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Abstract
Objective To report trends in Australian hospitalisations coded for sepsis and their associated costs.
Design Retrospective analysis of Australian national hospitalisation data from 2002 to 2021.

Methods Sepsis-coded hospitalisations were identified using the Global Burden of Disease study sepsis-specific ICD-
10 codes modified for Australia. Costs were calculated using Australian-Refined Diagnosis Related Group codes and
National Hospital Cost Data Collection.

Results Sepsis-coded hospitalisations increased from 36,628 in 2002-03 to 131,826 in 2020-21, an annual rate of 7.8%.
Principal admission diagnosis codes contributed 13,843 (37.8%) in 2002-03 and 44,186 (33.5%) in 2020-21; secondary
diagnosis codes contributed 22,785 (62.2%) in 2002-03 and 87,640 (66.5%) in 2020-21. Unspecified sepsis was the most
common sepsis code, increasing from 15,178 hospitalisations in 2002-03 to 68,910 in 2020-21. The population-based
incidence of sepsis-coded hospitalisations increased from 18.6 to 10,000 population (2002-03) to 51.3 per 10,000
(2021-21); representing an increase from 55.1 to 10,000 hospitalisations in 2002-03 to 111.4 in 2020-21. Sepsis-coded
hospitalisations occurred more commonly in the elderly; those aged 65 years or above accounting for 20,573 (55.6%)
sepsis-coded hospitalisations in 2002-03 and 86,135 (65.3%) in 2020-21. The cost of sepsis-coded hospitalisations
increased at an annual rate of 20.6%, from AUD199M (€127 M) in financial year 2012 to AUD711M (€455 M) in 2019.

Conclusion Hospitalisations coded for sepsis and associated costs increased significantly from 2002 to 2021 and
from 2012 to 2019, respectively.
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Introduction

Sepsis is defined as life-threatening organ dysfunction
due to a dysregulated immune response to infection [1].
In 2017, the World Health Organisation (WHO) recog-
nised sepsis as a global health priority [2], and the Global
Burden of Disease (GBD) project estimated that in the
same year almost 50 million sepsis cases and 11 million
sepsis-related deaths occurred worldwide [3]. The GBD
estimate for Australia in 2017 was 55,217 cases and 8,700
deaths, 5.4% of Australian deaths that year.

Obtaining accurate population-based estimates for
sepsis epidemiology is challenging due to the absence of a
definitive diagnostic test. Most large scale epidemiologi-
cal studies use the WHO’s International Classification
of Diseases (ICD) [4] to estimate sepsis incidence and
trends [5, 6]. Although considerable variation in sepsis
estimates are reported based on different ICD coding
methods, the number of ICD codes and their version,
source of data and reference standard, they are currently
the only practical way to study trends in sepsis incidence
at the global, regional and national level [7].

Although other countries have reported an increasing
incidence of sepsis [8—10], we know little about trends in
sepsis hospitalisations in Australia. A 2014 report esti-
mated mortality rates for patients with sepsis admitted
to Australian ICUs that reported data to the Australian
and New Zealand Intensive Care Society Centre for Out-
come and Resource Evaluation (ANZICS CORE) [11]. As
reporting to ANZICS CORE is voluntary and does not
include all Australian ICUs or cases occurring outside of
ICU, those data give an incomplete picture of sepsis in
Australia. In 2020, the GBD project estimated the global
incidence of sepsis between 1990 and 2017 using death
certificate data and ICD codes to indirectly derive inci-
dence by estimating case fatality rates [3]. For individual
countries, including Australia, it only provided an inci-
dence estimate for 2017.

Internationally sepsis imposes a significant financial
burden on healthcare systems. Sepsis is ranked as the
most expensive clinical condition in the United States
with an annual cost of USD38.2 billion (€35.9 billion) in
2017 [12], while in Australia the total annual cost of sep-
sis is estimated to be between AUDI1.5 billion (€0.97 bil-
lion) and 4.8 billion (€3.1 billion) [13]. However, no study
has reported temporal trend of costs associated with sep-
sis hospitalisations in Australia.

To address these knowledge gaps, we estimated
national-level trends in sepsis-coded hospitalisations in
Australia between 2002 and 2021 and associated costs
between 2012 and 2019.
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Methods

This was a retrospective analysis of a national aggregated
dataset provided by the Australian Institute of Health
and Welfare (AIHW). As we used aggregated administra-
tive datasets the need for ethical approval was waived by
local regulations.

Data source

In Australia, all hospitalisations are assigned diagnos-
tic and procedural codes; International Statistical Clas-
sification of Diseases and Related Health Problems,
Tenth Revision, Australian Modification (ICD-10-AM)
codes by clinical coders and then grouped into Australia
Refined Diagnosis-Related Groups (AR-DRGs) to record
health conditions and resource use according to Austra-
lian Coding Standards [14].

Australian states report ICD-10-AM codes and AR-
DRGs for all hospitalised patients to the National Hos-
pital Admission Data Collection. This dataset contains
aggregated hospital admission data on patients admitted
to all public and private hospitals and is maintained by
the AIHW. For this study, we used this aggregated dataset
which includes principal and secondary diagnosis ICD-
10-AM codes [15] and AR-DRGs [16]. The estimated
resident population data for each corresponding year was
retrieved from the Australian Bureau of Statistics [17].

The estimated costs associated with sepsis-coded hos-
pitalisations were obtained using National Hospital Cost
Data Collection (NHCDC) of the Independent Hospi-
tal and Aged Care Pricing Authority (formerly known
as Independent Hospital Pricing Authority) [18]. The
NHCDC contains data on health system costs and a
mean length of stay to produce annual cost weights for
each AR-DRG and a National Efficient Price which is
based on the average cost of public hospital activity in a
given year. Between 2002 and 2014-15, two sepsis AR-
DRGs, Septicaemia with catastrophic complications and
comorbidities (T60A) and Septicaemia without cata-
strophic complications and comorbidities (T60B) were
in use. In 2015-16 a third sepsis AR-DRG, Septicaemia,
Minor Complexity (T60C) was introduced and T60A and
T60B were renamed as Septicaemia, Major Complexity
and Septicaemia, Intermediate Complexity, respectively
(see Supplementary file 1).

Time period for analysis

We assessed sepsis-coded hospitalisations between 01
and 2002 to 30 June 2021. Data for associated costs were
available and assessed for financial years 2012 to 2019.

Sepsis-coded hospitalisations identification

We identified sepsis-coded hospitalisations for each year
by retrieving the number of separations (principal and
secondary) for each sepsis-specific ICD-10-AM code
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included in an explicit method used in a recent Austra-
lian study [19] (see Supplementary file 2 for list of codes),
these codes were those used in the Global Burden of
Disease study modified for the Australian context. ICD
codes specific to newborn sepsis were excluded from the
analysis as the focus of this study was on adult and paedi-
atric (>1 year of age) sepsis-coded hospitalisations.

Data analysis

The total number of sepsis-coded hospitalisations were
calculated by adding all reported sepsis-coded hospitali-
sation types in a year. The sepsis-coded hospitalisation
incidence was calculated as follows:

Population-level sepsis-coded hospitalisation incidence
= (Total number of sepsis-coded hospitalisations/ Esti-
mated Resident Population) x 10,000.

Sepsis-coded hospitalisation incidence = (Total number
of sepsis-coded hospitalisations/ total number of hospital-
isations) x 10,000.

Age-distributed sepsis-coded hospitalisation incidence
= (Total number of sepsis-coded hospitalisations in a spe-
cific age group/ Estimated Resident Population) x 10,000.

Population estimates were taken from June each year
to be consistent with the reporting cycle of the National
Hospital Admission Data Collection.

The proportion of ICD-10-AM codes for the most
common sepsis-coded hospitalisation types and their
population-level incidence was also calculated for the
study period.

The associated cost for sepsis-coded hospitalisations in
a given year were calculated as follows:

Annual sepsis-coded hospitalisation associated cost
(AUD) = (Number of sepsis AR-DRGs x Average cost per
sepsis AR-DRG) + ... (Number of sepsis AR-DRGn x Aver-
age cost per sepsis AR-DRGn).

Subgroups

Sepsis-coded hospitalisations were calculated in follow-
ing age groups: paediatric (1-14 years), young adult (15—
39 years), middle-aged (40-64 years), elderly (65 years
and older). Additionally, we compared sepsis-coded hos-
pitalisations and their population-based incidence in the
following subgroups pairs: males versus females, age 65
and older versus younger, males aged aged 65 and older
versus females of same age.

Statistical analysis

A descriptive data analysis was undertaken using Micro-
soft Excel with trends in sepsis-coded hospitalisation
were calculated using a generalised linear regression
model of Joinpoint, version 4.8.0.1 (National Cancer
Institute, Bethesda, MD, USA) and reported as aver-
age annual percentage change along with 95% confi-
dence intervals (CI). A constant variance was assumed,
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and autocorrelation and adjustment for seasonal effects
was not needed as data were compared by calendar year.
Annual changes in incidence in subgroup pairs were
compared using linear regression with SPSS statistical
software, (IBM Corp. Released 2020. IBM SPSS Statis-
tics for Windows, Version 27.0. Armonk, NY: IBM Corp).
Statistical significance was set at p<0.05 with no adjust-
ment for multiple comparisons.

Results

Sepsis-coded hospitalisations

The total number of hospitalisations coded as sepsis
increased from 36,628 in 2002-03 to 131,826 in 2020-21
with a mean increase of 7.8% per year.

Sepsis codes within principal diagnosis codes increased
from 13,843 in 2002-03 to 44,186 in 2020-21 (an increase
of 219%), whereas secondary diagnoses codes increased
from 22,785 in 2002-03 to 87,640 in 2020-21 (an increase
of 256%). (Fig. 1 and Supplementary file 3; Table SI)
The most common sepsis code was “unspecified sepsis”
(A41.9), accounting for 41.4% of the total sepsis-coded
hospitalisations in 2002-03 and 52.3% in 2020-21. The
number of hospitalisations coded as unspecified sepsis,
increased from 15,178 in 2002-03 to 68,910 in 2020-21.
Hospitalisations coded as septic shock (R57.2) increased
from 8,859 in 2010-11 to 16,777 in 2020-21 whereas SIRS
of infectious origin with organ failure (R65.1) reduced
from 2,620 to 594 during same time period. Both these
codes were recorded from 2010 to 11 onwards only and
all were secondary diagnosis codes. (Fig. 1 and Supple-
mentary file 3; Table S1)

Sepsis-coded hospitalisations by age groups are shown
in Fig. 2. Sepsis-coded hospitalisations in those aged
65 years and above increased from 20,573 in 2002-03
to 86,135 in 2020-21, an increase of 318.7%. Amongst
other age groups, sepsis-coded hospitalisations increased
from 9144 to 31,060 (increase of 239.7%), 4750 to 11,900
(increase of 150.5%) and 1827 to 2188 (increase of 19.8%)
in those aged between 40 and 64 years, 15 to 39 years and
1 to 14 years respectively.

Sepsis-coded hospitalisation incidence and trends

The population-based and hospital-based incidences
of sepsis-coded hospitalisations increased from 18.6 to
51.3/10,000 population and 55.1 to 111.4/10,000 hos-
pitalisations respectively during the study period. The
average annual percentage increase for population-based
and hospital-based sepsis incidence were 5.8% (95%
CI: 2.9-8.7%) and 4.1% (95% CI: 1.0-7.3%), respectively
with both being statistically significantly different from
zero (p<0.01) (Supplementary file 3; Figure S1). The
two time points at which a notable change in the trend
of sepsis-coded hospitalisations incidence was observed
were 2012-13 and 2016-17. Population-based incidence
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Fig. 1 Sepsis-coded hospitalisations by sepsis ICD-10-AM codes. Note: Hospitalisations coded as other sepsis codes were calculated by adding hospitali-
sations coded as sepsis ICD-10-AM codes other than the top six sepsis ICD-10-AM codes displayed in the graph; ICD-10-AM: International Classification
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of sepsis-coded hospitalisations for unspecified sepsis
(A41.9) increased from 7.7 to 26.8 per 10,000 population
during the study period whereas for other common sep-
sis codes such as sepsis due to unspecified gram-negative
organisms (A41.5), it increased from 4.0 to 8.0 per 10,000
population and for septic shock (R57.2), from 3.8 to 6.5
per 10,000 population during the study period. (Fig. 3)

Sepsis-coded hospitalisations and incidence in subgroups
Hospitalisations coded as sepsis and their population-
based incidences in predefined subgroups are shown in
Supplementary file 3; Table S2 and Figure S2. Sepsis-
coded hospitalisations increased more in elderly patients
(those age 65 and over) than in younger patients; differ-
ence in average annual percentage change 8.5% (95% CI:
4.8-12.3%), P<0.01. Average annual percentage change
was not different in males versus females (difference
1.4% (95% CI -2.3-5.1%), P=0.46) or in elderly males ver-
sus elderly females (difference 2.8% (95% CI -1.6-7.3%),
P=0.21).

Sepsis-coded hospitalisations associated costs (table 1)

In Australia the total annual cost associated with sep-
sis-coded hospitalisations increased from AUD199M
(€128 M) in 2012 to AUD711M (€455 M) in 2019, an
average annual percentage increase of 16.7% (95% CI:
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5.5-29.2%) (p<0.01). The number of hospitalisations
assigned AR-DRG ‘Septicaemia with catastrophic out-
comes’ until 2014-15, thereafter Septicaemia, Major
Complexity (T60A) increased from 7598 to 12,974 dur-
ing the financial years 2012-15. Introduction of a third
sepsis AR-DRG ‘Septicaemia, Minor Complexity’ (T60C)
in financial year 2015-2016 was associated with a reduc-
tion in the number of hospitalisations assigned to Sep-
ticaemia, Major Complexity (T60A) in that year which
then consistently increased to 12,288 in 2018-19. The
number of hospitalisations assigned AR-DRG ‘Septi-
caemia without catastrophic outcomes’ until 2015-16,
thereafter Septicaemia, Intermediate Complexity’ (T60B)
increased from 9578 in 2011-12 to 16,611 in 2018-19. The
number of hospitalisations assigned Septicaemia, Minor
Complexity’ (T60C) increased from 12,811 in 2015-16
(the year it was introduced) to 16,030 in 2018-19. Details
of the cost weight, average cost per AR-DRG for sepsis-
associated AR-DRGs and the Australian national efficient
price are provided in Table 1.

Discussion

Statement of key findings

We found a significant increase in sepsis-coded hos-
pitalisations in Australia between 2002 and 2021 and
associated costs between 2012 and 2019. Sepsis-coded
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Fig. 3 Incidence of sepsis-coded hospitalisations by ICD-10-AM codes. Note: Hospitalisations coded as other sepsis codes were calculated by adding
hospitalisations coded as sepsis ICD-10-AM codes other than the top six sepsis ICD-10-AM codes displayed in the graph; ICD-10-AM: International Clas-
sification of Diseases Australian-modification. Code R57.2 for septic shock was introduced in 2009-2010
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Table 1 Sepsis AR-DRGs and associated cost in Australian dollars (Euro, €)

Total annual

cost

T60C - Septicaemia, Minor
Complexity*

Cost

National T60A - Septicaemia, Major Complexity* T60B - Septicaemia, Intermediate

Efficient
Price

Year

Complexity*
Cost

Num- As-

Average

Num- As-

Average

As-

Average  Number

Cost

soci-

ber of
AR-DRG AR-DRGs

weight cost per

soci-

ber of

of AR-DRG soci- weight cost per

weight cost per

ated
cost

ated
cost

AR-DRGs

AR-DRG

ated
cost

AR-DRG

199 M (€128 M)
216 M (€140 M)
253 M (€164 M)
453 M (€292 M)
394 M (€255 M)
549 M (€355 M)
592 M (€283 M)
711 M (€455 M)

Septicaemia, Intermediate Complexity was known as Septicaemia without catastrophic outcomes until

Septicaemia, Minor Complexity was introduced in year 2016-17; M: Million; AR-DRG: Australian Refined Diagnosis-Related Groups

75M

9,578
9,802

7,819

17
1.6
15

124 M

7,598
9,115

16,301
15,409
15,278
24,575
25461
24,937
26,384
29,040

35
3.1

4,676

2011-12

76 M

7,732

140 M

175M
319M 25

4,808

2012-13

78 M

10,406
10,575
12,329
16,637
15,988
16,611

7,690

12,694
12,643
11,530
12,609
14,306

11,095
12,974
5,793

10,261
10,571
12,288

3.1

4,993

2013-14
2014-15
2015-16

134 M

47

5,007

12,811 91

7,109
6,651

14
1.3
1.3
14

156 M

147 M 24
256 M 22

4.7

4,971

123
107

18,538
16,964
16,030

170 M
202 M
238 M

48

4,883

2016-17

(2023) 23:1319

6,287
7,240

284 M 26

55

4910

2017-18

16

1

357M 29

Septicaemia, Major Complexity was known as Septicaemia with catastrophic outcomes until 2015-16); *T60B

2015-16; T60C

58

5012

2018-19
*T60A

Note: The National Efficient Price is determined by the Independent Health and Aged Care Pricing Authority (formerly Independent Hospital Pricing Authority) and is used to determine the national efficient cost for health

care services provided by public hospitals. Cost per hospital episode is calculated by multiplying the National Efficient Price by an assigned cost weight
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hospitalisations increased with age, particularly in those
aged 65 years and above. The majority of sepsis codes in
sepsis-coded hospitalisations were secondary diagno-
sis codes, and coding for unspecified sepsis accounted
for the majority of the increase, both these findings may
reflect poor or inconsistent documentation of sepsis in
clinical records.

The increase in sepsis-coded hospitalisations was par-
ticularly marked between 2015 and 17 which coincided
with the revision of the Australian Coding Standard for
sepsis, suggesting that at least some of the increase may
be due to changes in coding practices possibly aligned
with increased awareness of sepsis. Factors that may pro-
duce an increase in the true incidence of sepsis include
an ageing population, more widespread use of immuno-
suppressive treatments and improved survival in other
conditions such as vascular diseases and a variety of
malignancies. The disproportionate increase in hospitali-
sations coded as unspecified sepsis could be either due
to inconsistencies in clinical documentation or coders
unsure of the documentation.

Comparison with previous studies

Estimates of sepsis incidence using ICD coding use
two broad approaches. The first approach is to count
only episodes where a specific sepsis code is recorded,
this is referred to as the explicit criteria [6]. The second
approach is to count episodes where a code for infection
is combined with a code that indicates organ dysfunc-
tion, referred to as implicit criteria as the presence of
infection and organ dysfunction implies sepsis [6]. Both
these methods have limitations. Notably for the implicit
criteria the temporal and causal relationships between
infection and organ dysfunction are assumed rather than
proven. In a recent US study that used retrospective
clinical diagnosis to examine the accuracy of these meth-
ods the explicit method undercounted sepsis while the
implicit criteria significantly over counted sepsis [7].

Two other Australian studies have reported changes in
sepsis-coded hospitalisations over shorter time periods
[20, 21]. Both studies reported an increase in the number
of sepsis-coded hospitalisations during their periods of
study. The finding of most sepsis-coded hospitalisations
being secondary diagnosis codes in our study is similar
to the another study conducted for the Australian Com-
mission of Safety and Quality in Healthcare [22]. Similar
studies conducted in other countries during the same
period reported widely varying incidences of coding of
sepsis. Imeda et al. [23]. reported an increasing trend of
sepsis in Japan with annual increase of 0.30% between
2010 and 17 which is much lower than our study (5.8%).
Martin et al. [24] reported an annual increase of 8.7% in
the sepsis incidence in the US between 1979 and 2000
which is higher than our study but was conducted prior
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to our study. In a later study of the Medicare benefited
population in the US between 2012 and 2018, Buch-
man et al. reported similar results to ours with a trend
of increasing sepsis hospitalisations and associated costs.
Three studies reported sepsis trends in Spain, first [25]
reported a lower sepsis incidence compared to our study
(6.4 to 10.5 per 10,000 population during 2006-11), sec-
ond [8] used a broader Angus criteria and wider dura-
tion and reported similar incidence (29 and 48 per 10,000
population in 2000 and 2013, respectively) while third
study in young adults reported lower incidence ranging
between 1.4 and 1.7 per 10,000 population between 2006
and 15 with an annual average percent change of 1.5%
[26]. Lastly, a study conducted in Taiwan [27] reported a
much higher sepsis incidence ranging from 62.3 to 64.7
per 10,000 population during 2010-14 but did not report
an increasing incidence over time.

In Australia, a new sepsis AR-DRG of “septicaemia,
minor complexity” was introduced in 2015-16 which
was subsequently assigned to about 40% of the total sep-
sis related AR-DRGs. As it assigns the lowest cost, this
resulted in marked reduction in estimated total cost of
sepsis-coded hospitalisations in that year. In our study
the annual cost of sepsis-coded hospitalisations in Aus-
tralia was AUD711M (€455 M) in the financial year 2018-
19 which is similar to the direct cost of sepsis estimated
in another Australian report [13].

Strengths & limitations

The strengths of our study include the use of a reliable
prospectively collected national database consistently
maintained over a 20-year period and the use of ICD
codes modified from the Global Burden of Disease Study
with the assistance of the lead author of that study [3].
However, our study has limitations including those inher-
ent in using ICD coding to study sepsis epidemiology.
Moreover, it is not possible to quantify the contributions
of an actual increase in sepsis cases versus changes in
coding practices and increased awareness about sepsis
to the observed increase in sepsis-coded hospitalisations.
Lastly, hospitalisation costs were not available for the
entire study duration which means we could not compare
the trends in sepsis-coded hospitalisations with the asso-
ciated cost over the same periods.

Implications for clinicians, researchers, and policymakers

Notwithstanding the limitations noted above, it is clear
sepsis places considerable burden and costs on the
healthcare system and community. Thus, training in the
recognition and management of sepsis and to document
sepsis accurately in medical records should be a high pri-
ority for clinicians. ICD coding is currently the only prac-
tical way to study sepsis epidemiology at scale and over
time. Research to improve the accuracy of sepsis ICD
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coding would enable standardised and more robust case
identification. The increasing incidence and cost associ-
ated with sepsis-coded hospitalisations emphasizes the
need for policy makers to take the steps recommended
in the WHO resolution to improve the prevention, rec-
ognition and management of sepsis and so to reduce its
human and financial burden [2].

Conclusion

In Australia, there has been a significant increase in sep-
sis-coded hospitalisations over the last 20 years and also,
where data is available, in associated costs. The increase
in incidence has occurred mainly in those aged 65 years
and over, and predominantly due to an increase in cod-
ing of unspecified sepsis. Strengthening the use of ICD
coding to study sepsis, as recommended by the WHO,
should be a research and policy priority.
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