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Abstract

Objectives: Hospital data used to assess regional variability in
disease management and outcomes, including mortality, lack
The known Variance in patient outcomes between hospitals
treating acute stroke needs to be reliably assessed.
information on disease severity. We describe variance between
hospitals in 30-day risk-adjusted mortality rates (RAMRs) for
stroke, comparing models that include or exclude stroke severity
as a covariate.

Design: Cohort design linking Australian Stroke Clinical Registry
data with national death registrations. Multivariable models
using recommended statistical methods for calculating 30-day
RAMRs for hospitals, adjusted for demographic factors, ability to
walk on admission, stroke type, and stroke recurrence.

Setting: Australian hospitals providing at least 200 episodes of
acute stroke care, 2009e2014.
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Methodology for standardising risk adjustment is evolving and
requires field testing. The data in hospital admission databases
are limited with regard to risk adjustment.

The new Since 2009, the Australian Stroke Clinical Registry
has captured data on stroke severity and other variables. The
data have been used to improve risk adjustment when
comparing hospital mortality rates; they can also be reliably
linked to death registrations to compare methods for assessing
risk-adjusted hospital mortality.

The implications Including appropriate risk adjustment
variables will ensure that comparisons of hospital performance
regarding important patient outcomes for stroke are reliable.
Main outcome measures: Hospital RAMRs estimated by
different models. Changes in hospital rank order and funnel plots
were used to explore variation in hospital-specific 30-day
RAMRs; that is, RAMRs more than three standard deviations
from the mean.

Results: In the 28 hospitals reporting at least 200 episodes of
troke imposes a major health care burden, but the adop-
tion of effective interventions varies widely.1 Efforts to
care, there were 16 218 episodes (15 951 patients; median age, 77
years; women, 46%; ischaemic strokes, 79%). RAMRs from
models not including stroke severity as a variable ranged
between 8% and 20%; RAMRs from models with the best fit,
which included ability to walk and stroke recurrence as
variables, ranged between 9% and 21%. The rank order of
hospitals changed according to the covariates included in the
models, particularly for those hospitals with the highest RAMRs.
Funnel plots identified significant deviation from the mean
overall RAMR for two hospitals, including one with borderline
excess mortality.

Conclusions: Hospital stroke mortality rates and hospital
performance ranking may vary widely according to the
covariates included in the statistical analysis.
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S improve the quality of stroke management rely on
rigorous outcomes data2 for avoiding misleading comparisons of
hospitals. To identify potentially modifiable factors, analyses
must account for casemix differences and random error.3 In
particular, analyses must take stroke severity into consideration,
as it is one of the strongest predictors of stroke mortality.2,4,5

Although the methodology is still evolving, standardised risk
adjustment2 is highly relevant to health care consumers and policy
makers. In a recent report of routinely collected hospital admissions
data, significant variation in 30-day stroke mortality was found after
adjusting for age, sex and comorbidities (including hypertension and
diabetes), but there was no adjustment for stroke severity.6 The Na-
tionalHealthPerformanceAuthority (NHPA)has identified strokeas
a condition for which inter-hospital differences inmodels of care (eg,
patterns of patient transfers) and inconsistent recording of clinical
information and procedures (eg, palliative care coding) may distort
comparisons of mortality.7 Because hospital data must be complete,
accurate and consistent, the NHPA is currently unable to support
public reporting of inter-hospital disease mortality rates, as such
comparisons could be unreliable.7 In contrast, the ability to reliably
compare hospital performance with respect to patient outcomes has
rapidly accelerated improvements in health care overseas.7

Our aim was to describe variance in 30-day stroke mortality
between hospitals using risk-adjustedmortality rates (RAMRs), as
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Study design
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data for nationally agreed variables for all patients admitted to
participating hospitals with acute stroke or transient ischaemic
attack (TIA).8 AuSCR includes personal information (eg, name,
address), clinical characteristics (eg, type of stroke), quality of care
indicators (eg stroke unit treatment), and outcomes measured at
discharge and at 90e180 days (eg, survival and quality of life).8

Stroke severity is captured using a simple, validated prognostic
measure, the “ability to walk unaided at the time of hospital
admission”.9 In the original statistical modelling by Counsell and
colleagues,9 this criterion was associated with a relative risk for
30-day survival of 1.63 (95% confidence interval [CI], 1.15e2.31). In
our earlierwork, the strongest predictor of independence at time of
hospital dischargewas the ability towalk on admission (odds ratio
[OR], 2.84; 95% CI, 2.18e3.71).10

Data from participating hospitals were obtained for the period
from 15 June 2009 (six participating hospitals) until 31 December
2014 (40 participating hospitals). We included all stroke types
(ischaemic, intracerebral haemorrhage, and undetermined) in
our analyses, as well as demographic variables, as stroke mor-
tality is higher at all ages for Indigenous than for non-
Indigenous Australians,11 varies according to country of
birth,12 and is greater for people of lower socio-economic sta-
tus.13 Socio-economic status was assessed by matching patients’
addresses with the corresponding Index of Relative Socio-
economic Advantage and Disadvantage (IRSAD) score,14

collated as quintiles. Whether the stroke was the first or subse-
quent stroke experienced by the patient was included as a co-
variate, as the risk of death is greater for recurrent events.15 Age
was included as a continuous measure in all models. All epi-
sodes occurring within 30 days of admission were included.
Harrell’s concordance statistic (C-statistic) was used to deter-
mine how well the variable “ability to walk on admission”
predicted 30-day mortality in our models.

We excluded patients who experienced a stroke while in hospital
for another condition orwhen transferred fromanother hospital, as
the different patterns of care may distort mortality ratios.7,16 Data
for stroke care in a paediatric hospital were also excluded because
of the small sample size (fewer than 50 care episodes).
Mortality data
Survival status at 30 days was obtained by probabilistic matching
of AuSCR registrant identifiers with the National Death Index
(NDI) by the Australian Institute of Health and Welfare. AuSCR
staff undertook the review of non-exact matches; for discordant
dates, we used NDI data as the reference. Based on this linkage
method, in-hospital death reporting in the AuSCR had
98.8% sensitivity and 99.6% specificity, compared with an in-
hospital death determined with the NDI date of death.
Outcome measures and analyses
The primary outcomewas the risk-adjustedmortality rate (RAMR)
at 30 days after admission, using themethod recommended by the
American Heart (AHA) and Stroke Associations (ASA).2 To
maximise the reliability of our estimates,17 analyses were con-
ducted for individual hospitals that provided data on at least 200
episodes of care for stroke between 2009 and 2014. The stages in
deriving each model were:

� entering the observed values;

� generating estimates from generalised linear latent and mixed
models (GLLAMM) by maximum likelihood;

� generating expected probabilities;
� generating predicted probabilities;

� generating ratios predicted as expected; and

� generating the RAMR.

TheRAMR for each hospitalwas calculated by dividing the overall
RAMR by the risk-adjusted average hospital mortality, and then
multiplying by the overall crude (unadjusted) proportion of deaths
in the whole sample.

The results were compared in models with covariates corre-
sponding to those available in hospital admissions data (the hos-
pital admissions model) and after also including covariates
corresponding to those available only in the AuSCR (the Registry
model). Amodel adjusted only for age and sex was also estimated.
The hospital admissions model was adjusted for age, sex, year of
data, stroke subtype, IRSAD quintile, Indigenous status, and place
of birth (Australia v elsewhere). The Registry model was adjusted
for the same variables, as well as for stroke history and severity.
Differences between the models in the ranking of individual hos-
pitals were explored.

Data are provided on the calibration and discrimination of the
models,2 using the likelihood ratio test, the Akaike information
criterion (AIC), the Bayesian information criterion (BIC), and the
C-statistic. A smaller AIC or BIC indicates a better fitting model;
a C-statistic of 1 indicates a perfect fit model, while a C-statistic
of 0.5 indicates that fit is no better than chance. Multilevel
models were used, with one level defined as the hospital unit, to
account for correlations between patients who were managed in
the same hospital, and the other representing patients as indi-
vidual units.

P < 0.001 (two-sided) was deemed statistically significant because
of the large sample size. Analyses were performed in Stata 12.1
(StataCorp).

Identifying significant mortality variation and differences
in mortality outcomes
According to standard practice, hospitals within two standard
deviations (SDs) of the overall average RAMRwere deemed to lie
within normal variation, and those outside three SDs were
deemed to vary significantly from the other hospitals in the
sample.18 Funnel plots were used to investigate deviations from
the average hospital mortality rate.19 The direction of the change
was also explored by graphing the difference between the age-
and sex-adjusted hospital admissions and Registry RAMR
estimates.

Ethics approval
Appropriate ethics andgovernance approvalswere obtained for all
participating hospitals in AuSCR, and from the Human Research
Ethics Committee of Monash University (reference, CF11/
3537e2011001884). Ethics approval was obtained from the
Australian Institute of Health andWelfare to conduct data linkage
to the National Death Index (reference, EO 2013/2/16).

Results

Between 2009 and 2014, 26 302 episodes of care for 24 806 indi-
vidual patients from 45 hospitals were recorded; 3151 patients
(12%) diedwithin 30 days of admission (excluding TIAs, 14%). The
concordance of ability to walk on admission as an indicator of
stroke severity with 30-day mortality was excellent (C-statistic,
0.97). Patients with intracerebral haemorrhage (29%) were more
likely to die within 30 days than those with other stroke types



1 Demographic and clinical characteristics for patients admitted to 28
hospitals with at least 200 episodes of care in the Australian Stroke
Clinical Registry (AuSCR), 2009e2014

Status at 30 days

PDied Living

Number of patients 2372 13 846

Sex (men) 1043 (44%) 7604 (55%) < 0.001

Age (years)* < 0.001

< 65 209 (9%) 3485 (25%)

65e74 321 (14%) 3292 (24%)

75e84 794 (34%) 4291 (31%)

� 85 1048 (44%) 2672 (20%)

Median (IQR) 84 (76e89) 75 (65e83) < 0.001

Country of birth† < 0.001

Australia 1452 (67%) 8622 (67%)

United Kingdom 163 (8%) 1005 (8%)

Italy 133 (6%) 615 (5%)

Other European countries 240 (11%) 1315 (10%)

Asia 64 (3%) 580 (5%)

Other countries 108 (5%) 782 (6%)

Identifies as Aboriginal and/or
Torres Strait Islander*

15 (1%) 158 (1%) 0.024

Previous stroke/transient
ischemic attack‡

550 (26%) 2966 (23%) 0.001

Index of Relative Socio-economic
Advantage and Disadvantage (IRSAD)

0.016

Quintile 1 (most disadvantaged) 376 (16%) 2078 (15%)

Quintile 2 444 (19%) 2729 (20%)

Quintile 3 242 (10%) 1712 (12%)

Quintile 4 527 (22%) 3010 (22%)

Quintile 5 (least disadvantaged)) 783 (33%) 4317 (31%)

Type of stroke < 0.001

Intracerebral haemorrhage 765 (32%) 1629 (12%)

Ischaemic 1468 (62%) 11 286 (82%)

Undetermined stroke type 132 (6%) 897 (7%)

Cause of stroke known§ 1054 (47%) 6511 (49%) 0.027

Stroke severity‡

Able to walk on admission 85 (4%) 4857 (39%) < 0.001

Patients with multiple episodes of
stroke care recorded in AuCSR

141 (6%) 694 (5%) 0.058

* Missing data: < 2%. † Missing data: 2e5%. ‡ Missing data: 6e10%. x Based on evidence of a
structural, radiological, haematological, genetic or drug-related cause. 7509 patients with a
transient ischemic attack or in-hospital stroke, or who were transferred from another hospital were
excluded from analysis. u

Research
M
JA

2

(ischaemic, 12%; undetermined stroke, 14%; TIAs, < 1%)
(online Appendix 1).

Data from hospitals reporting at least 200
episodes of stroke care
Eighteen hospitals located inmetropolitan areas and ten
in rural and regional areas, each with a stroke unit,
provided data for at least 200 episodes of care. Hospitals
in the eastern states contributed most data (Victoria,
40% of episodes; New South Wales, 17%; Queensland,
34%; Tasmania, 4%); in Western Australia (5% of epi-
sodes), only two hospitals participated. We excluded
from our analysis 7509 patients who had a TIA or in-
hospital stroke, or who were transferred from another
hospital (online Appendix 1).

In total, 16 218 episodes of care were provided to 15 951
individual patients (median age, 77 years; women, 46%;
ischaemic stroke, 79%). Compared with patients who
were alive 30 days after admission, the proportion of
women among those who died was greater; they were
also older, fewer were able to walk on admission, and
more had a history of stroke or TIA (Box 1). The char-
acteristics of patients with strokewere similar across the
28 hospitals with respect to age, sex, and ability to walk
on admission (online Appendix 2). The proportions of
patients with severe strokes were similar for hospitals
with more or fewer episodes of care (data not shown;
P ¼ 0.59).

Comparison of hospital 30-day
mortality outcomes
The unadjusted (crude) mortality rates for the 28 hos-
pitals with at least 200 episodes of care ranged between
7% and 23%. Excluding the 7509 patients who had a TIA
or in-hospital stroke, the unadjusted mortality rates for
hospitals ranged between 5% and 20%, and the age- and
sex-adjusted mortality rates ranged between 8% and
20%. The RAMRs estimated by the hospital admissions
model ranged between 9% and 20%, and those by the
Registrymodel between9%and21% (Box2). Theoverall
RAMRs adjusted for different combinations of Indige-
nous status, country of birth and history of stroke are
reported in online Appendix 3. According to the model
fit statistics (BIC, AIC, likelihood ratio test, C-statistic),
the Registry model had the best fit (Box 3, online
Appendix 3). Correlations between the number of epi-
sodes contributed by a hospital and the differences be-
tween age- and sex-adjusted RAMRs and the Registry
RAMR estimates (R2 ¼ 0.021) or hospital admissions
RAMRs (R2 ¼ 0.001) were low. When the results of the
hospital admissions and Registry models were
compared, the variance ranged between 0% and 3%.
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Although the ranges of estimates by the adjusted models were
similar, the rank order of hospitals changed according to the initial
crude estimate and simple age- and sex-adjusted models (Box 2;
onlineAppendix 4). The change in ranks in the hospital admissions
and full Registry models illustrates the possibility of a hospital
attaining very different results. The models with the best fit were
those that included stroke severity as a covariate (Box 3). Based on
the funnel plot distribution, the estimated mortality for only two
hospitals was more than three SDs from the mean, one with low
mortality, and the otherwith borderline excessmortality relative to
other hospitals (Box 4).
Quality of care and correlations with mortality rates
Adherence to processes of care was similar for all hospitals (online
Appendix 2). Stroke unit admissions ranged from 99% for the
hospitalwith lowest RAMR to 80% for the hospitalwith the highest
RAMR (weak positive correlation between increased stroke unit
347
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2 Comparison of ranking of hospitals according to 30-day mortality for stroke by the hospital admission and full registry
models*

* The full data for this figure are included in online Appendix 4. u
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access and lower RAMR: R2 ¼ 0.138). A negligible positive
correlation was noted between increased prescription of antihy-
pertensive drugs at discharge and lower RAMR (R2 ¼ 0.021).
Discussion

Assessing the quality of health care delivered by different health
care providers is complicated by the variable quality of routinely
collected hospital data.7 For burdensome conditions such as stroke,
this problem is exacerbated by the inability to account for differ-
ences in stroke severity and by inaccuracies in the coding of diag-
nosis or cause of death.20 Clinical quality registries have emerged
as important tools for resolving these problems, but support from
government agencies is not as consistent in Australia as in com-
parable countries.

We have provided an important illustration of the value of a
national clinical quality registry for stroke, using a newmethod for
calculating mortality statistics. The models with the best fit
for standardising mortality were those that included adjustment
for stroke severity, a covariate routinely available only in AuSCR.
3 Summary statistics for goodness of fit of the three models of
episodes of care in the Australian Stroke Clinical Registry, 200

Adjusted for ag

Association between risk-adjustedmortality rate and
number of episodes

P ¼ 0.

Akaike information criterion (AIC) 12 45

Bayesian information criterion (BIC) 12 48

C-statistic (95% CI) 0.69
(0.68e0

Likelihood ratio test P < 0.0

* Adjusted for age, sex, year of admission, stroke type, Index of relative Socio-Economic
elsewhere). † Adjusted for history of stroke, stroke severity, and other variables of the ho
The change in rank position according to different RAMRs was
clearest for hospital 13, which was ranked number 6 in the full
Registry model, but number 21 in the hospital admissions model.
Rankings that are not based on models adequately adjusted for
relevant risks can lead to interpretations that suggest that some
hospitals provide substandard care, and thereby impugn their
reputations and that of their clinicians. The funnel plot approach
provides an alternative method for assessing performance, but the
control limits associated with the assumption of a normal distri-
bution of the data makes caution advisable, particularly if the data
are skewed, as in our sample of only 28 hospitals. For the hospital
with the lowest mortality in each of the models (Hospital 1), se-
lection bias may have arisen because 99% of its patients were
treated in a stroke unit (onlineAppendix 2), and other unmeasured
factors may have also contributed to its better outcome.

Our findings differ from a previous investigation of hospital stroke
mortality rates in NSW that applied more conventional modelling
methods, without adjusting for stroke severity.6 Standardised
30-day mortality rates varied significantly, from 15% to 30%, and
several hospitals were categorised as “poor performers”.6 Cases
were sampled across different timeframes andwith varying sample

The change in rank position according to different RAMRs was 
clearest for hospital 20, which was ranked number 12 in the full 
Registry model, but number 25 in the hospital admissions model.
30-day mortality rates for 28 hospitals providing at least 200
9e2014

Risk adjustment model

e and sex Hospital admissions model* Registry modely

19 P ¼ 0.29 P ¼ 0.24

1 11 694 9322

2 11 764 9405

.71)
0.74

(0.73e0.75)
0.80

(0.79e0.81)

01 P < 0.001 Reference

Advantage and Disadvantage, Indigenous status, and place or birth (Australia v
spital admissions model. The likelihood ratio test compares the different models. u
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4 Funnel plot of risk-adjusted mortality rates for hospitals (Registry
model)*

SD ¼ standard deviation. * The numbers for the hospitals indicate their rank according to crude
mortality rates (lowest to highest). Registry model was adjusted for age, sex, stroke type, index of
relative socio-economic advantage and disadvantage, Indigenous status, country of birth, year of
admission, history of previous stroke, and stroke severity. u
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sizes, but therewas a greater diversity of hospitals than in our study;
for example, hospitals without stroke units were included.

Registry data that include disease severity risk-adjustment vari-
ables that supplement hospital data can be used to ensure that
performance comparisons are more reliable. Given the growth in
public reporting of hospital performance and the recognition of its
potentially driving improvement of quality of care,21 it is essential
that appropriate methods are employed. We estimated RAMRs
using a new approach recommended by the AHA/ASA,2 replac-
ing the observed number of deathswith a prediction of numbers of
deaths estimated from the average number of deaths for hospitals
in a risk-adjusted model. This reduces the influence of chance on
the variation in RAMRs (predicted v expected). Our study is the
first report on the application of this newapproach, andourmodels
predicted numbers of deaths within 0e9% of the actual number.

Our investigation has broader implications for Australia, in that it
advances methods for hospital-level comparisons of risk-adjusted
mortality, particularly on the basis of routinely collected registry
data. We acknowledge, as a limitation of our study, that not all
hospitals contribute data to AuSCR, and our findings may conse-
quently not be generalisable to all hospitals. Further, our sample
was restricted to hospitals reporting at least 200 episodes of care
(10 084 episodes from 17 hospitals were therefore excluded from
our analyses). Including all hospitals may have led to greater
variance in our results, but our sample was broadly representative
of the entire cohort (online Appendix 1). The overall
crude 30-day death rate for eligible hospitals (with at
least 200 episodes of care) was 15% (range, 7e23%),
similar to reports from other countries (13e15%).4,17

Critical predictors of stroke mortality include age, sex,
stroke severity, and comorbidities,18 and a further lim-
itation of our study was the inability to adjust for
comorbidities, but inconsistent reporting of Interna-
tional Classification of Diseases (ICD-10) coding of
comorbidities is recognised.22 Future linking of AuSCR
data with hospital admissions data will enable a greater
range of variables to be explored. Several International
stroke registries incorporate National Institutes of
Health Stroke Scale (NIHSS) data that can be used for
adjusting for stroke severity, but training is required to
administer the NIHSS.23 The ability to collect NIHSS
data was introduced in AuSCR in 2015, but the level of
missing data currently undermines its usefulness,
whereas “ability to walk on admission” information
was available for 90% of episodes. In recent validation
work,9 a model based on simple variables (including
ability to walk) performed as well as one employing
NIHSS and age data; the choice of measure should
therefore be based on practical considerations.24

Because there were very few episodes of intracerebral
haemorrhage, we included stroke type as a covariate
JA
rather than stratifying the dataset, as has been previously recom-
mended by other authors.25

In conclusion, we highlight the importance of using appropriate
risk adjustment variables and methods for comparing hospital
outcomes for stroke, with particular emphasis on the need to ac-
count for stroke severity. Moreover, we have shown the value of
clinical quality disease registry data for refining outcome perfor-
mance measurement in health care. As this is an evolving field,
further research into risk adjustment variables and comparison of
mortality rates is encouraged.
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