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Abstract.

Objective. This study determined the economic impact of 16 ‘high-priority’ hospital-acquired complications
(HACs), as defined by the Australian Commission on Safety and Quality in Health Care, from the perspective of an
individual Australian health service.

Methods. A retrospective cohort study was performed using a deidentified patient dataset containing 93 056 in-
patient separations in Northern Health (Victoria, Australia) from 1 July 2016 to 30 June 2017. Two log-linked generalised
linear regression models were used to obtain additional costs and additional length of stay (LOS) for 16 different HACs,
with the main outcome measures being the additional cost and LOS for all 16 HACs.

Results. In all, 1700 separations involving HACs (1.83%) were identified. The most common HAC was health care-
associated infections. Most HACs were associated with a statistically significant risk of increased cost (15/16 HACs) and LOS
(11/16 HACs). HACs involving falls resulting in fracture or other intracranial injury were associated with the highest additional
cost (A$17 173). The biggest increase in additional LOS was unplanned admissions to the intensive care unit (5.42 days).

Conclusions. This study shows the economic impact of HACs from the perspective of an individual health service.
The methodology used demonstrates how other health services could determine safety priorities corresponding to their
own casemix.

What is known about the topic? HACS are a major issue in Australian health care; however, their effect on cost and
LOS at the individual health service level is not well quantified.

What does this paper add? Additional cost and LOS implications for 16 high-priority HACs have been quantified
within an Australian health service. There is substantial variation in terms of the number of HACs and the economic impact
of each HAC.

What are the implications for practitioners? This study provides a template for other health services to assess the
economic impact of HACs corresponding to their own casemix and to inform targeted patient safety programs.
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Introduction

Health services function as high-hazard organisations striving
to deliver a triple aim of high-quality, accessible and cost-
effective care.! However, health services worldwide are
buckling under the pressure of growing demand. Although
initiatives over the past few decades have been focused on
reducing hospital length of stay (LOS) in order to cope, the
improvements in efficiency for these strategies has plateaued in
recent years, with the focus shifting towards incentives to
improve the quality of care. One such incentive involves
reducing preventable harm associated with hospital-acquired
complications (HACs). HACs are defined by the Australian
Commission on Safety and Quality in Health Care (ACSQHC)
as ‘a patient complication for which clinical risk mitigation
strategies may reduce (but not necessarily eliminate) the risk of
that complication occurring’.”

The ACSQHC designates 16 medical conditions (Box 1) that
occur as an HAC. If a patient develops one or more of these 16
conditions during an admission to an Australian hospital, the
ACSQHC considers the patient to have experienced an HAC.
The list of the 16 HACs was developed by the ACSQHC
based on a computer algorithm known as the Classification of
Hospital-Acquired Diagnoses (CHADx), which is used to clas-
sify 144 different classes of adverse patient events in coded
hospital data.’

The coded hospital data developed after a patient is dis-
charged from an Australian hospital is prepared by clinical
coders, a skilled workforce working in partnership with the
treating medical staff to ensure each patient’s discharge sum-
mary and its diagnoses are coded appropriately and correctly.”
Clinical coders can apply a condition-onset flag (COF) to a
particular diagnosis, indicating it occurred after admission into
hospital. Ifa COF is present with one of the 16 diagnoses that can
occur as an HAC, then a patient would be considered to have
suffered an HAC.?

Cost of HACs

Inan attempt to try to decrease the incidence of HACs, Australia’s
Independent Hospital Pricing Authority (IHPA) developed a
method for risk-adjusted hospital funding penalties that incor-
porates the list of HACs to penalise hospitals each time a patient
develops an HAC.® This approach also seeks to avoid any per-
verse incentives associated with HACs and current activity-based
funding models. An example of a perverse incentive could be
additional funding associated with extended length of stay (LOS),
which is associated with HACs. This would result in the hospital
receiving higher funding for an equivalent patient with an HAC.
The HAC penalties have not been enforced by all state govern-
ments, but in some states, such as Victoria, they are undergoing
a shadow period during the 2019-20 financial year with the
potential to be enforced in 2020-21.”

The implementation of penalties associated with HACs is a
contentious issue in the Australian medical community. The
Australian Medical Association (AMA) suggests that the added
time and cost of treating a patient due to an HAC should act as an
incentive for hospitals to minimise HACs due to the prevailing
model of funding hospital-based care in Australia.® In its simplest
form, the current casemix-based funding model determines
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Box 1. The 16 hospital-acquired complications, as defined by the
Australian Commission on Safety and Quality in Health Care,” included
as independent variables in this analysis

. Pressure injury

. Falls resulting in fracture or other intracranial injury

. Health care-associated infection

. Surgical complications requiring unplanned return to theatre
. Unplanned intensive care unit (ICU) admission

. Respiratory complications

. Venous thromboembolism

. Renal failure

. Gastrointestinal bleeding

. Medication complications

. Delirium

. Persistent incontinence

. Malnutrition

. Cardiac complications

. Third- and fourth-degree perineal laceration during delivery
. Neonatal birth trauma
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reimbursement for each hospital admission based on the national
average cost of treating all patients with similar conditions,
thereby reducing incentives to have a patient population with
substantially greater than average resource usage.” However,
many implementations of this funding model have adjustments
for patients where the LOS falls substantially outside the average
range,'® a population that could potentially include patients
with HACs.

Indeed, HACs have been shown to be associated with
significant costs for Australian hospitals, beginning with an
assessment of HACs in 2005-06 and 2006—07 in Victoria and
Queensland respectively that showed annual costs of A$790
million in both states combined.'' In 2013, work between the
THPA and ACSQHC estimated HACs increased the mean cost of
an Australian hospital admission by A$9200 and the mean LOS
by 5.3 days.'? The Grattan Institute estimated that in 201415,
AS$4.6 billion was added to the national cost of treating acute
admissions associated with complications in Australian public
hospitals."> Although information has been reported on the
broader implications of HACs in Australia, there is limited data
on both cost and LOS consequences for HACs at the individual
health service level. Using a large, recent and high-quality
dataset, we aimed to estimate both the frequency and the
cost and LOS impacts at the level of individual HACs within a
major health service.

Methods

A retrospective cohort study was conducted using a dataset
consisting of all admissions to one of Victoria’s major metro-
politan health services, Northern Health (NH), in the financial
year 1 July 201630 June 2017. The dataset is an extraction of
deidentified routinely collected hospital-based data containing
administrative and coded medical information. In addition to
HAC data, the dataset contained admission type, demographic
data, LOS and a linked costing dataset for the costs associated
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with each separation. All data used in the analysis were col-
lected and coded by NH clinical coders as part of their Victo-
rian Department of Health and Human Services reporting
requirements.

Hospital-acquired complications

The assessment of HACs was based on the definitions provided
by the ACSQHC. Descriptions of the HACs are given in Box 1,
and details of International Classification of Diseases, 10th
Revision, Australian Modification (ICD-10-AM) coding asso-
ciated with HACs can be assessed from the ACSQHC directly."
HACs were classified on the basis of patient notes by profes-
sional coders in the course of routine data administration fol-
lowing discharge or transfer. Only previously coded clinical
data was used in the analysis and patient notes were not accessed
for our analysis. HACs were recorded in two ways: (1) a binary
variable indicating whether a patient experienced any one of the
16 HACs during a separation; and (2) a continuous variable
recording the total number of HACs a patient experienced in a
separation. HACs, as recorded, are not mutually exclusive and
during any one separation a patient could experience two or
more of the 16 HACs.

Main outcome variables

The NH administrative systems provided a bottom-up clinical
costing approach. Each time a resource was used by a patient
during a hospital stay, the utilisation and related costs were
linked to their medical record number."> The total dollar amount
of each in-patient separation was recorded in 2017 Australian
dollars. LOS was also derived from the NH administrative
systems and recorded in whole days, where a stay of <1 would
be recorded as 0 days (i.e. a same-day hospital admission).

Statistical analysis

To examine the effect of HACs on cost and LOS, we used two
separate generalised linear models (GLMs) to control for
skewed distribution and non-negative responses: (1) a GLM
with a log-link and Poisson distribution used to analyse LOS;'®
and (2) a GLM with a log-link and a gamma distribution used to
analyse cost.'” All HACs and other covariates were included as
potential predictors in each model.

Potential confounding variables included in the model were
age, sex, Charlson Comorbidity Index (CCI), admission type
and care type. Admission type was defined as medical, emer-
gency, maternity, paediatric or surgical, and care type was
defined as acute, geriatric evaluation management (GEM),
palliative, rehabilitation or unqualified newborn. The reference
groups in the regression model for speciality and care type were
medical and acute respectively.

The output of both regression models consisted of coeffi-
cients that can be interpreted multiplicatively, rather than
additively. The exponential value of a (-coefficient (exp(p))
from the GLM model for cost represents the mean ratio (i.e. the
ratio of the mean cost in patients with an HAC to the mean cost in
patients without that HAC), whereas exp(p3) from the GLM
model for LOS represents the incidence rate ratio (IRR), that is
the ratio of LOS in patients with an HAC to LOS in patients
without that HAC.
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Table 1. Description of the dataset from Northern Health
HAC, hospital-acquired complication; LOS, length of stay

Financial year data collection 2016-17
No. in-patient separations 93 046
No. unique in-patients 49809
Total recorded costs (A$) 355 million
Mean cost per case (A$) 3817
Mean LOS (days) 2.19
Same-day admissions (%) 28.85
No. HAC diagnosis fields available 38
No. cases with any HAC 1700
Incidence of any HAC (%) 1.83
Mean no. HACs per episode 0.024
Mean no. HACs in episodes with any recorded HAC 1.34

Calculation of additional cost and LOS of an HAC

The additional cost and additional LOS were quantified using
the outputs from the regression models, adjusted for age, sex,
CCI, admission type and care type. The mean ratio or IRR for
each HAC was then applied across all in-patient separations,
with all other variables in the respective model held constant, to
calculate the mean predicated value if each individual were to
develop a particular HAC (i.e. the additional cost or LOS of an
HAC). Stata version 13.0 (StataCorp, College Station, Texas,
USA) was used for the analysis.

Ethics approval

Ethics approval was provided by The University of Melbourne
Human Ethics Sub-Committee (HREC no. 1954816.1). The
project was also deemed a quality initiative by the NH Low Risk
Ethics Committee and approval was obtained.

Results

The number of in-patient separations at NH during the study
period was 93 046, consisting of 49 809 unique patients. There
were 1700 in-patient separations including at least one HAC;
for patients who developed an HAC, the mean number of
HACs was 1.34 HACs per separation (Table 1). The most
commonly occurring HACs were health care-associated infec-
tion (n = 836), unplanned intensive care unit (ICU) admission
(n=332) and delirium (n = 289). The least frequently occurring
HAC:s were falls resulting in fracture or other intracranial injury
(n = 26), neonatal birth trauma (n = 25) and renal failure
(n = 12; Table 2).

Falls resulting in fracture or other intracranial injury had
the highest risk associated with an increase in cost (mean ratio
3.50; 95% confidence interval (IC) 2.34-5.23), followed by
unplanned ICU admission (mean ratio 2.72; 95% CI 2.35-3.15)
and surgical complications requiring unplanned return to theatre
(mean ratio 2.72; 95% CI 1.98-3.23; Table 2). Most HACs
(15/16) were associated with statistically significant increases in
costs and only the renal failure HAC was not associated with
increased costs. The falls resulting in fracture or other intra-
cranial injury HAC had the highest additional cost of all HACs
(AS17 173 per separation; 95% CI 10214-24131; Table 3),
but this particular HAC was relatively rare (n = 26). Costs per
HAC occurrence are shown in Fig. 1, arranged in decreasing cost
with Cls.
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Table 2.
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Hospital-acquired complications (HACs) cost model

The mean ratio was calculated as the ratio of the mean cost in patients with an HAC to the mean cost in patients without that HAC. *Statistically significant at
the level of P < 0.05. CI, confidence interval; ICU, intensive care unit

HAC

No. separations Mean ratio (95% CI)

Pressure injury

Falls resulting in fracture or other intracranial injury

Health care-associated infection

Surgical complications requiring unplanned return to theatre
Unplanned ICU admission

Respiratory complications

Venous thromboembolism

Renal failure

Gastrointestinal bleeding

Medication complications

Delirium

Urinary incontinence

Malnutrition

Cardiac complications

Third- and fourth-degree perineal laceration during delivery
Neonatal birth trauma

37 1.92% (1.39-2.64)
26 3.50% (2.34-5.23)
836 2.25% (2.08-2.43)
98 2.53* (1.98-3.23)
332 2.72% (2.35-3.15)
74 1.85% (1.39-2.45)
38 2.46* (1.70-3.55)
12 1.78 (0.59-5.36)
68 2.44% (1.76-3.39)
186 2.01* (1.66-2.42)
289 2.14* (1.90-2.42)
36 1.84% (1.38-2.45)
42 1.97* (1.47-2.66)
243 1.95% (1.70-2.24)
66 2.29% (2.15-2.44)
25 1.41%* (1.01-1.96)

Table 3.

Mean additional cost of hospital-acquired complications (HACs)

All costs are in 2017 Australian dollars. *Statistically significant at the level of P < 0.05. CI, confidence interval; ICU, intensive care unit

HAC

No. separations Additional cost (AS$; 95% CI)

Pressure injury

Falls resulting in fracture or other intracranial injury

Health care-associated infection

Surgical complications requiring unplanned return to theatre
Unplanned ICU admission

Respiratory complications

Venous thromboembolism

Renal failure

Gastrointestinal bleeding

Medication complications

Delirium

Urinary incontinence

Malnutrition

Cardiac complications

Third- and fourth-degree perineal laceration during delivery
Neonatal birth trauma

37 9311* (6296, 12325)
26 17 173* (10214, 24 131)
836 9117* (3407, 9827)
98 11553% (8722, 14383)
332 11640* (10046, 13233)
74 8939* (6364, 11514)
38 11 678* (7340, 16015)
12 8690 (—911, 18291)
68 11858% (7933, 15784)
186 9633* (7750, 11517)
289 9845% (8614, 11 075)
36 9018* (6373, 11 663)
42 9320* (6518, 12 123)
243 9040* (7745, 10336)
66 11280* (10272, 12289)
25 6931* (4593, 9270)

Increased LOS and the occurrence of HACs also showed a
strength and direction of association, with 11 of the 16 HACs
reporting a statistically significant risk of increased LOS
(Table 4). The unplanned ICU admission HAC was associated
with a 152% increase in LOS (IRR 2.52; 95% CI 1.93-3.28),
followed by third- and fourth-degree perineal laceration during
delivery (IRR 2.22; 95% CI 2.04-2.41) and surgical complica-
tions requiring unplanned return to theatre (IRR 2.22; 95% CI
1.40-2.50; Table 4). There was no statistically significant
evidence of an increase in the LOS associated with individuals
having the renal failure, malnutrition or respiratory complica-
tions HACs. The unplanned ICU admission HAC had the high-
est additional LOS, with an increased mean LOS of 5.43 days
(95% CI: 4.01 to 6.82) in patients experiencing this HAC
compared with an otherwise similar patient (Table 5). Increased

LOS per HAC occurrence is shown in Fig. 2, arranged in
decreasing order of impact with associated Cls.

Discussion

Identifying the HACs that have a high impact on an individual
health service and its patients is an important first step towards
creating a safer hospital environment and understanding the
economic burden associated with the HACs.'® Catastrophic
adverse patient events and HACs are also gaining significant
media attention, putting pressure on health services and placing
health care safety and quality in the national spotlight, with a
need for more clarity of patient outcomes.'>*° The inability to
measure and understand the impact of HACs places limitations
on the capacity of a health service to effectively seek to prevent
them. Therefore, when the impact of HACs can be measured, as
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Fig. 1. Hospital-acquired complications in order of mean additional cost. Whiskers indicate 95% confidence intervals. ICU, intensive care unit.

Table 4. Hospital-acquired complications (HAC) length of stay (LOS) model
The incidence rate ratio (IRR) was calculated as the ratio of the LOS in patients with an HAC to the LOS in patients without that HAC. *Statistically significant
at the level of P < 0.05. CI, confidence interval; ICU, intensive care unit

HAC

No. separations IRR (95% CI)

Pressure injury

Falls resulting in fracture or other intracranial injury

Health care-associated infection

Surgical complications requiring unplanned return to theatre
Unplanned ICU admission

Respiratory complications

Venous thromboembolism

Renal failure

Gastrointestinal bleeding

Medication complications

Delirium

Urinary incontinence

Malnutrition

Cardiac complications

Third- and fourth-degree perineal laceration during delivery
Neonatal birth trauma

37 1.78% (1.35-2.36)
26 1.54 (0.86-2.75)
836 1.67* (1.51-1.85)
98 1.87* (1.40-2.50)
332 2.52% (1.93-3.28)
74 1.12 (0.85-1.47)
38 1.40 (0.97-2.04)
12 0.97 (0.46-2.06)
68 1.77* (1.30-2.41)
186 1.70% (1.33-2.16)
289 1.67* (1.37-2.04)
36 1.78* (1.10-2.90)
4 1.01 (0.60-1.70)
243 1.26* (1.05-1.51)
66 2.22% (2.06-2.41)
25 1.56* (1.12-2.19)

with the approach used in the present study, their economic
consequences can be incorporated into a value-based healthcare
framework.”' By combining accurate cost and outcome mea-
surements, a health system can systematically attempt to reduce
HAC incidence and therefore greatly increase the value of health
care delivered to patients through improved outcomes and a
reduction in the total costs involved with patient care.*

As shown in the present analysis, there was heterogeneity in
the impact of individual HACs on NH. Although health care-
associated infections were the most frequently occurring HAC,

falls resulting in fracture or other intracranial injury and
unplanned ICU admission actually had the largest effects on
cost and LOS respectively. The additional information provided
by this study can be used by NH to inform strategies targeting
less-frequent, but higher-impact HACs. For example, since the
analysis has been completed, a Code Fall team has been
implemented at NH in response to the impact of the falls
resulting in fracture or other intracranial injury HAC.

Previous work has shown increases in cost and LOS for
HACS on a national scale, and an increase in LOS only at the
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Table 5. Additional length of stay (LOS) of hospital-acquired complications (HACs)
*Statistically significant at the level of P <0.05. CI, confidence interval; ICU, intensive care unit
HAC No. separations Additional LOS (95% CI)

Pressure injury

Falls resulting in fracture or other intracranial injury

Health care-associated infection

Surgical complications requiring unplanned return to theatre
Unplanned ICU admission

Respiratory complications

Venous thromboembolism

Renal failure

Gastrointestinal bleeding

Medication complications

Delirium

Urinary incontinence

Malnutrition

Cardiac complications

Third- and fourth-degree perineal laceration during delivery
Neonatal birth trauma

37 3.90% (2.81-4.99)
26 3.37(1.42-5.32)
836 3.53* (3.19-3.87)
98 4.07* (2.89-5.24)
332 5.42% (4.01-6.82)
74 2.45(1.79-3.11)
38 3.07 (1.93-4.21)
12 2.12(0.52-3.72)
68 3.86% (2.67-5.04)
186 3.69% (2.80-4.58)
289 3.63* (2.93-4.33)
36 3.90% (2.02-5.79)
4 2.21 (1.06-3.36)
243 2.74% (2.25-3.23)
66 4.87* (4.48-5.26)
25 3.42% (2.27-4.58)
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length of stay.

individual health service level.'>** The present study extends
this research by demonstrating increases in both cost and LOS at
an individual health service level in a contemporary dataset. The
study also provides other health services with an analytical
template to quantify the economic impact of HACs and subse-
quently develop tailored patient safety efforts corresponding to
their own casemix.

The present study has several strengths. One strength is the
use of a large linked administrative dataset to provide both cost
and LOS implications of HACs as defined by the ACQSHC on
an individual health service for the first time. Using linked
hospital data is a useful method for monitoring healthcare
system performance and can represent a key step in improving
health policy.>* The universal capture of admissions to a health

service prevents selection bias and allows for a large sample
size, therefore increasing the detection rate of rare and poten-
tially high-consequence events. The use of statistical techniques
appropriate to the data and context strengthens the validity of our
results, and the use of GLM models to appropriately adjust for
skewed data and control for a range of potential confounders
provides robust estimates of effect.

However, the study also has limitations that should be
considered when interpreting the results. The consequences
attributed to HACs in this study only represent those incurred
by NH during each in-patient separation. As such, the results do
not any include any flow-on costs from HACs, such as out-of-
pocket costs for patients or further contact with the broader
health system following discharge. As a consequence, these
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findings are likely to be a conservative estimate of the full
system costs associated with HACs.

HACSs occurring after discharge that are discovered in the
community would generally be treated in the community, or as a
second episode of hospital care, and these costs would not be
captured in the present study.? This is a reflection of the current
funding system; in particular, resources associated with HACs in
other spheres of the Australian health service (e.g. primary care)
have a limited effect on NH. Therefore, an analysis focused on
the in-hospital consequences has greater applicability to deci-
sions on the introduction of NH-focused HAC-mitigation strat-
egies. This limited scope does restrict the ability to assess the full
impact of an HAC and the benefits of eliminating them, and
future analysis would benefit from a systematic view of the
impact of HACs.

We controlled for age, sex, CCI, admission type and care type
when calculating the estimated difference in cost and LOS
between patients with and without an HAC. However, these
estimates may be improved in the future through the inclusion
of'additional admission-specific factors, such as diagnosis-related
groups or ICD coding. Furthermore, the results of this study are
contingent on the quality of the administrative dataset, where
low-quality coding of data may underrepresent the number of
events detected.”® Although a hospital’s administrative data may
not be a verbatim record of the clinical picture for each patient, it
is the major source of information used by the Victorian Govern-
ment for funding, performance monitoring, service planning and
quality of care.” In order to ensure quality and safety initiatives
developed from administrative data translate into safer long-term
care, continuously evolving the partnership between clinical
coders and the treating medical team should help translate patient
notes into appropriately defined ICD-10-AM codes.”’

The HACs used in this analysis, as defined by the ACSQHC,
are arguably limited in scope and highly aggregated.” A more
sensitive tool, such as the CHADx algorithm, may have detected
complications that are not captured by the current HACs list or
found important subpopulations within the aggregated HACs
list. For example, the HACs list only includes Stages III and IV
pressure injuries, whereas CHADx encompasses Stages [-IV
pressure injuries. Although a more detailed capture of HACs
may give a more granular view, this can cause separate issues. In
our 100% sample of 1 year’s admissions to a large metropolitan
health service, certain HACs were still quite rare, despite the use
of the aggregated ACSQHC definitions. Therefore, using a very
fine-grained assessment tool could suffer from low levels of
detection that can then lead to a limited ability to detect
statistically significant changes in reasonable time periods.

Conclusion

As health systems transition away from traditional activity-
based funding models towards the principles of value-based
health care, organisations having a firm understanding of the
costs associated with preventable harm will be become
increasingly relevant. This study found there was substantial
variation between the impact of HACs within an individual
health service. A minority of HACs were found to have a limited
effect on cost and LOS. Other HACs, such as falls resulting in
fracture or other intracranial injury and unplanned admissions to
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the ICU, were associated with substantial additional cost
(AS$17 173 and AS$11 640 respectively) and LOS (3.37 and 5.42
days respectively). This study has also established a method for
assessing the economic impact of individual HACs and could be
used by other individual health services to develop their own
targeted clinical risk minimisation strategies to influence a
value-based healthcare approach.
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