI: 0.39-0.92). The studies
with physicians on the RRT had moderate heterogene-
ity (I* = 55%), whereas studies without a physician
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on the RRT had substantial heterogeneity (I* =
81%). The test for subgroup differences (I* = 0%)
indicates that team composition had no impact on
IHCA.

Publication Year

Publication year had no impact on hospital mortality.
Studies published 2010 or earlier had an RR of 0.88
(95% CI: 0.80-0.97), whereas studies published after
2010 had an RR of 0.87 (95% CI: 0.83-0.92). Both
groups had substantial heterogeneity (I* of 88% and
75%, respectively). The test for subgroup differences
(I> = 0%) indicates publication year had no impact
on hospital mortality.

Publication year had no impact on THCA. Studies
published in 2010 or earlier had an RR of 0.63 (95%
CIL: 0.54-0.73), whereas studies published after 2010
had an RR of 0.60 (95% CI: 0.50-0.72). The 2010 or
earlier group had moderate heterogeneity (I* = 60%),
whereas the post-2010 group had substantial hetero-
geneity (I> = 77%). The test for subgroup differences
(I> = 0%) indicates that publication year had no
impact on IHCA.

Sensitivity Analysis

A sensitivity analysis was performed excluding studies
with low methodological quality from the analysis.
For hospital mortality there were no studies of low
methodological quality. For IHCA there was no major
change in the summary estimate or the heterogeneity
(RR = 0.59, 95% CI: 0.53-0.67, I* = 66%).

A sensitivity analysis was performed excluding stud-
ies only reporting rates and/or average annual admis-
sions from the analysis. For hospital mortality, there
was no major change in the summary estimate or the
heterogeneity (RR = 0.87, 95% CI: 0.82-0.93, P =
87%). For IHCA there was no major change in the
summary estimate, but there was a decrease in hetero-
geneity (RR = 0.59, 95% CI: 0.53-0.66, I = 63%).

Publication Bias

Funnel plots generated for the effect of RRTs on hos-
pital mortality and on IHCA did not indicate publica-
tion bias. Our search of clinicaltrials.gov found 1
potentially eligible study that did not meet our inclu-
sion criteria.

DISCUSSION
We found implementation of RRT/METs was associ-
ated with reductions in hospital mortality and THCA.
Our analysis extends the meta-analysis of Chan et al.
and is consistent with the recent systematic review by
Winters et al.®’ These findings provide support for
the THI recommendation that hospitals implement
RRT/METs."

Following the 2004 THI recommendations, RRT/
METs were widely implemented, with over 50% of
hospitals having some form of RRT by 2010.° The
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adoption of RRT/METSs occurred despite limited evi-
dence on the effectiveness of RRT/METs. A meta-
analysis of studies published through 2008 demon-
strated a reduction in cardiac arrests, but no reduction
in mortality after implementation of RRT/METs.?
More recently a systematic review that included studies
through 2012 suggested that RRT/METS are associated
with reduced THCA and reduced mortality.” Our anal-
ysis addressed the conflicting results of the prior
reviews and included 13 studies published after the
Chan et al. meta-analysis and several studies published
after the Winters et al. systemic review.®® The studies
included in our analysis were completed in hospitals
across multiple countries and settings, increasing the
generalizability of the results. Most studies were per-
formed in teaching hospitals; thus, the results may not
be as applicable to community hospitals.

We found publication year did not impact either
outcome. However, this may reflect our use of 2
broad publication periods rather than smaller periods,
as 5 of the 6 newly included studies favor RRT inter-
ventions. Additionally, if the studies missing data had
been included in our analysis, they may have shown
that publication year impacts the outcomes. We noted
that a physician on a RRT/MET did not affect out-
comes, contrary to suggestions by Winters et al.” This
may reflect the skill of nonphysician providers and/or
the collaboration of the RRT/MET with critical care
teams. However, very few RRTs did not include a
physician, limiting the conclusion that can be drawn
regarding team composition.

Many patients exhibit observable clinical deteriora-
tion or measurable changes that could identify them
prior to an event such as cardiac arrest.>*> Measurable
physiologic parameters, in fact, are the basis of medical
early warning systems and recent automated sys-
tems.*** Similarly, delayed transfer to the ICU has
been shown to be associated with increased mortal-
ity.*® Therefore, RRTs, either by identifying patients at
risk for clinical deterioration and/or facilitating trans-
fer of patients to the ICU earlier, could result in
improved clinical outcomes. We did not specifically
look at ICU transfer or ICU codes in our analysis.
However, in a recent single-center before-after study,
RRT implementation increased ICU admission rates
and the transfer of less severely ill patients to the ICU
without improvement in severity of illness-adjusted
outcomes.*” This finding may reflect the ICU organiza-
tion of the particular institution; however, given lim-
ited ICU resources, admitting an increased number of
less severely ill patients without clear clinical benefit is
a potential concern. More studies are needed to better
understand the mechanism of benefit as well as poten-
tial trade-offs associated with RRT implementation. It
is possible that institutional factors determine the bene-
fit that can be achieved through RRTs.

Our study has several limitations. Although the
methodological quality of the included studies was
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moderate to good, confounding and biases can be an
issue with before-after trials and cohort studies. Most
studies were before-after observational trials, lacking
a concurrent control group making it difficult to draw
causal relationships. This is particularly the case for
hospital mortality, which has been independently fall-
ing since 2000.** Thus, changes in observed hospital
mortality may simply reflect the general trend inde-
pendent of the RRT intervention. However, this does
not appear the case for cardiopulmonary arrest, which
has been increasing in incidence since 2000.*” There
were several studies eligible for inclusion in our analy-
sis, but could not be included because of insufficient
data. It is possible that the inclusion of these studies
could influence the results of our analysis. Finally,
there was heterogeneity among the studies for both
outcomes, particularly in-hospital mortality. This
likely reflects variations in hospital characteristics and
case-mix indices. There may also be other factors
impacting teams such as how hospitals handled deteri-
orating patients before RRT implementation, educa-
tion periods, and differing mechanisms and criteria
for RRT activation.

In conclusion, RRT/METs are effective in decreas-
ing both THCA and hospital mortality. Our findings
support the 2004 THI recommendations for the imple-
mentation of RRTs in hospitals. Additional studies
are still required to explore team composition, activa-
tion criteria, activation mechanism, and implementa-
tion strategies.
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