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ABSTRACT:

Background This study aimed to assess the impact of

a standardised rapid response systems (the Between the
Flags (BTF)) implemented across New South Wales (NSW),
Australia, among female patients.

Methods We conducted an interrupted time series (2007—
2013) population-based linkage study including 5114170
female patient (>18 years old) admissions in all 232 public
hospitals in NSW. We studied changes in levels and trends
of patient outcomes after BTF implementation among four
age groups of female patients.

Results Before the BTF system introduction (2007—-2009),
for the female patients as a whole, there was a progressive
decrease in rates of in-hospital cardiopulmonary arrest
(IHCA), IHCA-related mortality and hospital mortality for
female patients. However, there were no changes in deaths
in low-mortality diagnostic-related groups (DOLMDRGS),
IHCA survival to discharge and 1-year post-discharge
mortality after surviving an IHCA. Only the female patients
aged 55 years and older showed the same results as the
whole sample. After the BTF programme (2010-2013), the
same trends (except for DLMDRG) continued for female
patients as a whole and for those aged 55 years or older.
There was a significant reduction in DLMDRG among
female patients aged 35-54 years (p<0.001), those aged
75 years and over (p<0.05) and female patients as a
whole (p<0.05). The decreasing secular trend of surviving
an IHCA to hospital discharge before the BTF system
(p<0.05) among patients aged 18-34 years old was
reversed after the BTF implementation (p<0.01).
Conclusions For female patients the BTF programme
introduction was associated with continued reductions

in the rates of IHCA, IHCA-related mortality and hospital
mortality, as well as a new reduction in DLMDRG for 35-54
years old patients and those aged 75 years and older, and
increased survival for those aged 18—34 years who had
suffered an IHCA.

BACKGROUND

Rapid response systems (RRSs) that aim
to provide timely intervention for deterio-
rating patients have been implemented in
hospitals across the world. Systematic reviews
provide support for RRS effectiveness' * while
acknowledging methodological limitations
in observational before and after studies. A

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is inconsistent evidence of the effectiveness
of rapid response systems (RRS) on reducing pa-
tient mortality and other adverse events for general
adult inpatient populations. There was no published
effectiveness evidence of RRS among different age
groups of female inpatient populations.

WHAT THIS STUDY ADDS

= This study provided comprehensive evidence of
the impact of a standardised RRS on different age
groups of female populations.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study showed significant impact of a standard-
ised RRS in a large jurisdiction in improving female
patient outcomes. Such results should be confirmed
by other research in different jurisdictions with dif-
ferent RRSs. The targeted research on the impact
of obstetrical and maternal RRS is urgently needed.

recent large study showed the positive effect
of implementing a standardised RRS (ie,
the Between the Flags (BTF) programme)
in Australia in reducing the incidences of
in-hospital cardiopulmonary arrests (IHCA),
IHCA-related mortality and the deaths in
low-mortality ~ diagnostic-related  groups
(DLMDRG).®> While the concept of obstet-
rical RRS has been intlroduced,4 no studies
have explored the potential effects of imple-
menting RRSs on the female patient. Evidence
suggests that female patients are more likely
to have worse outcome for certain condi-
tions such as complex endovascular aortic
repair,” acute coronary syndrome,’ acute
myocardial infarction”® when compared with
male patients. Moreover, female patients
were reported having significant worse
outcomes”™! including when in their repro-
ductive age (ie, 18-49)"* in out-of-hospital
cardiac arrests, than male patients. However,
a recent systematic review'” also reported that
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female patients had better prognostic outcomes after
suffering from IHCA.

In 2010, the Clinical Excellence Commission (CEC) in
New South Wales, Australia, developed standardised poli-
cies and procedures for deteriorating patients and imple-
mented the statewide RRS system (BTF programme) in
all 232 state public hospitals. The implementation process
received support from government, health administrators
and clinicians. This was the first standardised RRS imple-
mented across a large health jurisdiction in the world,
at the time. One of the very unique features of the BTF
programme is that it had developed specific standardised
charts for paediatric, maternity and emergency depart-
ment patients, respectively.'* ' Moreover, as physiological
clinical observations such as vital signs are different in
pregnant women compared with non-pregnant women
as are abnormal thresholds," the CEC developed its own
obstetrical observation chart. Despite that the BTF was
shown to have an impact on patient outcomes for whole
study population,® significant interaction effects across
gender and age groups have been identified in the subse-
quent analyses.

Given the different physiology among different women
age groups, the lack of effectiveness evidence on a
specific type of BTF (BTF in obstetrical patients) and the
existence of significant gender interaction effect on BTF
outcomes, in this subgroup study, we set out to investigate
the impact of implementing an RRS on the outcomes of
adult female patients, of different age groups.

METHODS

Development and implementation of the BTF programme
The detailed development and implementation process
have been described previously."* ° In short, the CEC
developed a five-component strategy including: (1) a
standardised documentation and response observation
chart to be used in every hospital with criteria for defining
two groups of deteriorating patients: (a) an atrisk but
less urgent (‘yellow zone’) group and (b) an (urgent ‘red
zone’) group (Supplemental Digital Content—online
supplemental appendix 1); (2) a standardised response
to deteriorating patients (including minimum skills of
the responder and a minimum response time); (3) a
governance structure with the chief executive officer
of each institution responsible for implementing the
programme; (4) an educational programme aimed at all
hospital staff; and (5) a minimum data set to track the
effectiveness of the programme. Preparation began in
2009 and the programme was launched in January 2010.
The BTF programme released the New South Wales
(NSW) Standard Maternity Observation Chart (SMOC,
for women over 20 weeks gestation) in 2012 and cut-off
calling criteria through a thorough literature review and
nationwide consultation with clinical expert groups. The
chart and calling criteria were piloted in hospitals prior
to implementation across all NSW hospitals. The obser-
vation chart includes respiratory rate, SpO,%, oxygen

requirement, systolic blood pressure, diastolic blood pres-
sure, heart rate, neurological status (ACVPU: A=Alert,
C=new confusion/change in behaviour, V=Rousable by
voice (collected through Glasgow Coma Score (GCS)),
P=Rousable only by pain (collected through GCS), U=Un-
responsive), temperature, pain, cumulative blood loss
value, blood glucose level and urinalysis results (online
supplemental appendix 1)."

Study design and sample

We adopted a modified interrupted time series
design (ITS) /segmented regression modelling approach'®
to assess the change in patient outcomes before and after
the implementation of BTF among adult women patients
(>18 years old). We included all individual patient admis-
sion data in the analyses (in contrary to the conventional
data management strategy to aggregate the outcome
according to the time units). Such an approach enables
the adjustment for both individual patient’s and ecolog-
ical confounding variables in the final analytical model
and also includes explicit modelling of seasonal effects
and avoids the necessity in adjusting for autocorrelation as
required in the aggregated data setting. All other aspects
of the approach still follows the analytical principle and
interpretation of interrupted time series design.'”'” The
total number of public hospitals in the state of NSW,
Australia (population: 7.3 millions), between 1 January
2007 and 31 December 2013 was 232. Patient outcomes
and other related variables were derived from the NSW
Admitted Patient Data Collection (APDC) database,
which includes demographic and diagnostic information
for 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 of Health Record Linkage, NSW Ministry
of Health. This linked data made it possible to derive
l-year post-discharge mortality of patients who suffered
an IHCA. This outcome is to ascertain whether there are
unintended consequences of increased post-discharge
mortality among female patients who suffered an IHCA.

Patient and public involvement statement

The design and analysis were also benefitted from the
collaborations with related policymaking institutes (such
as Clinical Excellence Commission of NSW) and their
associated patient and consumer groups.

Study outcomes

The primary study outcomes were: (1) IHCA rate: the
number of IHCA divided by total number of admissions
(including same-day admissions); (2) IHCA-related
mortality rate: the number of deaths among those
patients who suffered an IHCA divided by the total
number of admissions; (3) Hospital mortality rate: the
number of hospital deaths divided by total number of
hospital admissions; (4) Survival of IHCA to discharge:
percentage of those whom survived an IHCA to discharge;
(5) DLMDRG: the incidence of death in low-mortality
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Table 1 The demographic characteristics of female patients before and after the implementation of the Between the Flags
programme

Before Run-in After
2007/2008 2009/2010 2011/2013 P values
n=1370305 (%) n=1424615 (%) n=2319250 (%)
Age groups <0.001
18-34year 323562 (23.6) 319592 (22.4) 506685 (21.8)
35-54 year 306689 (22.4) 320029 (22.5) 503044 (21.7)
55-74 year 377574 (27.6) 401008 (28.1) 667649 (28.8)
>75year 362480 (26.5) 383986 (27.0) 641872 (27.7)
Marital status <0.001
Married/de facto 691549 (50.5) 720248 (50.6) 1179886 (50.9)
Never married 213168 (15.6) 222279 (15.6) 374129 (16.1)
Widowed 306753 (22.4) 316289 (22.2) 491515 (21.2)
Divorced/separated 132082 (9.6) 146002 (10.2) 250895 (10.8)
Unknown 26753 (2.0) 19797 (1.4) 22825 (1.0)
Country of birth <0.001
Australian and New Zealand 987752 (72.1) 1011171 (71.0) 1623448 (70.0)
UK, USA and Canada 72571 (5.3) 74564 (5.2) 116788 (5.0
Non-English Europe 111220 (8.1) 119760 (8.4) 193152 (8.3)
North Africa and Middle East 47544 (8.5) 54431 (3.8) 90559 (3.9)
Asia 95799 (7.0) 107517 (7.5) 191022 8.2)
Others 46686 (3.4) 50612 (3.6) 94214 4.1)
Unknown 8733 (0.6) 6560 (0.5) 10067 (0.4)
SEIFA* <0.001
First quartile 430045 (31.4) 448612 (31.5) 726292 (31.3)
Second quartile 377729 (27.6) 396914 (27.9) 651454 (28.1)
Third quartile 324898 (23.7) 337473 (23.7) 550908 (23.8)
Fourth quartile (most advantaged) 217618 (15.9) 227230 (16.0) 375204 (16.2)
Unknown 20015 (1.5) 14386 (1.0) 15392 (0.7)
Residence area 0.463
Metropolitan 848279 (62.8) 889977 (63.1) 1464587 (63.6)
Rural and regional 478856 (35.5) 496026 (35.2) 799406 (34.7)
Other areas outside New South Wales 23405 (1.7) 24376 (1.7) 39671 (1.7)
Private health insurance 0.275
No private insurance 1044064 (78.4) 972078 (76.5) 1667897 (75.3)
Full cover 133994 (10.1) 135225 (10.6) 249231 (11.3)
Basic cover 122533 9.2) 135289 (10.7) 253691 (11.5)
Unknown 31527 (2.4) 27362 (2.2) 43827 (2.0)
Hospital peer groupt 0.007
A 659938 (48.2) 691073 (48.5) 1115410 (48.1)
B 391322 (28.6) 415597 (29.2) 696619 (30.0)
(¢} 224791 (16.4) 224755 (15.8) 367764 (15.9)
D 45346 (3-3) 42250 (3.0 62558 (2.7)
F 48908 (3.6) 50940 (3.6) 76899 (3.3)

*SEIFA: Socio-Economic Indexes for Areas developed by Australian Bureau of Statistics.

TA: Principal Referral Group: Acute hospitals, treating 25000 or more acute casemix weighted separations per annum, with an average cost weight greater than 1.
B: Major hospitals: Acute hospitals, treating 10 000 or more acute casemix weighted separations per annum, but having less than 25 000 acute casemix weighted
separations or an average casemix weight of less than 1; or Acute hospitals treating 10 000 or more acute casemix weighted separations per annum that are located
in rural areas providing acute specialist and referral services for a catchment population from a large geographical area. C: District Group: Acute hospitals, treating
2000 or more, but less than 10 000 acute casemix weighted separations per annum. D: Hospitals treating less than 2000 acute casemix weighted separations per
annum. F: All other public health facilities including the subacute and residential care facilities.
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Figure 1 Age distributions of female patients across the

study years (2007-2013).

diagnostic-related groups (LMDRG) per 1000 LMDRG
admissions. As previously reported,18 the LMDRGs were
defined by combining all patients admitted under a DRG
with a mortality <0.5% in any of the previous 3 years'®; (6)
l-year post-discharge mortality after surviving an IHCA:
percentage of the deaths within lyear after discharge
alive from hospital among patients who suffered from
IHCA.

Death was defined as a patient documented as
‘deceased’ within the APDC database.

A cardiopulmonary arrest was identified from the
International Classification of Disease, V.10, Australian
Modification (ICD 10-AM, V.5.0-V.5.1) and defined
as a state of pulselessness (1.46) and/or cessation of
breathing (R09.2) which required cardiac massage,
defibrillation or artificial ventilation. A patient coded
as 1.46 or R09.2 in any of the 52 non-principal diag-
nostic fields, but not coded for these as the principal
diagnostic field, was defined as having had a cardio-
pulmonary arrest during hospitalisation. This process
aimed to differentiate patients who suffered an IHCA
from patients admitted after an out-of-hospital cardio-
pulmonary arrest. NSW implemented the ICD-10-AM
system in 1998. Each NSW public hospital has accred-
ited coders who code data based on the patient charts.
There were no changes for relevant diagnostic defini-
tions and coding during the study period.

Statistical analysis

To evaluate changes in baseline characteristics by calendar
year (grouped as before (2007-2009), run-in (2010) and
after (2011-2013) the implementation of the BTF), we
applied the Rao-Scott x* test which takes into account
the hospital cluster effect. To assess the possible interven-
tion effect of introduction of BTF, we used segmentation
regression to estimate the monthly outcome trends before
the programme (T1)and after the programme (T2), the
change in the trend (AT) after the BTF intervention and
the immediate level change in outcome after the interven-
tion (Int)."® Previously, we found significant interaction
effects between gender and post-BTF trend among the total
study population (n=9799 081 admissions) (eg, p<0.001 for
gender main effect and p=0.022 for the interaction effect

between gender and post-BTF trend for hospital deaths).
We also found significant interaction effects for age groups
of female patients (ie, 18-34 years; 35-54 years; 55—74
years; 275 years). Thus, in the current study, we studied
5114170 female adult patient (>18 years old) admissions
in all 232 public hospitals in NSW. We studied changes in
trends for annual rates of all study outcomes before and
after its introduction. We also explored the differential
impacts of the BTF on four age groups of female patients.
To assess changes in each outcome over calendar year,
we derived an adjusted trend for each outcome variable
including calendar year as a categorical variable (with 2007
as the baseline reference year). The time unit for the pre-
BTF and post-BTF trends was specified as the consecutive
month since the event. We specified a Poisson distribu-
tion to directly estimate rate ratios instead of ORs in the
models.'” A Huber/White Sandwich estimator was used
to account for hospital cluster effect for all regression
models.”” In the adjusted model, we included year, age
groups, marital status, country of birth, socio-economic
status (SES) (based on the Socio-Economic Indexes for
Areas developed by Australian Bureau of Statistics®'),
geographical area of hospitals (urban vs rural), private
health insurance status and major hospital peer groups.
We also included calendar months as indicator variables to
adjust for potential seasonal effect. We examined baseline
risk groups with the Elixhauser method and patient comor-
bidities with the Charlson Index based on ICD-10 coding.*”
We did not include baseline risk groups and the Charlson
Index in the adjusted model given recent reporting of
potential biases introduced by these methods.” The cases
with missing covariate values were excluded from the final
modelling. The proportion of cases excluded from the
modelling was 17.9% for l-year post-discharge mortality
after surviving an THCA and ranged between 6.3% and
8.6% for other fivestudy outcomes. We also provided
related predictive ITS curves for those results with signifi-
cant after-BTF trend changes.”* A p value of 0.05 was used
as indicative of statistical significance. All the analyses were
conducted using Stata V.16.0 (StataCorp, 2019, College
Station, Texas, USA). The authors had full access to the
data used in the analyses.

Given that the current study results showed significant
impact of BTF on reducing DLMDRG among 35-54 years old,
75 and older female patients, and increased ITHCA survival
of discharge among 18-34 years old female patients, we esti-
mated the lives potentially saved by BTF for these outcomes
based on a counterfactual base. We only estimated the lives
saved between 2011 and 2013 as 2010 was a running-in year
for all hospitals. The methodological details were presented
in online supplemental appendix 2. The REporting of studies
Conducted using Observational Routinely-collected health
Data (RECORD) statement checklist of items, extended from
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE), was presented in online supple-
mental appendix 3.
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Table 4 The outcome trends before the BTF and the trend changes after the BTF

Clinical outcomes 18-34years

35-54years

55-74years >75years Total

IHCA incidence: /1000 admissions
Trend since baseline (T1)

Change of trend since BTF (AT) - -

IHCA survival to discharge: %

Trend since baseline (T1) N -
Change of trend since BTF (AT) T -

Died within 1year of surviving an IHCA: %
Trend since baseline (T1)
Change of trend since BTF (AT)

IHCA mortality: /1000 admissions

Trend since baseline (T1) - -
Change of trend since BTF (AT) - -

Death in low mortality DRG: /1000 admissions

Trend since baseline (T1) - )
Change of trend since BTF (AT) - d

Hospital mortality: /1000 admissions

Trend since baseline (T1) - -
Change of trend since BTF (AT) - -

T: upward trend; {: downward trend; —: no change of trend.

BTF, Between the Flags; DRG, diagnostic-related group; IHCA, in-hospital cardiopulmonary arrest.

(figure 2) of predicted trends based on the modelling
results for three significant outcomes were also presented
that included pre-BTF trend, post-BTF trend and coun-
terfactual trend (ie, what would have happened if the pre-
BTF trend had continued).

Estimated lives saved between 2011 and 2013 due to
reduced DLMDRG and increased IHCA survival to discharge
after the BTF implementation

Overall, there were 1736469 LMDRG admissions between
2007 and 2013. The crude numbers and denominators
of DLMDRG across age groups were presented in two
supplementary tables (online supplemental tables S1,52).
The numbers of IHCA across age groups were presented
in online supplemental appendix table S3. Between 2011
and 2013, the extra lives saved were 327 (27% of 1197
deaths of DLMDRG in 75 years and older, online supple-
mental tables S1-S2), 44 (86% of 51 deaths of DLMDRG
in 35-54 years old) and 14 (10% of 140 IHCA deaths in
18-34 years old, online supplemental appendix table S3),
respectively. The total extra lives saved amounted to 385
between 2011 and 2013 for the participating hospitals.

DISCUSSION
Key findings
Our study, of female only hospital patients, found signifi-
cant progressive decreasing rates of IHCA, IHCA-related
mortality and hospital mortality and no change in rates
of IHCA survival to discharge and l-year mortality post

discharge after surviving an IHCA over the study period.
In contrast, there was a reduction of DLMDRG after the
implementation of the BTF among the whole female
patient sample, in particular those aged 35-54 years
old and patients aged 75 years or older. The declining
survival in IHCA to hospital discharge before the BTF
system among patients aged 18-34 years old was reversed
after the BTF implementation. In a conservative estimate,
385 lives were saved due to reduction in DLMDRG and
increased IHCA survival to hospital discharge between
2011 and 2013 among participating hospitals.

Comparison with previous studies

Our study results are consistent with the previous study
that evaluated the BTF effectiveness on all adult patients,”’
that is, the previous significant improvement of patient
outcomes such as the rates of ITHCA, IHCA-related
mortality and overall hospital mortality had continued
after universally adopting the BTF system in 2010 with a
background of voluntary uptake an RRS from 31.7% (in
2002) to 74.4% (in 2009)* among all public hospitals in
NSW. At the end of the study period, the incidence rate
of IHCA (ie, 0.98 per 1000 admissions) among female
patients were among the lowest reported (most reported
between 1 and 6 per 1000 admissions® *”). The incidence
rates of IHCA survival to discharge (39.8%) were higher
than the reported one-quarter in Australia and New
Zealand® and l-year post discharge survival after IHCA
in our study (ie, 34.8%=39.8%x87.5%) was also much
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higher than that (ie, 13.4%) reported in a recent system-
atic review including 40 studies.*® Our study showed that
the before—after differences of these outcomes had an
age gradient effect with the older age groups have larger
magnitude of improvement. For example, our study has
showed that the IHCA-related mortality has decreased by
25% in patients aged 18-34 years and by 62% in those
aged 75 years and over. Our study has also provided

detailed epidemiology on all these patient outcomes
before and after implementation of an RRS and could be
compared with other individual study or system reviews." >

The life-saving impact on DLMDRG among those
patients aged 35-54 years and patients aged 75 years and
over have not been reported anywhere else. The rates
of DLMDRG are potentially important as they repre-
sent a group of patients having simple diagnostics or
procedures where serious adverse events would not be
expected. Australian maternal deaths®™ which are part
of the DLMDRG were 8.5 per 100000 for women having
live births in 2016. Most of the leading causes of these
deaths included non-obstetric haemorrhage, cardiovas-
cular, thromboembolism and sepsis where deterioration
would have most likely been preceded by deterioration
of vital signs. Our study results have shown the positive
reduction of the DLMDRG among one of the higher
risk maternal death age group (ie, 35-54 years). In
contrast, in a recent systematic review which included
17 studies examining 16 different early warning systems
in obstetrics, only 1 before-after study™’, which included
200women who underwent emergency caesarean section
in a developing country, assessed the impact on maternal
deaths after implementing a National Early Warning
Score (NEWS) system. The study recorded no maternal
deaths both before and after the NEWS implementa-
tion given its relatively small sample size and short study
period. The significantly improved IHCA hospital survival
rate for those aged 18-34 years old female patients is also
unique. This result may be due to the proactive nature of
BTF that enabled earlier identification and treatment of
potential deterioration of the female patients among this

age group.

Study implications

Our study has shown a continuing improvement of
the leading patient outcome indicators among female
patients after the implementation of a standardised RRS
at scale across a large health jurisdiction. Our study also
showed significant differential age group effects both
for the incidences of the patient outcomes and the treat-
ment effects of BTF. The detailed epidemiology of these
outcomes across the different age groups before and
after the implementation of BTF provides important
benchmarks for other large health jurisdictions. More-
over, our study finding of reduced unexpected deaths
(ie, DLMDRG) raises important policy implications. The
WHO estimated 303000 maternal deaths occurred glob-
ally in 2015 at the end of the Millennium Development
Goals year.” Good quality care including timely identi-
fication and management of obstetrical complications
can contribute to reducing the burden of material deaths
and associated complications.” As a result, modified early
warning systems for the obstetric population have been
recommended and implemented across the world.* >
However, despite recommendations in implementing
an obstetric early warning system (OEWS), there were
no published studies demonstrating any effectiveness on
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reducing maternal deaths while most of the published
studies focused on the evaluation of the different OEWSs
for their predictive accuracies on different patient subpop-
ulations.* Interestingly, our study showed that a standard-
ised non-obstetrics specific and two-tiered RRS has saved
patient lives in a higher risk maternal death age group.
Similar to other general RRSs, the OEWSs lack agree-
ment on which vital signs, or combination of vital signs,
are predictive of material deterioration during and after
pregnancy.’ It is worth noting that the BTF programme
released the NSW SMOC (for women over 20 weeks gesta-
tion) during 2012 but the exact implementation time for
each participating hospital is yet to be confirmed. There
is also a paucity of understanding regarding the normal
maternal vital signs ranges for each stage of pregnancy,
labour and the postpartum period.”® No prior study
explored the incremental values of any OEWSs over
the widely adopted RRSs.”” Rather than more complex
scoring systems this study used a simple single criterion
for triggering a response. Other RRSs need to be rigor-
ously tested for their effectiveness.

Our study findings that the BTF had also reduced risk of
DLMDRG among those 75 years or older women patients
were worth further investigation. It was well-known that
older female patients were at higher risk of frailty™® and
other comorbidities such as diabetes, hypertension or
arthritis than men. Older women were also more likely
to suffer from Alzheimer’s disease, depression, urinary
tract infections® and falls that may lend themselves more
susceptible to further complications and mortality if
their deteriorations were not identified and responded
to earlier. Future studies may need to provide in-depth
understanding on this group of patients.

Strengths and limitations

Our study employed the linked databases from a large
health jurisdiction that was the first to implement a stand-
ardised rapid response system. To the best of our knowl-
edge, this is the first large study of its kind to evaluate
the impact of the rapid response system on women across
a 7-year time span. Given the lack of other evidence on
the differential effect of implementing an RRS on female
patients, our study provides critical information on both
the epidemiology and potential BTF impact on patient
outcome indicators across different age groups. Our study
also included a set of comprehensive patient outcome
indicators including DLMDRG that capture deaths that
were mostly likely to be unexpected thus reflecting poten-
tial benefits of an RRS. Our study finding of BTF being
able to save female patient lives in the 35-54 years group
may have important policy implications not only for devel-
oped countries but also for developing countries as 99%
of maternal deaths occur in the low-income countries.**
Our study included 5114170 female patient admissions
aged 18 years or older that enabled us to explore the age
group differential effects in detail and increased preci-
sion for the patient outcome indicators based on rare
events such as IHCA and DLMDRG.

Our study has its limitations. First, the study data were
derived from the NSW administrative data sets, and
despite the use of professional and certified coders to
extract chart data, the accuracy of the data extraction
cannot be guaranteed. However, the administrative data,
which were extracted by certified professional coders
based on standardised guidelines at each hospital should
minimise potential investigator biases. Second, the cardio-
pulmonary arrest codes employed in the current study
were restrictive and specific but may miss some ‘cases’
in comparison to other broader range but less specific
codes adopted by some studies based on ICD-9 codes and
in other settings. Thus, the caution should be exercised
when making strict point estimate comparisons between
current study endpoints and other studies.”’ However,
the fact that our analyses were based on interrupted time
series trends with total six endpoints including more reli-
able mortality-based outcomes may enhance the validity
of our findings. Third, the current study is based on data
from the state of NSW and might not be generalisable
to other healthcare jurisdictions, however, we adopted a
segmented regression approach using an interrupted time
series design with the analyses and methodology repeat-
able in the future for both national and international
level, offering a means for evaluating an RRS adjusted
for the historical secular trend. Another limitation is that
our data included only the patients between 2007 and
2013 and further study may be needed to include more
up-to-date data to understand the most recent results.
Our study set the significance level of p value at <0.05.
Given the multiple tests conducted, some of the signifi-
cant results should only be considered as preliminary and
need confirmation from other studies.

CONCLUSIONS

The BTF programme was associated with progressive
decrease in the rates of IHCA-related mortality and
hospital mortality. In addition, it found a new and signif-
icant post-intervention reduction in DLMDRG among
female 35-54 years old patients and those patients aged
75 years and older. The BTF reversed previous decreasing
cardiac arrest survival rates among 18-34 years female
patients. Conservatively estimated, the total extra lives
saved between 2011 and 2013 for reduction in DLMDRG
and increased IHCA survival amounted to 385 among
participating hospitals. However, our study results were
based on observational data and should be confirmed by
other large and experimental studies.
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