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Cost savings from use of a neonatal sepsis calculator in
Australia: A modelled economic analysis
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Aim: To estimate the change in average cost and length of stay (LOS) for the neonatal birth admission resulting from use of the neonatal early-
onset sepsis (EQS) calculator compared to guideline-based management, in an Australian perinatal health-care setting.

Methods: A decision-analytic model (decision tree) was constructed to assess admission cost and LOS with EOS calculator use compared to
guideline-based management. Probabilities of clinical sepsis-related outcomes were obtained via review of published literature. Costs and aver-
age LOS were obtained from Australia’s Independent Hospital Pricing Authority.

Results: EOS calculator use was associated with a reduction in costs of AUD$25806 and in average LOS of 25.4 days per 1000 babies
born. Sensitivity analyses demonstrated greater net benefits could be expected for services where there is a higher baseline rate of
antibiotic use.

Conclusion: This model demonstrates a significant cost reduction for the neonatal birth admission, associated with use of the EQS calculator
as compared to existing guidelines. The net benefit may be greater in Australia, where rates of empiric antibiotic use are reportedly high, com-
pared to some European countries and the United States. Future research opportunities include prospective collection of economic data along-

side the introduction of the EOS calculator.
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What is already known on this topic

1 Up to 250 newborns are treated with antibiotics for each case of
confirmed early-onset sepsis (EOS) in Australia.

2 Use of the EOS calculator reduces antibiotic use safely, but eco-
nomic analyses of its use are limited.

Neonatal early-onset sepsis (EOS) is defined as a positive blood
culture (BC) or cerebrospinal fluid (CSF) culture within the first
2 to 7 days of life." In most OECD countries including Australia,
the incidence of EOS has declined over recent decades and is
estimated at 0.5-1 per 1000 live births."? However, over-
investigation and over-treatment of neonates for suspected EOS
remains common."** Approximately 15-20% of newborns are
evaluated for EOS and 5-12% receive antibiotics.'**™®

Harms of antibiotic overtreatment in neonates include antimi-
crobial resistance, separation of mother and baby, decreased
breastfeeding rates, financial costs of treatment and longer hospi-
tal admissions, as well as long-term effects on the child’s micro-
biome, atopic profile (including asthma and food allergy rates)
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What this paper adds

1 This is the first Australian economic analysis of the EOS calculator.

2 Use of the EOS calculator resulted in significant predicted finan-
cial cost savings and decreased length of hospital stay for new-
borns, showing that financial cost savings are coupled with
other benefits of reducing antibiotic use in newborns.

and rates of inflammatory bowel disease.”™"> Australian infants
are treated with antibiotics at significantly higher rates within
their first year of life than infants in other high-income coun-
tries.!* Studies have also shown an empiric antibiotic commence-
ment rate in Australian neonates of more than double that
shown in Unites States (US) or European studies."*!>~17

The recently developed neonatal ‘EOS calculator’ is an algo-
rithm combining data on sepsis risk factors, local baseline EOS
rates and an individual infant’s clinical state.” It provides
standardised recommendations for investigation and treatment of
suspected EOS and has been shown to safely reduce empiric anti-
biotic use in neonates by 40-50% compared to contemporary
guidelines.'®'>'® Secondary outcomes have included reduction
in BC collection, testing of other blood markers of infection and
admissions to the neonatal nursery, and increased exclusive
breastfeeding rates.'#'>!'¢'® A recent study showed the EOS cal-
culator to have better predictive value of EOS than measurement
of full blood count and C-reactive protein, although procalcitonin
levels had marginally better predictive value than the EOS
calculator."®
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There may also be financial cost reductions associated with use
of the EOS calculator.® No studies evaluating the impact of the
EOS calculator have included a cost variable in their original data
collection. A recent cost-benefit analysis from the US modelled
cost-benefits of using the calculator in a high-risk subgroup of neo-
nates: those exposed to maternal intrapartum fever.?® Several
long-term consequences over the infant’s life-span were included,
and the authors found an overall net benefit.2® A 2020 study from
the Netherlands performed post-hoc analysis of three outcomes of
health-care utilisation and costs (length of stay (LOS), antibiotic
days, and EOS-related laboratory tests) before and after introduc-
tion of the calculator.’ The study showed a cost reduction in sub-
group analysis of term neonates, although the cohort was limited
to infants admitted to the neonatal nursery.*'

No study has measured the total anticipated cost reduction for
the birth admission, associated with implementation of the EOS
calculator in all infants within a birth cohort. No economic evalu-
ation has been conducted in an Australian context.

Methods
Development of the model

A cost analysis was performed by developing a decision tree to
model the clinical course of all infants born at or after 35 weeks’
gestation, with a specific focus on evaluation and treatment for
EOS. The model, boundaries and parameters were defined in a
structured fashion according to the techniques described by
Drummond ef al., 201522 and the Consolidated Health Economic
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Evaluation Reporting Standards (CHEERS) for reporting eco-
nomic evaluations.??

This model was designed for decision-making within the con-
text of Australian perinatal inpatient hospital settings. The popu-
lation of interest was all neonates born in an Australian perinatal
hospital setting, at or after 35 weeks’ gestational age and with a
birthweight of 2000 g or greater. The intervention was use of the
EOS calculator for all such infants. The comparator was use of
existing clinical practice or guidelines. Time horizon was limited
to the birth admission only, and costs were approached from an
Australian health-care provider perspective using Australian
Refined Diagnosis Related Groups (AR-DRGs). There was no
direct cost of using the EOS calculator compared to existing
guidelines, as the calculator is available on a website and
smartphone application without charge and requires negligible
additional staff time. This assumption is consistent with previous
cost analyses.>*2!

Figure 1 shows the decision tree, comprising decision nodes
and chance nodes.

The initial decision node reflects the choice between use of
the EOS calculator or standard guidelines. Chance nodes then
represent, firstly, whether the baby is initially started on
empiric antibiotics (defined as commencement of antibiotics
within the first 24 h of life). Once commenced, antibiotics
were assumed to continue until BC results were negative at
36 h. If a positive BC result was obtained, antibiotics were
assumed to continue for 5 days for treatment of sepsis (second
chance node). It was assumed that if a baby became clinically
unwell, antibiotics were continued for 5 days with a
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Empiric antibiotics in first 24
hours of life (p=0.028)

Suspected
4
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EEE——
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| Remains clinically well (p=0.996) |
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Fig 1 Decision tree. (+), positive; (—) negative; BC, blood culture; CSF, cerebrospinal fluid; EOS, early onset sepsis.
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presumptive diagnosis of sepsis — whether or not the BC was
positive. A clinically unwell baby, or a baby with a positive
BC, may have a positive CSF sample indicating meningitis
(third chance node).

For the purpose of this analysis, evaluation for sepsis and
related outcomes (suspected sepsis, true sepsis, bacterial meningi-
tis) were assumed to be the only medical conditions for each
baby (effectively, other comorbidities were excluded). The four
main outcomes, or end nodes, were therefore:

¢ a clinically well baby who is never admitted to the neonatal
nursery and never receives antibiotics,

e a baby who receives 36 h of antibiotics — diagnosis of
‘suspected sepsis’,

¢ a baby who is treated for 5 days with antibiotics — diagnosis of
‘sepsis’ (or similar diagnosis such as ‘true sepsis’, ‘EOS’ or
‘culture negative sepsis’), and

¢ a baby who is treated for meningitis — diagnosis of ‘bacterial
meningitis — bacteria not otherwise specified’.

Data sources

Clinical data were obtained from systematic review of the publi-
shed literature and are outlined in Table 1. Clinical data were
probabilities of empiric antibiotic commencement in the first 24 h
of life (a weighted mean from key studies was used for this out-
come given low heterogeneity of studies found in a previous

Table 1 Decision tree inputs: probabilities, range and sources

Economic analysis of sepsis calculator

systematic review'’), duration of treatment with antibiotics,
probability of each outcome diagnosis, and probability that a baby
who was not initially commenced on antibiotics became unwell
and was started on antibiotics after 24 h of age.

Cost data were obtained from publicly available data. Health-
care funding in Australia is based on case-mix, or Activity Based
Funding (ABF). The cost of hospital admission is based largely
upon the principal admission diagnosis, which determines the
AR-DRG. For the neonatal birth admission, the AR-DRG is based
on birthweight and gestation, rather than a diagnosis.?*?° A com-
plexity score for each admission is added, which considers addi-
tional diagnoses or complications that may increase admission
cost compared to the principal diagnosis alone. Therefore, in this
model, the endpoint diagnoses of ‘suspected sepsis’, ‘sepsis’ or
‘meningitis’ increase the complexity score and the birth admis-
sion cost for some neonates. Each AR-DRG also has an associated
expected average LOS (‘inlier LOS’), which has an acceptable
upper and lower range.

AR-DRGs associated with the birth admission, neonatal sep-
sis and neonatal bacterial meningitis were identified from the
Australian Government, Australian Institute of Health and
Welfare (ATIHW).?® Costs of each AR-DRG were obtained from
the Independent Hospital Pricing Authority (IHPA).>’ LOS
data were derived from AR-DRGs, from average inlier LOS
and LOS range. These were checked against expected clinical
treatment durations and found to be appropriate. Relevant
AR-DRGs were mapped to the clinical endpoints in the

Input (clinical diagnosis) Probability (base analysis) Range (sensitivity analyses) Source
EOS arm
Antibiotics given in first 24 h 0.028 0.026-0.076 ot 1
Clinically well, BC negative — receive 36 h antibiotics 0.35 0.3-0.85 i}, 25
(‘suspected sepsis’)
Clinically unwell OR BC positive (‘sepsis/EQS/true 0.65 0.15-0.7 15, 24226
sepsis/culture negative sepsis’) — receive 5 days
antibiotics
Antibiotics not given in first 24 h (1-0.028) 0.972
Becomes clinically unwell — treated antibiotics after 0.004 0.004-0.01 !
24 hold
Clinically well — never receives antibiotics 0.996
Treated for meningitis (positive CSF culture or raised 0.001 0.001-0.05 o 22/
CSF cell count) (‘bacterial meningitis’)
Guideline arm
Antibiotics given in first 24 h 0.051 0.048-0.12 I &
Clinically well, BC negative — receive 36 h antibiotics 035 0.3-0.85 15, 24-26
(‘suspected sepsis’)
Clinically unwell OR BC positive (‘sepsis/EQS/true 0.65 0.15-0.7 15, 24-26
sepsis/culture negative sepsis’) — receive 5 days
antibiotics
Antibiotics not given in first 24 h (1-0.051) 0.949
Becomes clinically unwell — treated antibiotics after 0.005 !
24 hold
Clinically well — never receives antibiotics 0.995
Treated for meningitis (positive CSF culture or raised 0.001 0.001 1,27
CSF cell count) (‘bacterial meningitis’)
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Table 2 Costs of outcomes (AR-DRGs) (Data taken from Australian Refined Diagnosis-Related Groups (AR-DGSs)?® and National Hospital Cost Collection

report®)
Outcome (clinical diagnosis) BW+ AR-DRG Cost (AUD) Average inlier LOS (range)
Gestation: > = 37 weeks
Birth admission — not admitted to the neonatal nursery >2500 g P68D $3635 3.3 (1-10)
<2500 gt P66D $6455 5.1 (1-15)
Admitted to nursery — receives 36 h antibiotics, BC negative >2500 ¢ P68D $3635 3.3 (1-10)
(suspected sepsis) <2500 gk P66D $6455 5.1 (1-15)
Admitted to nursery — treated for 5 days with IV antibiotics >2500 g P68C $5352 4.0 (1-12)
(sepsis/culture negative sepsis/true sepsis/early onset sepsis) <2500 gk P66D $6455 5.1 (1-15)
Meningitis (bacterial meningitis, not otherwise specified) — >2500 ¢ P68A $15 691 7.3 (2-23)
treated for 7 days <2500 gi P66D $6455 5.1 (1-15)
Gestation: > = 35 weeks, <37 weeks
Birth admission — not admitted to the neonatal nursery >2500 g P67D $9132 5.9 (1-17)
<2500 gt P66C $12 743 9.8 (6-15)
Admitted to nursery — receives 36 h antibiotics, BC negative >2500 g P67D $9132 5.9 (1-17)
(suspected sepsis) <2500 gi P66C $12 743 9.8 (6-15)
Admitted to nursery — treated for 5 days with IV antibiotics >2500 g P67D $9132 5.9 (1-17)
(sepsis/culture negative sepsis/true sepsis/early onset sepsis) <2500 gk P66C $12743 9.8 (6-15)
Meningitis (bacterial meningitis, not otherwise specified) — >2500 ¢ P67A $26 646 13.4 (4-39)
treated for 7 days <2500 gk P66C $12 743 9.8 (6-15)
iBirthweight.
<2500 g and > =2000 g (babies with birthweight <2000 g excluded).
decision tree, to obtain the cost and expected LOS for each Results

outcome, outlined in Table 2. All costs are expressed in Aus-
tralian dollars (AUD).

Statistical analysis

One-way deterministic sensitivity analysis was performed to test
the model by varying each parameter based on upper and lower
limits of range, obtained from best available estimates from the
literature. Parameters varied were rates of antibiotic commence-
ment, possible ‘worst-case’ scenarios to encompass possible
higher rates of missed sepsis and meningitis with use of the EOS
calculator, and variation in the proportion of infants treated for
36 h versus 5 days once commenced on antibiotics.

A probabilistic sensitivity analysis was performed using a
Monte Carlo simulation, with 10 000 model simulations. Given
lack of data on the distribution of input variables, a triangular dis-
tribution was used (requiring minimum, most frequent, and
maximum values); ranges were obtained from the literature (see
Table 1).

All calculations were performed using Microsoft Excel Version
16.16.23 and an Excel add-on ‘TreePlan’ was used to generate
visual data from sensitivity analyses.

Ethics approval

This study was deemed exempt from requiring ethical approval
(London School of Hygiene and Tropical Medicine ethics commit-
tee, reference 20201).

In the base analysis, implementation of the EOS calculator was
associated with a cost reduction for the birth admission of
$25806 per 1000 babies born, a change from $3992.26 per baby
admission in the guideline-based management arm to $3966.73
per baby admission in the EOS calculator arm (Fig. 2). The associ-
ated reduction in average LOS was 25.4days per 1000
babies born.

Variation of the percentage of babies empirically treated in
each arm demonstrated that baseline rate of antibiotic use was
positively associated with cost saving when the calculator is intro-
duced. Cost savings increase with increased baseline antibiotic
use (even if the relative reduction in antibiotic use from a high
baseline is lower than from a low baseline). Figure 3 plots antici-
pated cost savings against absolute reduction in antibiotic use.
Expected cost savings using baseline and post-calculator percent-
ages of empiric antibiotic use from the literature are
included.®'®> As noted earlier, empiric antibiotic use in the
Australian study was far higher that reported in European and
US studies.”®!> When the rate of empiric antibiotic use from the
previous Australian study is inputted into this model (rather than
the weighted mean used for base analysis), the anticipated cost
saving is as high as $47850 per 1000 babies born.

Deterministic sensitivity analyses of other relevant variables
showed that all modelled scenarios were still associated with a
net benefit (Fig. 4).

In probabilistic sensitivity analysis, using the EOS calculator as
compared to guideline-based management showed a net benefit
in approximately 94% of 10000 simulations (see Fig. SI1,
Supporting Information).
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Cost per 1000 babies born (SAUD)
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Fig 2 Cost difference: guideline-based arm versus EOS calculator arm.

Discussion

This paper presents a cost analysis of the implementation of the
EOS calculator compared to guideline-based management for the
commencement of antibiotics in neonates in Australia. This is the
first study world-wide to provide a comprehensive estimate of
cost savings associated with implementation of the EOS calculator
for all babies in a birth cohort (rather than only babies in higher-
risk groups).

The demonstration of a higher net benefit for services with
high baseline antibiotic commencement rates (shown in Fig. 3) is
particularly relevant to an Australian setting, given the high anti-
biotic use compared to Europe and the US. Based on this model,
the net benefit of introducing the EOS calculator in Australia
may be far greater than for countries with lower empiric antibi-
otic use. Figure 3 provides easy-to-interpret data for Australian
health services wishing to implement the EOS calculator, all-
owing individual hospitals to estimate the expected cost reduc-
tion, based on existing AR-DRGs for neonates, for their service.
Anticipated relative reductions in antibiotic use can be estimated
at 35-60% from the existing literature."”®'>!7 Health services

Economic analysis of sepsis calculator

can therefore calculate the expected range of absolute reduction
in antibiotic use from their own baseline rate (e.g. a service with
10% baseline antibiotic use would expect an absolute reduction
in antibiotic use of between 3.5-6% of babies). This can be plot-
ted to Figure 3 to determine an estimated cost reduction.

Review of the literature found that the proportion of infants
who, once commenced on antibiotics, continued these for a dura-
tion of treatment appropriate for ‘sepsis’ rather than ‘suspected
sepsis’ was similar across infants diagnosed by the calculator and
those by standard guidelines.'® The rate of continuation of antibi-
otics was consistent with that reported in other non-EOS calcula-
tor studies of neonatal sepsis.>*?> If twice as many babies were
commenced on antibiotics in the guideline-based management
group, and there was no increased rate of ‘missed’ sepsis noted
in the EOS calculator group, then it is likely appropriate to cease
antibiotics earlier on a larger number of babies. The calculator
therefore points to a need to identify and investigate methods to
assist in stopping antibiotics in neonates once they have been
started, which would help further in avoiding detrimental effects
of antibiotic over-use in addition to reducing costs.

The potential cost-saving associated with the EOS calculator
likely results from reduced nursery admissions and reduced diag-
nosis and treatment of EOS. While reducing admissions and diag-
noses represents a significant health and societal benefit and cost-
saving at the health system level, it also represents a possible loss
of funding for individual hospitals or neonatal nurseries in Aus-
tralia. A sustained reduction could even lead to an eventual revis-
ing down of the estimates of AR-DRG costs for neonates. This
represents a limitation of the ABF model of funding, which may
incentivise over-diagnosis, given that the primary diagnostic
group is directly linked to funding of individual hospitals.

Strengths and limitations

This study provides a novel and comprehensive perspective by ana-
lysing the total cost of admission for all babies in a birth cohort,

Sensitivity analysis: percentage of babies treated empirically with antibiotics

$80000.00

$70000.00

$60000.00

$50000.00

$40000.00

$30000.00

$20000.00

$10000.00

Birth admission cost saving, per 1000 babies born ($ AUD)

s.
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Deterministic sensitivity analysis: cost saving

Probability of ceasing antibiotics at 36 h, once started

EOS arm: Probability of 'missed case' -baby starts antibiotics
>24 hold

EOS calculator arm: Probability of meningitis in babies started
on antibiotics

EOS arm: Probability of 'missed meningitis': Baby starts
antibiotics >24h old and ends with positive CSF / raised CSF
count
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Fig 4 Deterministic sensitivity analy-
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and by analysing, through sensitivity analyses, the relationship
between cost of the entire birth admission and reduction in empiric
antibiotic use. It is the first Australian-based study of this kind.

There are some limitations to the analysis. Firstly, using a
weighted mean for the base analysis has skewed the rate of
empiric antibiotic use towards that reported in large European
and US studies. This may have led to an underestimate — the cost
saving estimated in sensitivity analysis from rates reported in the
Australian study was found to be higher. Second, simplifying
assumptions are always required to construct a decision model.
In particular, this model was limited (by choice) to the birth
admission. Long-term outcomes and their associated costs were
excluded. Some of these outcomes are less tangible, may be diffi-
cult to quantify and may require further research. Therefore, this
model is again likely to have under-estimated the overall cost
saving associated with implementation of the EOS calculator in
an Australian perinatal setting. The construction of a decision tree
also tends to simplify clinical decision-making into a limited series
of ‘yes/no’ options, which may not accurately reflect the com-
plexity of clinical practice.

Another limitation in the construction of this model was lim-
ited availability of data on outcomes other than empiric antibiotic
commencement, which has been the primary outcome of most
prospective studies thus far. Other outcomes including number of
days of antibiotic use and diagnostic tests performed would have
enabled a more granular analysis allowing identification of the
key cost drivers. Using AR-DRGs as the source of cost data also
presents a limitation, by not allowing different elements of the
cost of hospital admission to be separated. It was therefore not
possible to cost out each element of treatment within the birth
admission period. As a result, and due to the extent of the savings
identified in this study, a need for prospective economic data col-
lection alongside introduction of the EOS calculator in Australia
is highlighted. This model could be adapted to use granular cost
data within a prospective study.

Conclusion

Overtreatment with antibiotics for EOS in neonates is common
and has significant social, financial and clinical implications. This

sis for cost (relative effect of each
input variable on cost saving).

economic model demonstrates an anticipated reduction in cost of
the birth admission ($25804 per 1000 babies born) and LOS
(25.4 days per 1000 babies born). There was a higher cost saving
for services which had higher antibiotic use at a baseline — a find-
ing particularly relevant for Australian services with high rates of
antibiotic use. This study demonstrates that a benefit for neonates
can be achieved at a cost-saving for health systems. This has
important implications at a policy level for consideration of wide-
spread adoption of use of the EOS calculator in Australia and for
future research directions.
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