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The impact of pay- for- performance incentives for 
stroke unit access on public hospital costs and use, 
Queensland, 2012–17: interrupted time series analysis
Rohan Grimley1,2 , Joosup Kim3 , Helen M Dewey4, Nadine E Andrew5,6 , Taya A Collyer5 , Eleanor S Horton7,  
Greg Cadigan7, Dominique A Cadilhac3,8

The aim of pay- for- performance (P4P) systems is to 
financially reward health care providers for delivering 
care that meets pre- defined targets for quality or outcome 

indicators.1,2 P4P health care funding has been used overseas 
in the expectation that providing incentives to adhere to 
evidence- based practice and discouraging low value care will 
economically improve clinical outcomes.3 In Australia, P4P 
has been introduced in primary care (the Practice Incentive 
Program4), and also as a form of penalty- based P4P in public 
hospitals, in that hospital episodes that include “sentinel events” 
(serious, wholly preventable adverse events) are not funded.5 
The private health insurer Medibank has similarly listed 165 
hospital- acquired complications for which it does not reimburse 
treatment costs for private hospital patients.6 Despite widespread 
use, information on the overall impact of hospital P4P programs 
on the value of health care is limited.7,8

For people admitted to hospital with stroke, the risk of death or 
disability by one- year follow- up is 24% lower for patients treated 
in dedicated stroke units than for those treated in other hospital 
service types.9 In 2012, persistently low access to stroke units in 
public hospitals prompted Queensland Health to introduce a 
P4P program (Quality Improvement Payments; QIP) to improve 
access. The incentives led to marked improvement in access to 
stroke unit care, 26 percentage points greater than predicted 
by the historical trend (2009–11) (Supporting Information, 
figure  1), and in survival; 6- month post- stroke mortality had 
been increasing prior to the program, but absolute mortality 
was 12.5% (95% confidence interval, 1.9–23.1%) lower during the 
first 5.5 years of the incentive program than predicted by the 
historical trend.10

However, stroke unit care is more expensive than general medical 
ward care,11- 14 and its impact on overall hospital length of stay 

varies markedly between hospital systems.9 We aimed to examine 
the effect of the Queensland stroke unit access QIP program on 
hospital costs, length of stay, and re- admission rates.
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Abstract
Objectives: To assess the impact of pay- for- performance financial 
incentives for improving stroke unit access in Queensland public 
hospitals on hospital costs and use.
Study design: Population- based longitudinal study; interrupted 
time series analysis of linked hospital admissions, emergency 
department, and hospital costs data.
Setting, participants: First admissions with stroke or myocardial 
infarction of adult Queensland residents (18 years or older) to public 
hospitals for more than one day during 1 July 2009 – 31 December 
2011 (pre- incentive period), 1 January 2012 – 31 December 2012 
(intervention implementation period), and 1 January 2013 – 30 June 
2017 (intervention period). Admissions to neurosurgical wards of 
people with intracerebral haemorrhage were excluded.
Intervention: Queensland Health pay- for- performance program: 
Quality Improvement Payments (QIP). Initial three years: payments 
to hospitals contingent on progressively increasing targets for the 
proportion of people with stroke admitted to acute stroke units. 
Subsequent years: 10% loading on Diagnosis Related Group- based 
payments for the care of patients with primary diagnoses of stroke 
admitted to stroke units.
Main outcome measures: Changes in level and rates of change of 
outcomes (hospital length of stay, patient- attributed hospital costs, 
non- elective hospital re- admissions) for admissions of people with 
stroke or myocardial infarction (as control condition) before and 
after the introduction of the QIP.
Results: We analysed data for 23 572 people admitted with 
stroke and 39 511 admitted with myocardial infarction. The median 
acute length of stay did not change significantly during the 
implementation year for either patient group; and pre- intervention 
downward trends declined to near zero for both groups. The 
difference between the pre- incentive and implementation periods 
in median total hospital costs per patient with stroke was not 
statistically significant (–$1692; interquartile range [IQR], –$4440 
to $1056), in contrast to the difference for patients with myocardial 
infarction (–$4278; IQR, –$5280 to –$3275). The proportion of non- 
elective hospital re- admissions was consistently larger following 
myocardial infarction than stroke; both proportions increased from 
the start of the control period to the end of the intervention period 
(for stroke: from 5.9%; 95% confidence interval [CI], 4.3–7.4% to 
11.3%; 95% CI, 10.1–12.5%).
Conclusions: Pay- for- performance quality incentives had no 
impact on hospital length of stay, costs, or re- admissions. By 
improving quality of care and survival without increasing hospital 
use or costs, the QIP was associated with improved value for health 
care expenditure.

The known: Pay- for- performance financial stimuli are widely used 
to improve quality of care, but little is known about their impact on 
value for health care expenditure. A pay- for- performance incentive 
program for increasing stroke unit access in Queensland public 
hospitals was associated with markedly improved access and lower 
6- month mortality.
The new: The pay- for- performance program was not associated 
with increased hospital costs, hospital length of stay, or  
re- admission rates for people admitted with stroke.
The implications: By stimulating improved quality of care without 
increasing costs or hospital demand, the Queensland pay- for- 
performance program increased value for health care spending.
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Methods

We undertook a population- based longitudinal study, 
analysing linked patient- level hospital admissions, emergency 
department, and hospital costs datasets. We assessed the impact 
of P4P incentives on the levels of and changes in outcomes by 
comparing them with historical data for stroke and a control 
condition not affected by the incentives scheme (myocardial 
infarction) in interrupted time series analyses.

The Quality Improvement Payments stroke unit incentive 
program

We have described the QIP stroke unit incentive program 
elsewhere.10 In brief, payments were made to hospitals (not 
clinicians) based on progressively increasing targets for the 
proportion of people with stroke admitted to acute stroke units. 
The total budget for the incentive scheme was $5 000 000 for the 
first year (2012–13), and $4 000 000 for each of the subsequent 
two years, paid to qualifying health services as twice yearly 
payments (Box  1; Supporting Information, part 1). The mean 
annual payment per hospital during 2012–15 was $218 000. Since 
July 2015, the payments have been replaced by a 10% loading 
on Diagnosis Related Group- based payments for the care of 
patients with primary diagnoses of stroke admitted to stroke 
units, embedded in the Queensland public hospital services 
purchasing and funding model. The QIP focus was providing 
quality care by admitting patients to stroke units; hospital 
length of stay, costs, and re- admissions were not criteria for 
payment. However, length of stay information was reported 
to hospitals and clinicians twice a year in state- wide clinical 
quality improvement forums.

Study population

We defined three periods for the study:

• the pre- incentive (historical control) period: 1 July 2009 –  
31 December 2011;

• the 12- month implementation period: 1 January 2012 –  
31 December 2012 (ie, the six months preceding the program 
and the first six months of the program); and

• the P4P period: 1 January 2013 – 30 June 2017. As the outcomes 
were similar for the initial target- based payment phase and the 
subsequent maintenance payment phase, the P4P intervention 
period was treated as a single period.

We included data for all adult Queensland residents (18 years 
or older) discharged from acute episodes of care in Queensland 
public hospitals lasting more than one day with primary 
discharge diagnoses of either acute stroke or acute myocardial 
infarction according to primary discharge diagnosis coding 
(Supporting Information, table 1). We did not include data for 
people who were not Queensland residents, were admitted to 
private hospitals only, or had intracerebral haemorrhage and 
were managed solely in neurosurgical units, in alignment with 
QIP program criteria. Only the first admission of each person 
with either condition during the study period was included in 
our analysis.

Myocardial infarction was selected as the control condition 
for assessing the impact of the QIP program on acute hospital 
length of stay and re- admissions. As people do not typically 
undergo inpatient rehabilitation after myocardial infarction 
(3% of included cases in this study), it was not used as a control 
condition in analyses of rehabilitation length of stay or costs.

Data sources

The Queensland Department of Health Research Linkage Group 
linked data from the emergency department and admitted 
patient datasets and the Queensland Department of Health 
National Hospital Cost Data Collection, and provided it to the 
research team in de- identified format. The National Hospital 
Cost Data Collection uses standardised methods for attributing 
costs to hospitals at the patient and episode levels, including for 
staffing, infrastructure, investigations, and intervention costs.16 

1 The Queensland Health Quality Improvement Payment stroke unit access program: target calculations and payments*
Time period Stroke unit access target Denominator for access calculation Additional requirements Monetary incentive

July–
December 
2012

• Plans for developing new 
or upgrading existing 
stroke units

Stroke unit sites (identified by QSSCN 
planning)

• QSSCN endorsement of 
plan†

$117 500 per site‡

January–June 
2013

• New stroke units: 20%
• Established stroke units: 

50%

Stroke admissions to stroke unit hospital • Clinical indicator data 
submission to AuSCR

$117 500 per site†

July–
December 
2013

• New stroke units: 50%
• Established stroke units: 

75%

Stroke admissions to stroke unit hospital • QSSCN review
• Clinical indicator data 

submission to AuSCR

$105 000 per site†

January–June 
2014

• Regional hospitals: 60%
• Metropolitan hospitals: 

75%

Health district stroke admissions§ • Clinical indicator data 
submission to AuSCR

Proportional to health 
district admissions¶

July 2014 – 
June 2015

• All hospitals: 75% Health district stroke admissions§ • Clinical indicator data 
submission to AuSCR

Proportional to health 
district admissions**

Since July 
2015

• No target; incentive 
loading for each person 
with acute stroke admitted 
to stroke unit

• Clinical indicator data 
submission to AuSCR

• Benchmarked 
performance††

10% loading on activity- 
based funding payment

AuSCR = Australian Stroke Clinical Registry; QSSCN = Queensland Statewide Stroke Clinical Network. * Source: reference 10. Reproduced under Creative Commons licence. † According to 
national guidelines.15 ‡ Total 6- month funding pool: $2 500 000. § Stroke unit to act as regional hub for stroke admissions from across their geographic health service. ¶ Total 6- month 
funding pool: $2 500 000; allocation based on number of admissions per year (incorporates rural and regional site loading). ** Total 12- month funding pool: $4 000 000. †† Performance 
within two standard deviations of mean performance for Queensland hospitals for eight indicators of quality of clinical care. ◆
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Admissions and transfers within and between facilities within 
24 hours of prior discharge — ie, inter- hospital transfers, acute, 
subacute (rehabilitation and palliative care), and non- acute 
(awaiting residential care) episodes in multiple hospitals within 
Queensland — were considered part of the same hospital event.

Outcomes

Acute hospital length of stay was defined according to standard 
reporting procedures, excluding care episodes classified as an 
alternative care type (eg, rehabilitation, palliative care, non- 
acute care) by the Australian National Subacute and Non- acute 
Patient Classification.17 When patients were transferred during 
the initial linked hospital event, total length of stay for each 
classification was calculated from the lengths of stay in each 
facility. Rehabilitation was defined as any admission during the 
index event classified as rehabilitation or geriatric evaluation 
and management.

Total hospital length of stay for a series of linked admissions was 
defined as the time from the initial hospital admission to final 
discharge, including all acute, rehabilitation, other subacute (eg, 
palliative care), and non- acute (waiting for transfer to residential 
care) components of hospital admission.

Emergency department re- presentation was defined as an 
emergency department presentation more than 24 hours but less 
than 30 days after final discharge from the index hospital event. 
Non- elective hospital re- admission was defined as one more 
than 24 hours but less than 30 days from final discharge after 
the index hospital event and within 24 hours of an emergency 
department presentation. That is, the linked emergency 
department presentation was deemed to denote non- elective 
admissions, as administrative dataset classification coding of 
elective and non- elective hospital admissions was unreliable.

We assessed costs for hospital admissions from the perspective 
of the health service provider. Financial incentives were not 
included as costs, as they were borne by the health funder. Total 
hospital costs were derived from the Queensland Department 
of Health National Hospital Cost Data Collection, calculated by 
standard national procedures and classified by care type (acute, 
rehabilitation, total) for all involved facilities during the initial 
hospital event. The costs for patients who died were included 
for all episodes of care until their death. Costs are reported in 
Australian dollars, adjusted to the 2017 level using the total 
health price index for Australia.18

Statistical analysis

Statistical analyses were performed in Stata/MP 17. We 
used interrupted time series analysis19 to compare changes 
in outcomes for people admitted to hospital with stroke or 
myocardial infarction, before and after the introduction of the 
QIP program. For binary outcomes, we assessed the proportion 
of people who reached the outcome each month; for continuous 
outcomes, we used the median value (with interquartile range, 
IQR), as the distributions of length of stay and costing data were 
highly skewed. Data were evaluated for autocorrelation with the 
Cumby–Huizinga20,21 and Durbin–Watson tests.22 Time series 
regression models were fitted to monthly data for group (stroke, 
myocardial infarction) and study period using generalised least 
squares estimation and Prais–Winsten transformation (lag: one 
month), which yielded the best correction for autocorrelation.21 
We compared change in level (absolute values) and slope (change 
over time) for the control and P4P periods within and between 
the stroke and myocardial infarction groups, using Linden’s 

post- estimation methods.21,23 To estimate the immediate impact 
of the introduction of the QIP on outcomes, the modelled level 
at the beginning of the P4P period (January 2013) was compared 
with a counterfactual control estimate extrapolated from 
historical control data (July 2009 – December 2011). Analyses 
were not adjusted for covariates, as the data were derived from 
a complete, unselected population, and our interest was in the 
impact of the intervention at the health system level. Data for 
patients with incomplete or missing costs data were excluded 
from the corresponding analyses.

Ethics approval

The Prince Charles Hospital Human Research Ethics Committee 
(EC00168) approved the study; the analysis of public health 
data was approved under the provisions of the Public Health Act 
2005 (Qld).

Results

The inclusion criteria for our hospital length of stay analysis 
were satisfied by 23 572 people admitted to hospital with 
stroke and 39 511 admitted with myocardial infarction (Box 2). 
Costs data for the initial acute event were incomplete for 215 
people with stroke (0.8%) and 309 people with myocardial 
infarction (0.8%); rehabilitation episode costs were incomplete 
for 593 people with stroke (6.3% of 9460 people who received 
rehabilitation care). As previously reported,10 the mean age 
and proportion of women did not vary markedly across the 
study period for patients with either condition (Supporting 
Information, figures 2 and 3). The mean age of people admitted 
with stroke was 72 years (standard deviation [SD], 14 years) 
in all three study periods; the mean age of those admitted 
with myocardial infarction was 67 years (SD, 14 or 15 years by 
period). The proportion of women was 44–47% for stroke, 35% 
for myocardial infarction (Box 3).

Hospital length of stay

At the start of the historical control period, the median acute 
hospital length of stay was 1.2 (95% CI, 0.7–1.7) days longer for 
people admitted with stroke (6.5 [IQR, 6.0–7.0] days) than for 
people with myocardial infarction (5.3 [IQR, 5.1–5.5] days); the 
estimated rate of change during this period was more rapid for 
stroke than myocardial infarction cases (difference, –0.02 [95% 
CI, –0.04 to –0.01] days per month). The median acute length of 
stay did not change significantly during the implementation 
year for either patient group. The rate of decline in acute length 
of stay was significantly lower during the P4P period than the 
control period for both groups (stroke: by 0.03 [95% CI, 0.001–
0.05] days per month; myocardial infarction: by 0.02 days [95% CI, 
0.01–0.02] per month) (Box 4; Supporting Information, table 2).

The median rehabilitation length of stay for people who received 
such care after stroke declined from 29.9 (IQR, 27.7–32.2) days in 
July 2009 to 21.9 (IQR, 20.6–23.2) days in July 2017; the rates of 
decline during the control and P4P periods were not significantly 
different (Box 4; Supporting Information, table 2).

The median total length of stay was 4.5 (95% CI, 3.1–5.8) days 
longer for people admitted with stroke (10.0 [IQR, 8.6–11.3] days) 
than for people with myocardial infarction (5.5 [IQR, 5.3–5.7] 
days) at the start of the control period; by the end of the P4P 
period, the difference was 3.2 (95% CI, 2.5–3.9) days (7.8 [IQR, 
7.1–8.5] v 4.6 [IQR, 4.5–4.8] days) (Box 4; Supporting Information, 
table 2).
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Hospital costs

The change in median total hospital costs per patient during 
the implementation year was not statistically significant for 
people admitted with stroke (–$1692; IQR, –$4440 to $1056); the 
change for patients with myocardial infarction was significant 
(–$4278; IQR, –$5280 to –$3275). The median total cost per patient 
with myocardial infarction increased during the control and 
the P4P periods, and the difference between the rates was not 
statistically significant; the increases for patients with stroke 
were not statistically significant in either period. Rehabilitation 
costs for patients with stroke did not change significantly by 
study period (Box 5; Supporting Information, table 3).

The introduction of the QIP was not associated with a 
statistically significant change in summed Queensland public 
hospital costs for stroke (–$1.3 [95% CI, –$3.7 to $1.0] million 
per month), but it was associated with a significant decline in 
costs for myocardial infarction (–$2.1 million [95% CI, –$3.8 
to –$4.2 million] per month). The median costs rose more 
rapidly during the P4P period for stroke care (from $6.7 [IQR, 
6.0–7.4] million to $9.5 [IQR, 8.7–10.3] million per month) than 
myocardial infarction care (from $7.2 [IQR, 6.8–7.6] million to 
$8.6 [IQR, 8.0–9.1] million per month) (Supporting Information, 
table 4). The changes reflect the increase in the total number 
of admissions with stroke (from 226 per month in the control 
period to 257 per month in the P4P period) and the decline in 
the number of admissions with myocardial infarction (from 432 
to 397 per month).

Emergency department re- presentations and hospital  
re- admissions

In all three study periods, the proportion of people who 
presented to emergency departments within 30 days of hospital 
discharge was larger for those who had been hospitalised with 
myocardial infarction than for people hospitalised with stroke; 
each proportion increased from the start of the control period 
(stroke: 8.7% [95% CI, 7.0–10.5%]; myocardial infarction: 16.5% 
[95% CI, 15.6–17.4%]) to the end of the P4P period (stroke: 15.1% 
[95% CI, 13.9–16.3%]; myocardial infarction: 21.5% [95% CI, 20.2–
22.7%]). Differences in the rate of change between the control 
and P4P periods were not statistically significant (stroke: 0.02 
[95% CI, –0.09 to 0.14]; myocardial infarction: 0.02 [95% CI, –0.06 
to 0.10]) (Box 6; Supporting Information, table 5).

The proportion of non- elective hospital re- admissions was 
consistently larger following myocardial infarction than stroke, 
and both proportions increased from the start of the control 
period (stroke: 5.9% [95% CI, 4.3–7.4%]; myocardial infarction: 
13.1% [95% CI, 12.3–13.8%]) to the end of the P4P period (stroke: 
11.3% [95% CI, 10.1–12.5%]; myocardial infarction: 16.9% [95% CI, 
15.8–18.0%]) (Box 6; Supporting Information, table 5).

Discussion

We found that the Queensland Health stroke unit QIP program 
had no impact on hospital costs for stroke care, median patient 
length of stay, or the proportion of people re- admitted to 

2 Selection of adults admitted to Queensland public hospitals with stroke or myocardial infarction, 2009–2017, for inclusion in our 
analyses of the impact of the Quality Improvement Payments program (stroke unit access) on hospital costs, length of stay, and 
re- admissions

 NA = not applicable. ◆

Excluded (demographic criteria):
•  Under 18 years: stroke, 176; myocardial infarction, 22
•  Not Queensland resident: stroke, 1429; myocardial infarction, 2429
•  Private hospital admissions: stroke, 918; myocardial infarction, 2619

Excluded (clinical criteria):
•  Ineligible primary diagnosis: stroke, 175; myocardial infarction, 57
•  Subacute episodes: stroke, 906; myocardial infarction, 155
•  Stay less than one day: stroke, 3041; myocardial infarction, 4422
•  In-hospital stroke: stroke, 289; myocardial infarction, NA
•  Neurosurgical care only: stroke, 1351; myocardial infarction, 0

Excluded (missing costs data):
•  Acute care costs: stroke, 215; myocardial infarction, 309
•  Rehabilitation costs: stroke, 593; myocardial infarction, NA
•  Total costs: stroke, 795; myocardial infarction, 309

Adults admitted to Queensland hospitals 
with eligible primary diagnoses,

1 July 2009 – 30 June 2017:

Stroke: 31 857 
Myocardial infarction: 49 215

Stroke: 29 334
Myocardial infarction: 44 145

Cases included in length of stay analysis:

Stroke: 23 572
Myocardial infarction: 39 511

Cases included in costs analysis:

Stroke: 22 777
Myocardial infarction: 39 202
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hospital after stroke admissions. The clinician- led pay- for- 
performance incentive program substantially improved stroke 
unit access, reduced regional differences in access, and was 
followed by a sustained decline in mortality following stroke 
in Queensland public hospitals.10 Although the program did 
not explicitly target length of stay or costs, improved quality 
of care and outcomes without increased costs or hospital use 
indicate that it was associated with improved value for health 
care expenditure.

P4P financial incentives are generally introduced to improve 
the value of health care, but evidence for their effectiveness 
in achieving this aim is very limited. The few P4P programs 
associated with reduced length of hospital stay targeted surgical 
processes of care (time to surgical fixation of hip fractures, 
post- surgery complications), presumably leading to fewer 
complications and more rapid recovery.24- 26 Reduced complication 
rates may explain the better outcomes achieved with stroke unit 
care,27 but the reductions in length of stay in randomised clinical 
trials have been variable and modest.9 Our findings support 
the view that the primary value of P4P in hospitals is that it 
improves quality of care. If reduced length of stay or costs are 
desired, P4P would be best directed to areas in which substantial 
improvements in quality of care are both achievable and strongly 
linked with reduced length of stay or costs. Reduced hospital use 

and costs have been reported for P4P schemes that target various 
chronic conditions throughout the continuum of care, including 
diabetes28 and chronic obstructive pulmonary disease.29 Using 
P4P to improve the efficiency of hospital care might be more 
effective if the hospital component is incorporated into schemes 
that span both hospital and community care.

Systemic changes to the organisation of hospital care could 
affect costs and use in either direction. Stroke unit care is 
more expensive than general medical ward care,11- 14 including 
in Queensland,30 and its impact on hospital length of stay is 
not consistent.9 It is, however, cost- effective because of the 
improved outcomes achieved.12,13 It is reassuring that, in our 
whole of system study, we found that length of stay and hospital 
costs were not significantly influenced by the QIP incentives, 
indicating that improved quality of care can be associated with 
greater efficiency and value. The declines in length of stay 
for people hospitalised with stroke or myocardial infarction 
were consistent with reported changes for all Australian 
hospitalisations, including the slower rate of decline in recent 
years.31 Further, the extra costs to the health funder of incentive 
payments (first year, $5 million; following two years, $8 million), 
may have been offset by the (statistically not significant) initial 
reduction in total hospital costs of $15.6 million during the 
implementation year ($1.3 million per month).

3 Demographic characteristics and hospital use and costs for people admitted to Queensland public hospitals with stroke or 
myocardial infarction, 2009–2017, by study period

Characteristic

Historical control period:  
July 2009 – December 2011

12- month implementation period: 
January–December 2012

Pay- for- performance period: 
January 2013 – June 2017

Stroke
Myocardial 
infarction Stroke

Myocardial 
infarction Stroke

Myocardial 
infarction

All patients 6776 12 963 2921 5105 13 875 21 443

Age (years), mean (SD) 72 (14) 67 (14) 72 (14) 67 (15) 72 (14) 67 (14)

Sex (women) 3167 (47%) 4567 (35%) 1294 (44%) 1780 (35%) 6349 (46%) 7519 (35%)

Admitted to specialty unit* 2056 (30%) 8895 (69%) 1334 (46%) 3501 (69%) 11 048 (80%) 15 659 (73%)

Inpatient rehabilitation 2484 (37%) 338 (3%) 1206 (41%) 195 (4%) 5770 (42%) 681 (3%)

Length of stay (days) median (IQR)

Acute hospital 6.6 (3.6–12.4) 5.0 (3.3–8.8) 5.7 (3.1–9.9) 4.7 (3.0–8.2) 5.0 (2.9–8.8) 4.3 (2.9–7.8)

Total hospital 11.3 (4.8–35.0) 5.2 (3.5–9.2) 10.3 (4.4–33.0) 4.9 (3.2–8.8) 9.3 (4.0–30.5) 4.6 (3.1–8.2)

Rehabilitation† 27.8 (13.0–51.7) 19.3 (8.2–37.5) 24.0 (12.0–49.0) 14.9 (5.9–26.8) 22.6 (11.0–40.9) 16.0 (7.8–10.2)

Costs‡

Missing data 410 (6.1%) 272 (2.1%) 39 (0.8%) 0 346 (2.5%) 37 (0.2%)

Acute care, median (IQR) $8762 
($4768–16 647)

$12 710 
($7365–20 139)

$8218 
($4710–14 717)

$12 788 
($7400–21 429)

$8231 
($5022–7276)

$12 079 
($7276–18 918)

Rehabilitation, median (IQR)† $25 157 
($11 681–48 436)

$21 055 
($8276–43 739)

$22 850 
($10 157–46 627)

$16 277 
($6480–32 623)

$24 507 
($10 655–48 113)

$18 121 
($8424–33 159)

Total costs, median (IQR) $14 392 
($6962–38 649)

$13 842 
($8422–21 738)

$14 631 
($7371–38 000)

$14 324 
($8647–23 353)

$14 642 
($7543–38 892)

$13 380 
($8540–20 714)

Subsequent hospital use

Emergency department presentations 
(30 days)

730 (11%) 2186 (17%) 342 (12%) 934 (18%) 1846 (13%) 4372 (20%)

Hospital re- admissions (30 days) 516 (8%) 1710 (13%) 230 (8%) 712 (14%) 1365 (10%) 3483 (16%)

IQR = interquartile range; SD = standard deviation. * Stroke or coronary care units, as appropriate. † For people who received rehabilitation care. ‡ 2017 Australian dollars. ◆
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4 Effect of the Quality Improvement Payments program (stroke unit access) on median hospital lengths of stay for people admitted 
with stroke or myocardial infarction, 2009–2017: interrupted time series analysis*

* Points indicate the median length of stay for each month; vertical dashed lines indicate the three study periods. The solid lines were separately fitted to the control and intervention  
periods using regression models; the dashed lines in the intervention period depict the continuation of control period trends. ◆
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5 Effect of the Quality Improvement Payments program (stroke unit access) on median hospital costs per patient (2017 dollars) for 
patients admitted with stroke or myocardial infarction, 2009–2017: interrupted time series analysis*

* Points indicate the median length of stay for each month; vertical dashed lines indicate the three study periods. The solid lines were separately fitted to the control and intervention periods 
using regression models; the dashed lines in the intervention period depict the continuation of control period trends. ◆
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The Queensland Health stroke unit QIP program continues, 
but whether it is required to maintain its impact is uncertain. 
Discontinuation of other P4P programs has had different effects 
on processes of care indicators.32,33 Concerns have been raised 
about financial incentives shifting costs between health care 
sectors, such as from hospitals to skilled nursing facilities in 
the United States.34,35 In Australia, inpatient rehabilitation costs 
for stroke care are similar to those for acute hospital costs;36 
our analysis did not find any evidence of shifting of care or 
costs from acute to rehabilitation care. Cost shifting could be 
more significant in countries where the costs of acute care and 
rehabilitation are borne by different providers.

The increasing hospital re- admission rates for people with 
stroke or myocardial infarction in our study suggests the 
possibility of broader systemic trends. General increases in 
hospital re- admission rates have been reported in Denmark37 
and England.38 Reporting of re- admission rates in Australia is 
limited to those following surgical admissions;39 data on re- 
admissions after vascular events have not been systematically 
collected.40 Broader investigation of re- admission rates in 
Australia is needed.

One might expect that multidisciplinary care in a stroke unit 
would reduce the risk of re- admission. However, successful 

6 Effect of the Quality Improvement Payments program (stroke unit access) on emergency department re- presentations and non- 
elective hospital re- admissions within 30 days of discharge for patients admitted with stroke or myocardial infarction: interrupted 
time series analysis*

* Points indicate the median length of stay for each month; vertical dashed lines indicate the three study periods. The solid lines were separately fitted to the control and intervention  
periods using regression models; the dashed lines in the intervention period depict the continuation of control period trends. ◆
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