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Research

Cardiopulmonary arrest and mortality
trends, and their association with rapid
response system expansion

erious adverse events such as

cardiac arrests and prevent-

able deaths are common in
acute hospitals, 2 with a conservative
estimate of 200000 inhospital cardio-
pulmonary arrests (IHCAs)? and up to
98000 potentially preventable deaths
each year in the United States.! Many
IHCAs and unexpected deaths3 are
preceded by physiological instability
and deteriorating vital signs for some
hours before the event. Accordingly,
they are potentially preventable. A rap-
id response system (RRS) consists of
an afferent arm to identify deteriorat-
ing hospital patients, and an efferent
arm to respond to such deterioration
by rapidly deploying a team led by a
physician or a nurse with appropri-
ate critical care skills. The RRS was
introduced to prevent serious adverse
events such as ICHA and unexpected
death.4

RRSs have now been implemented
in many hospitals worldwide.5 There
has been evidence for the effective-
ness of RRSs from before-and-after
studies,é7 multicentre studies8? and
systematic reviews.>10 However, fur-
ther level 1 evidence will be difficult
if not impossible to achieve, due to
the challenging ethics of randomly
allocating patients into those receiv-
ing early or delayed intervention, the
ubiquitous nature of RRSs in many
parts of the world, and methodologi-
cal difficulties of randomising hospital
clusters.

Population-based studies have
been used to measure the associated
change in patient outcomes across a
region following system implementa-
tion, such as in trauma systems.11,12
A population-based study, therefore,
may provide a real-world perspec-
tive on the change in major outcomes
such as IHCA and hospital mortality
during a period of RRS implementa-
tion among hospitals across a health
service region. The aim of this study
was to examine the change in IHCA
incidence, IHCA-related mortality and
hospital mortality rates among acute

Obijectives: To understand the changes in the population incidence of inhospital
cardiopulmonary arrest (IHCA) and mortality associated with the introduction of

rapid response systems (RRSs).

Design, setting and participants: Population-based study of 9221138 hospital
admissions in 82 public acute hospitals in New South Wales, using data linked to
a death registry, from 1 January 2002 to 31 December 2009.

Main outcome measures: Changes in IHCA, IHCA-related mortality, hospital
mortality and proportion of IHCA patients surviving to hospital discharge.

Results: RRS uptake increased from 32% in 2002 to 74% in 2009. This increase
was associated with a 52% decrease in IHCA rate, a 55% decrease in IHCA-
related mortality rate, a 23% decrease in hospital mortality rate and a 15%
increase in survival to discharge after an IHCA (all P< 0.01). The adjusted
absolute reductions in IHCA-related mortality and hospital mortality were 1.49
(95% CI,1.30-1.68) and 4.05 (95% Cl, 3.17-4.76) patients per 1000 admissions,
respectively. The decrease in IHCA incidence rate accounted for 95% of the
reduction in IHCA-related mortality. In contrast, the increase in IHCA survival
accounted for only 5% of the reduction in IHCA-related mortality.

Conclusions: During nearly a decade, as RRSs were progressively introduced,
there was a coincidental reduction in IHCA, IHCA-related deaths and hospital
mortality and an increased survival to hospital discharge after an IHCA. Reduced
IHCA incidence, rather than improved postcardiac arrest survival, was the main
contributor to the reduction in IHCA mortality.

hospitals within a large health juris-
diction in Australia, during a period
of RRS expansion.

Study design and sample

Between 1January 2002 and 31 December
2009, there were 84 acute public hospitals
in New South Wales (total population,
7.3 million). We excluded two children’s
hospitals, patients younger than 14 years
of age and studied the remaining 82 acute
public hospitals (9221138 admissions).
This study was approved by the New
South Wales Population and Health
Services Research Ethics Committee
(LNR/11/CIPHS/64).

Patient outcomes and other related
variables were derived from the NSW
Admitted Patient Data Collection
database, which includes the demo-
graphic and diagnostic information
of each public and private hospital
admission episode. All admissions
to the study hospitals were linked to
the NSW Registry of Births, Deaths
and Marriages through the Centre
for Health Record Linkage, which

generated the unique de-identified
person key for both datasets and for-
warded the person key to the data
custodians who provided the study
investigators with the relevant data
items. Two statewide telephone-based
surveys (one in November 2007 and
one in May 2013) and one web-based
survey (October to December 2012)
were conducted to ascertain the date of
RRS implementation for every hospi-
tal. An RRS was defined as any system
that had a clear objective in identifying
and responding to the deteriorating
hospital inpatients. A flowchart of the
data-inclusion process is presented in
Appendix 1; online at mja.com.au.

Study outcomes

The primary study outcomes were
(i) THCA incidence rate: the number
of IHCAs divided by total number of
admissions (including same-day ad-
missions); (ii) IHCA-related mortality:
the number of deaths among those pa-
tients who suffered an IHCA divided
by the total number of admissions; and
(iii) hospital mortality rate: the number
of deaths divided by total number of
hospital admissions.
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1 Trends for inhospital cardiopulmonary arrest (IHCA), 2002—-2009

2002 2003 2004 2005 2006 2007 2008 2009 P*
IHCA incidence ratef 372 334 297 27 2.51 246 212 1.85 <0.001
IHCA mortality ratet 27 242 210 1.91 1.81 176 1.47 1.26 <0.001
Hospital mortality ratef 17.63 1718 17.03 15.91 15.29 15.46 15.47 14.36 <0.001
IHCA patients surviving to discharge 272%  276%  291% 29.6% 279% 28.4% 30.8% 32.3% 0.002
1-year postdischarge mortality after IHCA 5.4% 5.1% 3.9% 4.6% 3.7% 4.3% 3.0% 5.6% onz
*For linear trend. t Per 1000 admissions. *

The secondary study outcomes were
(i) the proportion of IHCA patients
surviving to discharge: the number
of patients who survived to hospital
discharge divided by total number of
IHCA patients; and (ii) 1-year postdis-
charge mortality of IHCA patients: the
number of deaths within 1-year after
discharge alive from hospital among
IHCA patients.

Death was defined as a patient
documented as deceased within the
Admitted Patient Data Collection
database.

A cardiopulmonary arrest was iden-
tified from the International statistical
classification of diseases and health re-
lated problems, 10th revision, Australian
modification (ICD-10-AM) and defined
as a state of pulselessness (I46) and/
or cessation of breathing (R09.2) that
required cardiac massage, defibrilla-
tion or artificial ventilation.

A patient coded as 146 or R09.2 in
any of the 54 non-principal diagnostic
fields, but not coded for these as the
principal diagnostic field, was defined
as having had a cardiopulmonary ar-
rest during hospitalisation. This pro-
cess aimed to differentiate IHCA
patients from patients admitted after
an out-of-hospital cardiopulmonary
arrest. NSW has implemented ICD-
10-AM since 1998. Each NSW acute
public hospital has accredited coders
who code data based on the patient
charts. There were no changes for rel-
evant diagnostic definitions and cod-
ing during the study period.

Statistical analysis

To evaluate changes in baseline
characteristics by calendar year, we
applied logistic regression, multino-
mial logistic regression and linear
regression modelling for binary, cat-
egorical and continuous variables. To
assess changes in each outcome over
time, we assessed a linear trend for
crude rates after excluding possible
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quadratic effect, using the study year
as a continuous variable. We derived
an adjusted trend for each outcome
variable including calendar year as a
categorical variable (with 2002 as the
baseline reference year). We specified
a Poisson distribution to directly esti-
mate rate ratios instead of odds ratios
in the models.1¥ A Huber—-White sand-
wich estimator was used to account for
hospital cluster effect. The adjusted
rate ratio for each year (2003-2009)
was multiplied by the observed rates
for the reference year to obtain yearly
risk-adjusted rates. These rates repre-
sent the estimated rates for each year
if the patient case mix was identical to
that in the reference year. In the ad-
justed model, we included year, age
groups, sex, marital status, country of
birth, socioeconomic status, geological
area of hospitals (urban versus rural)
and major hospital peer groups. We
examined baseline risk groups with
the Elixhauser method and patient co-
morbidities with the Charlson index
based on ICD-10-AM coding.1> We
examined the relationship between
increased uptake of RRSs over the pe-
riod studied and changes in rates of all
study outcomes using Pearson correla-
tion after assessing the linearity of all
trends. We did not include baseline
risk groups and the Charlson index
in the adjusted model given recent re-
porting of potential biases introduced
by these methods.16 A P value <0.01
was used to indicate statistical signifi-
cance. All the analyses were conducted
using Stata version 12 (StataCorp).

Mean age increased and the propor-
tion of female patients decreased over
the study period (Appendix 2; online
at mja.com.au). We observed a sig-
nificant increase in the proportion of
patients with renal failure, but a de-
crease in the proportion of patients

with malignancy and chronic pulmo-
nary diseases. No significant changes
occurred in patients with cardiac ar-
rhythmia, congestive heart failure, de-
pression and metastatic solid tumours.

There was a consistent and sig-
nificant secular trend in all hospitals
toward a decrease in both crude and
adjusted rates of IHCA, IHCA-related
mortality and hospital mortality
over the study period (Box 1, Box 2)
(Appendix 3; online at mja.com.au).
The adjusted rate reduction for IHCA
was 1.93 (ie, 3.72 — 1.79) patients per
1000 admissions (risk ratio [RR], 0.48;
95% CI, 0.42-0.55; P<0.001) between
2002 and 2009. The adjusted rate re-
duction in IHCA-related mortality was
1.49 (e, 2.71 — 1.22) patients per 1000
admissions (95% CI, 1.30-1.68) (RR,
0.45; 95% CI, 0.38-0.52; P<0.001). This
accounted for 36.8% of the adjusted
hospital mortality reduction: 4.05 pa-
tients (ie, 17.63 — 13.58) per 1000 ad-
missions (95% CI, 3.17-4.76) (RR, 0.77;
95% CI: 0.73-0.82; P<0.001).

The adjusted proportion of IHCA pa-
tients surviving to hospital discharge
increased in all hospitals from 27.2%
to 31.3% over the study period (4.1%;
RR, 1.15; 95% CI, 1.02-1.29) (Box 3)
(Appendix 3; online at mja.com.au). In
20009, the overall reduction in mortal-
ity due to decreased mortality after
THCA was 0.073 (4.1% x1.79) deaths
per 1000 admissions. Such reduction
accounted for only 1.8% (0.073/4.05) of
total hospital mortality improvement
and only 4.9% (0.073/1.49) of total im-
provement in IHCA-related mortality.
The proportion of IHCA patients who
were still alive 1 year after suffering an
IHCA fluctuated around 5%.

Before 1 January 2002, 19 (23.2%)
of 82 hospitals had an RRS. The pro-
portion of the study hospitals having
an RRS progressively increased from
26 (31.7%) in 2002 to 61 (74.4%) in
2009. There was a close association
between the proportion of hospitals



2 Risk-adjusted incidence rates of inhospital cardiopulmonary arrest (IHCA),
IHCA-related mortality and hospital mortality, and proportion of hospitals with
arapid response system (RRS), 2002—-2009
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3 Risk-adjusted proportion of inhospital cardiopulmonary arrest (IHCA) patients
surviving to hospital discharge and 1-year postdischarge mortality after IHCA,

2002-2009
35%
30% | W
25%
S
£ 20%
o ——IHCA survival to discharge
g 15% —3-1-year postdischarge mortality after IHCA
10% +
5% |- D\DW\D/D
O L L 1 1 1 1 1 J
2002 2003 2004 2005 2006 2007 2008 2009
Year

with an RRS and the adjusted IHCA
rate (— 0.95; P<0.001); the adjusted
IHCA-related mortality rate (- 0.95;
P<0.001); and the adjusted hospital
mortality rate (— 0.94; P<0.001). There
was a positive association between im-
plementation of an RRS and the pro-
portion of IHCA patients surviving to
discharge (0.84; P=0.009) but no asso-
ciation with 1-year postdischarge mor-
tality among IHCA patients (- 0.19;
P=0.65) (Box 2, Box 3).

We found that the proportion of hos-
pitals with an RRS more than doubled
over the 8-year study period across 82
acute NSW hospitals. Over the same
period, there was also >50% reduc-
tion in the IHCA incidence rate; >50%
reduction in IHCA-related mortality;

23% overall reduction in hospital mor-
tality; and 4% increase in the propor-
tion of IHCA patients who survived
to discharge. However, there was no
change in 1-year postdischarge mor-
tality among IHCA patients. Moreover,
the reduction in IHCA incidence rate
and the increase in IHCA survival
accounted for 95% and 5% of the
IHCA-related mortality reduction,
respectively.

The significant improvement in
IHCA rate shown in the current
study while RRS services were being
expanded is broadly consistent with
that reported in a recent meta-analysis
supporting the external validity of our
findings.5 Our study also demonstrat-
ed a reduction in adult IHCA-related
mortality of 1.49 per 1000 admis-
sions. This finding is consistent with
reports from two cluster randomised

controlled trials#17 and most observa-
tional before-and-after studies,® but is
in contrast with the findings of a recent
meta-analysis.? This discrepancy may
be due to methodological limitations
within the meta-analysis, such as mis-
taking data on “unexpected deaths”
as overall mortality when including
outcomes from the largest previous
RRS study.!8 Our finding that the pro-
portion of IHCA patients surviving
to discharge improved over the study
period is also consistent with previous
findings.1?

Despite initial enthusiasm and re-
sources devoted to patient safety, the
influence of patient safety initiatives
has been slow and disappointing,20
with little demonstrable impact on
patient outcomes such as mortal-
ity.2t An RRS is a different approach
to patient safety in acute hospitals.
The implementation process involves
changes across the health service sys-
tem aimed at improving patient safety.
The compelling intuitive appeal and
local acceptance of RRSs have driven
their expansion in hospitals around
the world.

Based on our findings, and assum-
ing RRS implementation trends and
changes in IHCA and hospital mortal-
ity rates similar to those of our study,
the estimated number of lives saved
due to the reduction in annual IHCA-
related mortality would be over 12800
in Australia in 2011 compared with
2002.22 To provide a context for such
notional improvement, the overall
yearly mortality of other conditions
for which preventive strategies are
applied such as lung, bowel, pros-
tate and breast cancer is well below
such numbers. Similarly, assuming an
IHCA incidence of 200000 per year,
with a 20% survival rate, 80000 cardiac
arrest-associated deaths might poten-
tially be prevented each year in the US.

Previous research around cardiac
arrests has largely been devoted to
identifying and implementing more
effective ways of delivering cardiopul-
monary resuscitation (CPR).2 Despite
many years of research and the enor-
mous cost of delivering CPR services,2
there has been slow and limited im-
provement in outcome.? In contrast,
we have shown that the prevention of
IHCA resulted in 95% of the reduction
in IHCA-related mortality, suggest-
ing the importance of concentrating

Research
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our efforts and funding on systems
to prevent arrests.

Rapid response teams issue more
not-for-resuscitation (NFR) orders
than conventional cardiac arrest
teams.? Thus, implementing an RRS
may artificially improve IHCA-related
outcomes by excluding patients with
an NFR order. If this were the case,
a decrease in IHCA should be asso-
ciated with unchanged or increased
overall hospital mortality. In contrast,
our study found a simultaneous im-
provement in all outcome indicators,
including hospital mortality. This
finding challenges speculations that
implementing an RRS may introduce
unintended and adverse systematic
distortions in patient management.
The stable trend of 1-year postdis-
charge mortality suggests that there
was no increased proportion of I[HCA
patients with an NFR order who were
discharged to die in the community
over the study period. As expected,
the unchanged 1-year mortality also
implies that RRSs do not improve the
long-term health outcomes of patients
who survive an IHCA.

This is the first population-based
study of the implementation of an RRS
spanning almost a decade. It used a
well established definition of IHCA
based on an existing large dataset. The
outcomes measured, such as IHCAs
and hospital deaths, were robust and
standardised across the jurisdiction,
generalisable and ascertained by in-
dependent professional coders. For the
first time in RRS-related studies, the
1-year postdischarge mortality after
IHCA was estimated through a pop-
ulation-based data linkage. Further,
the study showed the feasibility of as-
sessing complex system interventions
at the population level and provides
a set of outcome indicators that can
be used to track hospital performance
and safety.

Our study has limitations. First, it is
an observational study and, as such,
we cannot assume any causality for the
relationships identified. In addition,
we cannot exclude a beneficial effect
on outcomes from other patient safety
initiatives or secular trends in hospital
performance. Also, we cannot rule out
the possibility that the increased use
of advanced cardiological medical and
interventional treatments during the
past decade might have contributed
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to the reduction of both IHCA in-
cidence and related mortality. Our
results would benefit from confirma-
tion in other studies. However, there
were no other state-wide initiatives
specifically targeted to the prevention
of IHCA during the study period. To
our knowledge, there were no other
major changes in the way health care
was delivered in hospitals over the
study period. For example, the state’s
hospitals remain staffed by specialist
physicians and patient care has not
moved to a hospitalist or acute gen-
eral physician model. There was little
change in community management
of patients who may be at the end of
life, to perhaps change the nature of
the hospital population. Nor was there
any major uptake of electronic patient
records during that period. Finally, we
did not explore the individual impact
of the various hospital RRS imple-
mentation strategies or of RRS team
composition and structure.

In summary, our study provides a
population-based estimate, in a large
health care jurisdiction, of the IHCA
and hospital mortality trends dur-
ing a period of RRS implementation.
We found a significant association
between the 50% reduction in both
IHCA and IHCA-related mortality
and the more than doubling in RRS
uptake. Moreover, we found that the
decrease in IHCA-related mortality
was due to prevention and not to ad-
vances in cardiopulmonary arrest re-
suscitation. This study highlights the
utility of population-based studies
in examining secular changes in pa-
tient outcomes, their association with
changes in patient safety systems over
time, and the importance of report-
ing performance measures related to
prevention of IHCAs when evaluat-
ing interventions targeted at reducing
IHCA-related mortality.
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