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I ORIGINAL CONTRIBUTION
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N-HOSPITAL CARDIAC ARRESTS ARE

common'? and delays in treat-

ment are associated with lower sur-

vival and worse neurological out-
comes.! Prior studies have reported that
adult patients often exhibit physiologi-
cal deterioration hours before cardio-
pulmonary arrest.>” As a result, the In-
stitute for Healthcare Improvement
recommended in their 100 000 Lives
Campaign that hospitals implement
rapid response teams as 1 of 6 strate-
gies to reduce preventable in-hospital
deaths.® In response, hundreds of hos-
pitals around the country have in-
vested significant financial and person-
nel resources in implementing rapid
response teams, despite the fact that
limited published data support their ef-
fectiveness.

A rapid response team, also known
as a medical emergency team, is a mul-
tidisciplinary team of intensive care unit
(ICU) personnel charged with the
evaluation, triage, and treatment of non-
ICU patients with signs of clinical de-
terioration to reduce the rates of in-
hospital cardiopulmonary arrests
(codes) and their attendant morbidity
and mortality. Several studies have
shown that rates of non-ICU codes de-
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Context Rapid response teams have been shown in adult inpatients to decrease car-
diopulmonary arrest (code) rates outside of the intensive care unit (ICU). Because a
primary action of rapid response teams is to transfer patients to the ICU, their ability
to reduce hospital-wide code rates and mortality remains unknown.

Objective To determine rates of hospital-wide codes and mortality before and after
implementation of a long-term rapid response team intervention.

Design, Setting, and Patients A prospective cohort design of adult inpatients ad-
mitted between January 1, 2004, and August 31, 2007, at Saint Luke's Hospital, a
404-bed tertiary care academic hospital in Kansas City, Missouri. Rapid response team
education and program rollout occurred from September 1 to December 31, 2005. A
total of 24 193 patient admissions were evaluated prior to the intervention (January
1, 2004, to August 31, 2005), and 24 978 admissions were evaluated after the inter-
vention (January 1, 2006, to August 31, 2007).

Intervention Using standard activation criteria, a 3-member rapid response team
composed of experienced ICU staff and a respiratory therapist performed the evalu-
ation, treatment, and triage of inpatients with evidence of acute physiological de-
cline.

Main Outcome Measures Hospital-wide code rates and mortality, adjusted for
preintervention trends.

Results There were a total of 376 rapid response team activations. After rapid re-
sponse team implementation, mean hospital-wide code rates decreased from 11.2 to
7.5 per 1000 admissions. This was not associated with a reduction in the primary end
point of hospital-wide code rates (adjusted odds ratio [AOR], 0.76 [95% confidence
interval {Cl}, 0.57-1.011; P=.06), although lower rates of non-ICU codes were ob-
served (non-ICU AOR, 0.59 [95% ClI, 0.40-0.89] vs ICU AOR, 0.95 [95% ClI, 0.64-
1.43]; P=.03 for interaction). Similarly, hospital-wide mortality did not differ between
the preintervention and postintervention periods (3.22 vs 3.09 per 100 admissions;
AOR, 0.95 [95% Cl, 0.81-1.11]; P=.52). Secondary analyses revealed few instances
of rapid response team undertreatment or underuse that may have affected the mor-
tality findings.

Conclusion In this large single-institution study, rapid response team implementa-
tion was not associated with reductions in hospital-wide code rates or mortality.
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crease after rapid response team imple-
mentation,” ! but these studies, which
have focused on cardiopulmonary ar-
rests outside of the ICU, may lead to a
favorable bias for rapid response teams
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because cardiac arrests that occurred af-
ter transferring patients with physi-
ological decline to the ICU were not in-
cluded.

To date, no adult studies have de-
scribed the benefits of rapid response
team interventions on overall hospital-
wide code rates to control for this po-
tential reporting bias. Moreover, most
adult studies of rapid response team
implementation have used a preinter-
vention vs a postintervention design
with follow-up periods of only several
months and therefore may not have ad-
equately adjusted for seasonal varia-
tions in disease severity.!'* In addi-
tion, even when a rapid response team
program is in effect, the proportion of
cardiopulmonary arrests in which the
rapid response team was not activated
(representing missed opportunities for
prompt intervention) is unknown. Fi-
nally, because in-hospital cardiopul-
monary arrests are associated with poor
survival,! whether rapid response team
implementation is associated with lower
hospital-wide mortality through a re-
duction of cardiopulmonary arrest rates
remains controversial.

To address these important gaps in
knowledge, we examined the associa-
tion between a rapid response team
intervention and long-term changes in
hospital-wide cardiopulmonary arrest
and mortality rates, with further char-
acterization of cardiopulmonary arrest
rates by hospital location (non-1CU
and ICU). In addition, we assessed
rates of potential underuse of rapid
response teams by determining the
proportion of cardiopulmonary
arrests that should have prompted a
rapid response team intervention but
did not.

METHODS

To determine the association between
rapid response team implementation
and changes in adult hospital-wide car-
diopulmonary arrest rates and mortal-
ity, we conducted a prospective co-
hort study at the main hospital campus
of Saint Luke’s Health Care System.
Saint Luke’s Hospital is a 404-bed (365
adult beds) tertiary care hospital lo-
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cated in Kansas City, Missouri, with a
full complement of heart, solid organ,
and bone marrow transplant services,
surgery programs, and medical and sur-
gical subspecialties. The hospital in-
cludes 271 medical-surgical beds, 41
obstetrical beds, and 53 ICU beds (12
cardiac, 12 medical, and 29 general sur-
gical, cardiothoracic, and neurosurgi-
cal). Between January 1, 2004, and
August 31, 2007, detailed patient in-
formation for all cardiopulmonary ar-
rests and rapid response team inter-
ventions was prospectively collected in
a hospital resuscitation database as part
of a quality-improvement initiative
among the 49 171 adult patients hos-
pitalized at Saint Luke’s Hospital. This
project was reviewed and approved by
the institutional review board at Saint
Luke’s Hospital, and the requirement
for informed consent was waived.

Patients who were aged 18 years or
older were included if they were admit-
ted during the study period and spent
atleast 1 day on an adult ward. The pre-
intervention period was between Janu-
ary 1, 2004, and August 31, 2005, and
the postintervention period, defined for
identical time duration and seasonal-
ity, was between January 1, 2006, and
August 31, 2007. Staff education and
rapid response team program rollout
occurred from September 1 to Decem-
ber 31,2005, and patient data from this
period was excluded. Cardiopulmo-
nary arrests occurring in operating
rooms and procedural areas also were
excluded from the analysis because the
etiology and resuscitation environ-
ment of these arrests differ from non-
procedural arrests.

Rapid Response Team Intervention
On January 1, 2006, Saint Luke’s Hos-
pital implemented a nurse-led rapid re-
sponse team composed of 2 experi-
enced ICU nurses and a respiratory
therapist to respond to all calls for adult
inpatients. An ICU attending or fel-
low joined the team’s evaluation when
requested by the rapid response team.
Education regarding the rapid re-
sponse team program had been pro-
vided through presentations and rein-

forced with resource handouts, posters,
and stickers to medical and nursing staff
in all adult inpatient hospital areas dur-
ing the 4-month informational and edu-
cational period (September to Decem-
ber 2005). Standard criteria were used
to activate the rapid response team and
included acute changes in the pa-
tient’s mental status, respiratory rate,
heart rate, oxygenation, or blood pres-
sure, and hypoxia, chest pain, or worry
from clinical staff.

Rapid response team activation oc-
curred via dedicated pagers through the
operator with a single emergency tele-
phone number. When activated, the
rapid response team was expected to ar-
rive within 10 minutes, complete pa-
tient assessments within 30 minutes,
and order diagnostic tests and thera-
peutic treatments pertinent to the pa-
tient’s condition. In addition, the rapid
response team would discuss manage-
ment with the patient’s primary team
and determine the need for more in-
tensive monitoring or establishment of
do not resuscitate (DNR) status, when
appropriate.

Study Outcomes and Variables

The primary study outcomes were hos-
pital-wide cardiopulmonary arrest rates
per 1000 admissions and mortality rates
per 100 admissions. A code was de-
fined as any patient with an unex-
pected cardiac or respiratory arrest re-
quiring resuscitation and activation of
a hospital-wide alert. Cardiac arrests
were defined as cessation of cardiac me-
chanical activity, determined by the ab-
sence of a palpable central pulse, ap-
nea, and unresponsiveness. Respiratory
arrests were defined as apnea and
unresponsiveness.

To further explore the association be-
tween rapid response team implemen-
tation and changes in code rates, code
rates also were examined by location
(ICU vs non-ICU) and by code type
(respiratory arrests, shockable cardiac
arrests [pulseless ventricular tachycar-
dia or ventricular fibrillation], and non-
shockable cardiac arrests [asystole or
pulseless electrical activity]). Finally,
the degree to which the rapid re-
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]
Table 1. Demographic Characteristics of Study Population Before and After Rapid Response

Team Intervention

Preintervention@

Postintervention?

2004 2005 2006 2007 P Value
(n=14287) (n=9906)® (n=14652) (n=10326)° for Trend

Age, mean (SD), y 56.8 (13.6)  56.5 (13.8) 57.0(13.9) 57.1(13.8) 02
Men 5701 (39.9) 4141 (41.8) 6256 (42.7) 4420 (42.8) <.001
Race

White, non-Hispanic 11001 (77.0) 7519 (75.9) 11048 (75.4) 7579 (73.4)

White, Hispanic 743 (5.2) 535 (5.4) 733 (5.0) 516 (5.0)

Black 2086 (14.6) 1565 (15.8) 2505 (17.1) 1962 (19.0) <.001

Asian 186 (1.3) 119 (1. ) 190 (1.3) 145 (1.4)

Other® 271 (1.9) 158 (1.6 176 (1.2) 124 (1.2)
Case-mix index? 1.90 1.89 1.92 1.98 <.001
Length of stay, 3(2-6) 3 (2-6) 3 (2-6) 3(2-6) >.99

median (IQR), d

Abbreviation: IQR, interquartile range.

2Values are expressed as number (percentage) unless otherwise indicated.
Sample size represents follow-up from January through August for that year.

CPatients designated themselves as Pacific-Islanders, Native Americans, and of multiple races (ie, the patient did not iden-
t\fy with any of the other discrete categories of race, such as black, Asian, etc).
dMeasurement of a hospital’s average patient illness acuity, based on the US Centers for Medicare & Medicaid Services’

cost weights.'®

sponse team was poorly implemented
at the hospital was investigated be-
cause of potential rapid response team
undertreatment or underuse.

Patients in whom a rapid response
team intervention was initiated but who
subsequently sustained a code outside
of the ICU were designated as treat-
ment failures (rapid response team un-
dertreatment). The charts of all cardio-
pulmonary arrest patients during the
postintervention period also were re-
viewed to determine the proportion of
arrests occurring outside of the ICU in
which the patient experienced acute
clinical deterioration meeting rapid re-
sponse team activation criteria of 2
hours or longer and 12 hours or shorter
from their code but in whom a rapid
response team evaluation was not trig-
gered. These codes were designated as
cases of rapid response team underuse.

To account for potential changes of
the population during the study pe-
riod, demographic data on age, sex, and
race (as identified by patients or their
families) were collected on all admis-
sions for each study year. Hospital case-
mix index,"” a reflection of disease se-
verity at Saint Luke’s Hospital, was
collected preintervention and postinter-
vention. Data on the primary reason for
rapid response team activation, rapid

2508
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response team interventions, and pa-
tient disposition after rapid response
team evaluation were prospectively col-
lected in the hospital resuscitation da-
tabase. Data on codes, including loca-
tion (ICU vs non-ICU), type of arrest
(cardiac vs respiratory), initial rhythm
for cardiac arrests, and survival to hos-
pital discharge were similarly col-
lected.

Statistical Analysis

Differences in demographics and case-
mix during the 4 years were com-
pared using the Mantel-Haenszel trend
test for categorical variables and the lin-
ear trend test for continuous vari-
ables. Code and mortality rates were de-
termined based on monthly admission
volumes.

A quasi-experimental approach was
used to assess the association between
a rapid response team implementa-
tion program and changes in hospital-
wide code and mortality rates. Poten-
tial autocorrelations between months
were assessed prior to construction of
regression models, and no evidence of
significant autocorrelation was found.
Because most prior studies have per-
formed only aggregate preintervention
and postintervention comparisons,
secular trends in cardiac resuscitation

and the effect of ongoing quality-
improvement programs by a hospi-
tal’s code blue committee would not
have been accounted for. To adjust for
such trends, linear regression models
were constructed to examine trends in
code rates and mortality rates prior to
rapid response team intervention. Next,
to ensure that rapid response team post-
intervention event rates were com-
pared with rates that accounted for even
nonsignificant preintervention trends,
multivariable random-effects logistic re-
gression models were constructed that
used an autoregressive error structure
and adjusted for patient demograph-
ics and case-mix.

These models then compared the
mean postintervention rates with the
preintervention regression model event
rate of the last preintervention month
(which would adjust for ongoing trends
prior to the intervention). From this
model, the estimated coefficient com-
paring the preintervention and post-
intervention periods was interpreted as
the effect of the intervention and re-
ported as an odds ratio (OR) with 95%
confidence intervals (Cls). Addition-
ally, the effect of the intervention on
code rates by hospital location and type
of arrest were examined with interrac-
tion terms with the rapid response team.
As a sensitivity analysis, the associa-
tion between rapid response team
implementation and mortality was as-
sessed if deaths that occurred from po-
tential rapid response team undertreat-
ment and underuse had been prevented.
Finally, using Monte Carlo simulation
to randomly reclassify postinterven-
tion deaths as nondeaths, the thresh-
old number of additional avoidable
deaths required for rapid response team
implementation to have significantly re-
duced mortality was determined in this
study.

Assuming a 1.1% hospital-wide code
rate and 24 200 admissions prior to the
intervention, and a 42% reduction in
hospital-wide code rate after the inter-
vention (70% reduction in non-ICU
codes”!! and 60% of all hospital codes
being outside the ICU, based on our in-
stitution’s prior experience), our study

©2008 American Medical Association. All rights reserved.
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would have 99% statistical power to de-
tect, at a 2-sided significance level of .05,
areduction in hospital-wide code rates.
Also, assuming a case-fatality rate of
80% for hospital-wide codes'® and a pre-
intervention hospital-wide mortality
rate of 3.22%, this reduction in rates of
hospital-wide codes, after adjusting for
preintervention trends, would have 78%
statistical power to detect, at a 2-sided
significance level of .05, areduction in
hospital-wide mortality.

For all analyses, the null hypothesis
was evaluated at a 2-sided significance
level of .05. All statistical analyses were
performed with SAS version 9.1 (SAS
Institute, Cary, North Carolina) and R
version 2.3.1.

RESULTS

Although numerically small, there were
significant differences in the demo-
graphic characteristics between the pre-
intervention and the postintervention
populations. Patients in the rapid re-
sponse team postintervention period
were older, more likely to be male and
of black race, and had higher case-mix
estimates (TABLE 1). However, no dif-
ferences in length of hospital stay (ie,
median exposure time to codes) was
seen across the study years.

During the 20-month period after in-
tervention implementation, there were
a total of 376 rapid response team ac-
tivations. The most common reasons for
rapid response team activation were al-
tered neurological status (27.4%),
tachycardia exceeding 130/min
(23.4%), tachypnea exceeding 30/min
(13.3%), and hypotension assessed as
systolic blood pressure lower than 90
mm Hg (11.7%) (TABLE 2). The most
common rapid response team interven-
tions taken were electrocardiogram
(41.0%), additional peripheral intrave-
nous line access (40.0%), arterial blood
gas (32.2%), and chest radiograph
(31.1%). After rapid response team ac-
tivation, patients were transferred to
higher-level care in 45.5% of cases: to
the ICU (41.2%), telemetry units
(3.7%), and procedure or operating
suites (0.6%). Those patients who were
not transferred had already been on te-

©2008 American Medical Association. All rights reserved.
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lemetry units for continuous monitor-
ing (51.6%) or had obtained DNR sta-
tus (2.1%) during the rapid response
team intervention.

A total of 70 patients died after rapid
response team intervention (18.6%), of
which 3 occurred during initial rapid
response team response, 43 in the ICU,
12 in non-ICU wards within 1 week af-
ter rapid response team intervention,
and 12 in non-ICU wards more than 1
week after rapid response team inter-
vention (Table 2). Notably, 51 of these
deaths occurred among patients who
had DNR status at admission (9 pa-
tients; 5 deaths), who obtained DNR
status during rapid response team ac-
tivation (8 patients; 6 deaths), or who
subsequently obtained DNR status af-
ter rapid response team activation (65
patients; 40 deaths).

Unadjusted hospital-wide code rates
per 1000 admissions were 11.20 before
rapid response team intervention and
7.53 after rapid response team interven-
tion (P<.001), and decreased numeri-
cally for all types of code events
(TABLE 3). Decreases in non-ICU code
rates per 1000 admissions (from 6.08
preintervention to 3.08 postinterven-
tion; P<.001) accounted for the major-
ity of this difference, with little change
in ICU code rates (from 5.13 preinter-
vention to 4.44 postintervention;
P=.27). Case fatality rates after cardio-
pulmonary arrest were similar prior to
and after the rapid response team inter-
vention (77.9% vs 76.1%, respectively;
P=.65). In contrast to code rates, unad-
justed hospital-wide mortality rates per
100 admissions did not meaningfully
change after the rapid response team in-
tervention (3.22 preintervention vs 3.09
postintervention; P=.41). Notably, the
ratio of deaths to hospital-wide codes in-
creased from 2.88 preintervention to
4.11 postintervention (P=.001).

Graphical trends in monthly code
rates and mortality rates are depicted
in FIGURE 1 and FIGURE 2. Regression
models did not reveal a linear trend for
either outcome prior to the interven-
tion, although there was a visual trend
of a small decrease in code rates over
time prior to the rapid response team

]
Table 2. Reasons, Diagnostic and Treatment In-
terventions, Patient Disposition, and Deaths Fol-
lowing Rapid Response Team (RRT) Activation

No. (%) of

Activations
(n=376)

Reason for RRT activation

Altered neurological status 103 (27.4)
Tachycardia (>130/min) 88 (23.4)
Tachypnea (>30/min) 50 (13.3)
Hypotension (systolic blood 44 (11.7)

pressure <90 mm Hg)
Hypoxia (oxygen saturation <90%)

30 (8.0)
Staff worried 26 (6.9)
Chest pain 11 (2.9
Bradycardia (<40/min) 16 (4.3
Hypopnea (<8/min) 6(1.6)
Cardiac arrest 0
Other 2(0.5)
Interventions and procedures
implemented by RRT?
Electrocardiogram 154 (41.0)
Additional peripheral 150 (40.0)
intravenous
line access
Arterial blood gas 121 (32.2)
Chest radiograph 117 (31.1)
Renal and shock laboratory 70 (18.6)
panel
Resuscitation fluids 60 (16.0)
Cardiac enzymes 50 (13.3)
Computed tomography scan 47 (12.5)
Noninvasive positive pressure 41 (10.9)
ventilation
Intubation 28 (7.4)
Central venous access 28 (7.4)
Intravenous diuretics 27 (7.2)
Intravenous narcan 20 (5.9
Intravenous nitroglycerin 18 (4.8)
Suctioning 18 (4.8)
Sepsis evaluation with cultures 16 (4.3)
Antiepileptics 14 (3.7)
Inhaled nebulizer treatment 13 (3.5
Intravenous morphine 12 3.2
Intravenous vasopressor 5(1.3
Arterial line access 3(0.8)
Cardioversion 1(0.3
Immediate disposition
Remained on telemetry ward 194 (51.6)
Transferred to adult ICU 155 (41.2)
Transferred to telemetry unit 14 (3.7)
Operating room 1(0.3)
Cardioversion suite 1(0.3
Obtained do not resuscitate status 8((2.1)
Died 3(0.8)
Deaths (n=70)
During RRT response 3 (4.3
Within ICU 43 (61.4)
Outside ICU
=7d 12(17.1)
>7d 12 (17.1)

Abbreviation: ICU, intensive care unit.
@Allinterventions during each RRT response were included.
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intervention. After adjusting for this
trend and for demographic variables
with multivariable models, the rapid re-
sponse team intervention was not as-
sociated with a significant reduction in
hospital-wide code rates (adjusted OR,
0.76 [95% CI, 0.57-1.01]; P=.06)
(TABLE 4), although secondary analy-
ses found that the rapid response team
intervention was associated with lower
non-ICU code rates (non-ICU wards

adjusted OR, 0.59 [95% CI, 0.40-
0.89] vs ICU units adjusted OR, 0.95
[95% CI, 0.64-1.43]; P=.03 for inter-
action). Similarly, implementation of a
rapid response team was not associ-
ated with lower hospital-wide mortal-
ity (adjusted OR, 0.95 [95% ClI, 0.81-
1.11]; P=.52).

Potential undertreatment and under-
use of the rapid response team interven-
tion also was determined. Of the 24

]
Table 3. Summary of Study Outcomes Before and After Rapid Response Team

Implementation

No. (Rate per 1000)2

Outcome IPreintervention Postin’terventionI VaITue
Hospital-wide admissions 24193 24978
Codes 271 (11.20) 188 (7.53) <.001
Ventricular fibrillation 62 (2.56) 48 (1.92) 13
Asystole or pulseless electrical activity 175 (7.23) 122 (4.88) .001
Respiratory 34 (1.40) 18 (0.72) .02
Deaths from code, No. (%) 211(77.9) 143 (76.1) 65
Hospital bed type
Intensive care unit 124 (5.13) 111 (4.44) 27
Non-intensive care unit 147 (6.08) 77 (3.08) <.001
No. of deaths 780 773
Mortality rate per 100 admissions 3.22 3.09 A1
Ratio of deaths to hospital-wide codes 2.88 4.1 .001

2Unless otherwise indicated.
Pindicates case fatality rate for codes.

deaths that occurred after rapid re-
sponse team intervention in which the
patient was not transferred to an ICU and
did not obtain DNR status at the time of
the intervention, only 2 of these were fol-
lowed up by a cardiopulmonary arrest
code (2 and 18 days after rapid re-
sponse team intervention) and poten-
tially would be considered as rapid re-
sponse team undertreatment. Moreover,
of the 188 codes in the rapid response
team postintervention period, 20 oc-
curred in non-ICU patients who had
documented acute physiological de-
cline within 12 hours of the code
(10.6%), but where the rapid response
team was not activated (potential rapid
response team underuse accounting for
16 deaths).

In sensitivity analysis, rapid re-
sponse team implementation would still
have had no significant effect on mor-
tality even if all 18 deaths from these
22 potential cases of rapid response
team undertreatment and underuse had
been avoided (OR, 0.93 [95% CI, 0.79-
1.09]; P=.35). In Monte Carlo simula-
tion analysis, rapid response team
implementation would need to have
prevented an additional 80 deaths in or-

Figure 1. Hospital-Wide Code Rates per 1000
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Figure 2. Hospital-Wide Mortality Rates per 100 Eligible Adult Patient Admissions by Month
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der for us to have detected a signifi-
cant mortality benefit (OR for 693 post-
intervention deaths, 0.85 [95% CI, 0.72-
1.00D).

COMMENT

Our study evaluated the association be-
tween rapid response team implementa-
tion and both hospital-wide code ratesand
mortality. To our knowledge, this is the
longest follow-up study of arapid response
team intervention with the greatest num-
ber of deaths and code events. We found
thatimplementation of a rapid response
team was not associated with lower
hospital-wide code rates. Similarly, rapid
response team intervention was not as-
sociated with improvements in the clini-
cally meaningful outcome of hospital-wide
mortality. Importantly, only a small per-
centage of deaths after rapid response team
intervention and cardiopulmonary arrests
were categorized as potential rapid re-
sponse team undertreatment or underuse
and would not have plausibly altered these
findings. We believe that this study pro-
vides important new insights regarding
the effectiveness and limitations of rapid
response team intervention and raises criti-
cal questions about whether recommen-

©2008 American Medical Association. All rights reserved.
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Table 4. Model Estimates of the Association Between Rapid Response Team Intervention and

Hospital-Wide Code Rates and Mortality

Adjusted OR P
Outcome Estimate (SE) (95% CI)2 Value
Hospital-wide codes per 1000 admissions -0.27 (0.14) 0.76 (0.57-1.01) .06
Hospital-wide codes per 1000 admissions
by arrest type
Ventricular fibrillation or pulseless -0.27 (0.28) 0.77 (0.43-1.36) .36
ventricular fibrillation
Asystole or pulseless electrical -0.19(0.28) 0.82 (0.58-1.18) .28
activity
Respiratory —-0.70 (0.40) 0.50 (0.22-1.12) .09
Hospital-wide codes per 1000 admissions
by bed type
Intensive care unit —-0.05 (0.20) 0.95 (0.64-1.43) .81
Non-intensive care unit -0.52 (0.20) 0.59 (0.40-0.89) .01
Mortality rate per 100 admissions -0.05 (0.08) 0.95 (0.81-1.11) .52

Abbreviations: Cl, confidence interval; OR, odds ratio.

aAdjusted for demographics, case-mix index, and preintervention trends.

dations to disseminate rapid response
teams nationally are warranted without
a demonstrable mortality benefit.

Our work extends the findings of
other investigations that have exam-
ined the association between rapid re-
sponse team implementation and code
rates and mortality among adult inpa-
tients. Although most prior studies have
found that rapid response teams de-
crease non-ICU code rates,”!! the ex-
tent to which decreases occurred be-

cause early intervention reversed
physiological decline or because the
rapid response team had simply trans-
ferred the patient to the ICU and re-
moved a potential code event from
study outcome was unknown. More-
over, follow-up in prior adult studies
was often months in duration and did
not adjust for seasonal variations in
event rates.''* In addition, prior stud-
ies of rapid response teams conducted
analyses that simply compared aggre-
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gate incidence of codes and deaths prior
to the rapid response team interven-
tion and after the rapid response team
intervention.” ' 13:1*17.18 Thig ap-
proach does not account for secular
trends; therefore, the benefit of rapid
response teams on adult inpatients may
have been overestimated. This is par-
ticularly important when considering
the effect of rapid response teams on
mortality, in which significant strides
in the care of coronary artery disease
and heart failure have led to dramati-
cally lower mortality over the past de-
cade.”?® With these considerations in
mind, we designed a study with long-
term postintervention follow-up and
identical preintervention and postinter-
vention periods, assessed both hospital-
wide code rates and mortality, and ad-
justed for preintervention secular
trends. In performing such a rigorous
assessment, we found that implemen-
tation of a rapid response team was not
associated with lower rates of either
hospital-wide codes or mortality.
Limited studies exist on the effect of
rapid response team implementation on
mortality among adult inpatients, and
their results have been mixed and in-
conclusive,"">*® including conflicting re-
sults from 2 short-term randomized
trials,'*?! in which potential contamina-
tion in the control group in 1 study was
reported (eg, ICU nurses performed in-
formal rapid response team evaluations
outside the ICU).?! We were able to de-
termine in our high-acuity tertiary care
hospital, representing a high case-mix,
that there were few missed opportuni-
ties for rapid response team involve-
ment. Indeed, even if the potential cases
of rapid response team undertreatment
or underuse were avoidable events, the
potential 18 deaths that could have been
averted would not have meaningfully
changed the association between rapid
response team implementation and hos-
pital-wide mortality in this study. These
findings underscore the challenges for
implementing a successful rapid re-
sponse team intervention that not only
improves intermediate outcomes, such
as code rates, but also has downstream
effects on hospital-wide mortality.

2512
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There are several potential explana-
tions as to why the decrease in non-
ICU code rates seen on secondary analy-
ses did not translate into a decrease in
the hospital-wide mortality rate. First, al-
though we found that code rates in the
ICU were similar between comparison
periods (ie, rapid response teams did not
just triage sick patients to the ICU who
subsequently coded), it is possible that
patients who developed cardiopulmo-
nary arrest after rapid response team
implementation were more likely to die
because rapid response teams may have
simply decreased code rates in patients
who would have otherwise survived a
code without their intervention. How-
ever, this is unlikely because we found
that case-fatality rates after cardiopul-
monary arrest were similar prior to and
after the intervention. A second possi-
bility is that patients triaged to the ICU
by the rapid response team received clini-
cal care under heightened surveillance.
Asaresult, a sizable proportion of those
transferred by the rapid response team
may have died in the ICU without for-
mal code activation because these pa-
tients were already receiving greater clini-
cal attention.

A third possibility is that a sizable
number of patients who survived their
initial rapid response team interven-
tion subsequently obtained DNR sta-
tus during their hospital stay. This is
supported by the fact that of the 70 pa-
tients who subsequently died after rapid
response team intervention, 46 of these
deaths occurred among 73 patients who
obtained DNR status during or after
rapid response team activation. Based
on a code case-fatality rate of 78% prior
to the rapid response team interven-
tion, this suggests that as many as 59
more hospital-wide codes would have
occurred postintervention if these pa-
tients had not obtained DNR status.
These findings suggest that rapid re-
sponse teams may not be decreasing
code rates as much as catalyzing a com-
passionate dialogue of end-of-life care
among terminally ill patients. This abil-
ity to improve end-of-life care may be
an important benefit of rapid response
teams, particularly given the difficul-

ties in prior trials to increase rates of
DNR status among seriously ill inpa-
tients** and potential decreases in re-
source use. Nevertheless, whether the
resources and training to establish rapid
response teams is the optimal ap-
proach to improving end-of-life care is
unknown.

Finally, given greater efforts in ad-
vanced care planning, it also is possible
that a larger proportion of patients in the
postintervention period had DNR sta-
tus at admission. Because we did not pro-
spectively collect data on DNR status for
our study population of nearly 50 000 pa-
tients, both at hospital admission or es-
tablished during an admission, we could
not discriminate between these possi-
bilities. However, if there was indeed a
larger proportion of patients who had
DNR status at admission during the post-
intervention period (which we believe is
likely), limiting our analysis to only those
patients who did not have DNR status
may create a selection bias in favor of a
mortality benefit with rapid response
team implementation, given that the sick-
est patients would have preferentially ob-
tained DNR status and would have been
excluded from the mortality analyses
during the postintervention period.

There are also a variety of outstand-
ing issues with rapid response teams that
remain unanswered. First, the compo-
sition of rapid response teams is not stan-
dardized and varies among hospitals. In
our study, the rapid response teams were
led by experienced ICU nurses, with phy-
sician input when indicated. There did
not appear to be evidence of significant
rapid response team undertreatment or
underuse with a nonphysician-led rapid
response team in this study, and com-
parative studies of nurse-led vs physician-
led rapid response teams have not been
performed.

The optimal triggers for rapid re-
sponse team activation also have not
been rigorously determined. To date,
no study has systematically defined the
prevalence or types of physiological
parameters that presage in-hospital
deaths to assess what key characteris-
tics should trigger rapid response team
activation. Moreover, whether auto-
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mated monitoring of inpatients may be
more efficient than rapid response
teams in identifying patients with clini-
cal deterioration is unknown. Lastly, the
cost-effectiveness of rapid response
teams has not been studied. Given our
study findings and current gaps in
knowledge, more research is needed to
establish the overall effectiveness, cost-
effectiveness, composition, and opti-
mal implementation of rapid response
teams. Hospitals may therefore wish to
exercise restraint and invest limited per-
sonnel and financial resources into
quality-improvement programs with
more established efficacy.

Our study should be interpreted in the
context of the following limitations. Our
study was a cohort study using a histori-
cal control. Although we adjusted for
temporal trends in code rates and mor-
tality rates prior to the intervention, we
may not have fully adjusted for secular
trends or other quality-improvement ef-
forts in our hospital that may have in-
fluenced study outcomes after the rapid
response team intervention. Given the
negative findings in our study and steady
improvements in quality of care nation-
ally, such adjustments would be un-
likely to establish a benefit with rapid re-
sponse teams. As previously discussed,

IMPLEMENTATION OF A RAPID RESPONSE TEAM

we did not have data on DNR status for
our entire study population, both at hos-
pital admission or established during an
admission, which may have limited our
ability to detect a mortality benefit.

In addition, our study was slightly un-
derpowered (78% power) to detect a sig-
nificant mortality difference, but given
the estimate of effect and a relatively nar-
row 95% CI (OR, 0.95 [95% CI, 0.85-
1.11]), itis unlikely that our study failed
to detect an association between the rapid
response team intervention and mortal-
ity. In fact, we determined in post hoc
power calculations that we would have
needed a preintervention and postinter-
vention population of 148 000 patients
during each period to have 80% power
to detect, at a 2-sided significance level
of .05, a 5% reduction in mortality. Lastly,
although our study follow-up was one
of the longest to date, and although there
were more events in this study than in
most prior studies, our findings reflect
a single institution experience and may
not be generalizable to other adult hos-
pitals or rapid response team programs.

CONCLUSION

Implementation of a rapid response team
in our tertiary care adult hospital was not
associated with lower rates of either hos-

pital-wide cardiopulmonary arrests or
mortality. Because of the lack of robust
outcomes after the rapid response team
intervention, well-designed multi-
center adequately powered random-
ized controlled trials with sufficiently
long follow-up should be considered to
rigorously evaluate the efficacy of rapid
response teams prior to endorsing their
widespread implementation.
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