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Introduction: Sternal wound infections (SWIs) are severe adverse events of cardiac
surgery. This study aimed to estimate the economic burden of SWIs following coronary
artery bypass grafts (CABG) in Australia. It also aimed to estimate the national and hospital
cost-benefit of adopting single-patient electrocardiograph (spECG) systems for CABG mon-
itoring, a measure that reduces the rate of surgical site infections (SSIs).

Material and Methods: A literature review, which focused on CABG-related SSIs, was
conducted to identify data which were then used to adapt a published Markov cost-effec-
tiveness model. The model adopted an Australian hospital perspective.

Results: The average SWl-related cost of care increase per patient was estimated at 1022
Australian dollars (AUD), and the annual burden to the Australian health care system at
AUD 9.2 million. SWI burden comprised 360 additional intensive care unit (ICU) days; 1979
additional general ward (GW) days; and 186 readmissions. Implementing spECG resulted in
103 fewer ICU days, 565 fewer GW days, 48 avoided readmissions, and a total national cost
saving of AUD 2.5 million, annually. A hospital performing 200 yearly CABGs was
estimated to save AUD 54,830.

Conclusion: SWIs cause substantial costs to the Australian health care system.
Implementing new technologies shown to reduce the SWI rate is likely to benefit patients
and reduce costs.

Keywords: sternal wound infection, surgical site infection, electrocardiography, patient
readmission, patient safety, medical economics

Introduction

Healthcare-associated infections are a major issue in Australia,"* with more than
165,000 annual cases, making it the most common complication for hospital
patients.> A 2018 study which included 2767 patients from 19 Australian hospitals
found that surgical site infections (SSIs) were the most common hospital-acquired
infections, making up almost a third of total infections. SSIs are infections occur-
ring after surgery, at the part of the body where the surgery was performed. They
are avoidable but occur too frequently, impairing patient recovery and placing a
substantial burden on hospital budgets.*

Extensive work is being undertaken in Australia to decrease the avoidable
demand for healthcare, including infections and readmissions. An avoidable read-
mission is defined as a readmission that could have been evaded through improved
clinical management.® The Australian Commission on Safety and Quality in Health
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Care (ACSQHC) consider an SSI within 30 days of index
admission an avoidable SSl-related readmission. In an
effort to
(HACs) and integrate safety and quality into hospital
reimbursement, the Independent Hospital Pricing
Authority (IHPA) has introduced funding penalties. They
apply to 16 different HACs including SSI.” With the
penalties in place, hospitals no longer receive reimburse-

reduce healthcare-associated complications

ment for costs incurred as a consequence of SSIs.®
Coronary artery bypass graft (CABG) is the most
common cardiac surgery in Australia, with almost 9000
procedures performed annually in public hospitals.” !
Sternal wound infections (SWIs), a subset of SSIs where
the infection occurs at the sternal wound site, are one of
the most costly and severe cardiac surgery adverse events
and their occurrence will have a large impact on hospital
finances. SWIs increase patient length of stay (LoS), may
lead to patients requiring expensive treatment, and can
present after discharge leading to unplanned readmission.
Postoperative mortality rates for deep SWIs have been
estimated at up to 30%, and SWIs have been shown to
more than double treatment costs.'> Reports indicate that
circa 3.6% of Australian CABG patients develop SWIs."
Several care improvement initiatives have been suc-

14716 showing that

cessful in reducing the rate of SWIs,
the introduction of new medical technologies has the
potential to eliminate a subset of avoidable infections.
Key changes which have proven effective include the
introduction of impregnated sutures, new wound dressings,
and single-patient-use electrocardiograph (spECG) cable
and lead systems.'” All CABG patients are monitored
with ECG during hospitalization. Reusable ECG (rECG)
systems are standard in most Australian hospitals, despite
the literature indicating that rECG can be vectors for cross
contamination.'®2° In Australia, the use of rECG has been
linked to an intensive care unit (ICU) outbreak of
Vancomycin-Resistant Enterococcus (VRE).?' Lower con-
tamination rates are seen with spECG.'*'> A United States
(US) analysis of 27,000 CABG procedures found a 25%
reduction in SSI following CABG in hospitals implement-
ing spECG.'®

Evidence to date indicates that spECG may be a rela-
tively easy-to-implement update to patient monitoring that
has the potential to improve patient safety and health
system efficiency. This study explores the impact of imple-
menting spECG utilizing a model simulating the
Australian CABG care pathway. The aim of the study

was to estimate the economic burden of SWIs following

CABG in the Australian healthcare system, and to estimate
the national and organization-specific cost-benefit of
adopting a new medical technology that reduces the rate
of SSIs.

Materials and Methods

Literature Review

An integrative literature review was undertaken using
PubMed, with the objective to identify data to populate
the simulation model. The review, conducted in 2018,
focused on recent studies of CABG-related SSI in
Australia. The search strategy was limited to literature
published in English language between 2008 and 2018.
A total of 71 unique articles were selected for screening.
After excluding articles: not related to CABG or SSI, not
containing incidence or cost data, specific to harvest-site
infection, presenting data from before 2000, and not
focused on Australia, 23 articles remained for full-text
review (Figure 1). Model input data extracted from the
sources included incidence rates, LoS, and costs. The
literature review was rerun in November 2019, with no
newer data relevant to the model identified.

Markov Model

The CABG care pathway in Australia was simulated using
a previously published cost-effectiveness Markov model,**
which was adapted to take an Australian hospital perspec-
tive. The adaptation was informed by the clinical experi-
ence of infection control specialist Prof Shaban and the
clinical practice of his group. The model simulates the
progression of a patient cohort undergoing CABG and
receiving ECG monitoring with either spECG or rECG.
The initial model cycle length was 1 day, until day 91,
after which the cycle length was quarterly (91.3 days). The
model simulated outcomes over 1 year, a time period
relevant to hospital budgets.

As depicted in Figure 2, patients start in the “CABG”
state, representing the procedure day. During each cycle,
patients either remain in their current state or transition to
another as indicated by the arrows. Following the standard
CABG pathway, patients are initially transitioned from the
CABG procedure to the ICU with mechanical ventilation
(MV), followed by ICU without MV, after which they are
moved to the general ward (GW) and finally discharged,
either to home or to a care facility. Some patients require
prolonged MV before returning to the above-described
standard pathway. Each health state is associated with
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Unique artides (71)

> No CABG data (31)

Excluding artides marked as "No CABG data” (40)

> No SSI data (4)

Exduding articles marked as "No SSldata”(36)

> No incidence or costdata (4)

Exduding articles marked as "No incidence or cost data” (32)

> Harvest site data (1)

Excluding arides marked as "Harvestsite data” (31)

> Datapre-2000 (2)

Excluding artides marked as "Data pre-2000" (29)

> Not Australian data (6)

Exduding articles marked as "NotAustralian data” (23)

Figure | Literature review screening flow-chart.
Abbreviations: CABG, Coronary Artery Bypass Graft; SSI, Surgical Site Infection.
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Figure 2 Model overview.
Abbreviations: CABG, Coronary Artery Bypass Graft; ICU, Intensive Care Unit; MV, Mechanical Ventilation; GW, General Ward; SWI, Sternal Wound Infection.
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specific costs. At any stage of the simulation, patients may
suffer an incident SWI, either superficial or deep. In the
inpatient setting, the SWI creates costs related to pro-
longed GW and ICU stays. Outpatient SWIs result in
either outpatient care (superficial) or readmission (deep).
The potential for patient mortality exists in every health
state.

The probability of transitioning from one health state to
another is calculated from data found in peer-reviewed
literature. Calculation of transition probabilities is
explained in the original model publication.”? In this
instance, data from Australian sources (Table 1) were
used in the calculations.

As it was considered implausible to have CABG pro-
cedures on consecutive days, patients cannot “re-enter” the
“CABG” state. Additionally, reoperation after day 91 is
not included in the model. This modelling choice was
based on the SYNTAX trial, in which only 0.1% of
patients had repeated CABG over a 5-year period.”

The model was designed to be flexible and accept local
inputs, with the purpose of enabling tailored outcomes for
specific local settings. Populating the model with
Australian data derived a base case for the clinical (addi-
tional hospital days and readmissions) and economic (cost)
burden of SWIs in the Australian healthcare system. In the
cases where no Australian data could be identified, US
data from the original model was utilized. The input data
and sources used are presented in Table 1. The population
base case values were based on data from the Australian
and New Zealand Society of Cardiac and Thoracic
Surgeons (ANZSCTS) registry. Registry data were col-
lected in 2001 to 2010 from 23 hospitals, with 109 sur-
geons, and included 20,619 patients with isolated CABG
surgery.”> The average age was 68 years, 24.8% of patients
were female, 3.3% were morbidly obese (Body Mass
Index [BMI]>40), and 29% had diabetes. As per clinical
data, morbidly obese patients remained on average an
additional 4 days in the ICU and were at additional risk
of deep SWI (DSWI) and mortality.z“’25 Diabetes was
associated with an additional risk of DSWI.?® The addi-
tional LoS due to SSIs was 7.5. Two inputs from different
sources were identified for additional LoS due to DSWI:
16 days®’ and 42 days.”® The base case conservatively
assumes 16 days. The impact of assuming 42 days was
explored in a sensitivity analysis.

The risk of SSI (3.6% after 30 days) and the DSWI
proportion of SSIs (36.1%) were based on data on CABG
surgeries performed between 2003 and 2012 in three

public hospitals in Queensland.'> The impact of using
spECG was sourced from a Medicare analysis which indi-
cated an odds ratio (OR) for developing SSI of 0.74,
indicating a 26% reduction of the odds of infection com-
pared to rECG."'®*? In-hospital mortality was sourced from
ANZSCTS data,” and mortality risks were modelled
using gender and age stratified life tables.** Costs were
sourced from public tariffs and published literature and
presented in 2019 Australian dollars (AUD). The analysis
adopted a hospital perspective, only considering costs to
the hospital administration.

One-way (OWSA) and probabilistic (PSA) sensitivity
analyses were undertaken to evaluate how potential varia-
tion in input values would impact the results, and to
determine key outcome drivers with respect to the cost
burden. Details on parameter sampling for the PSA can be
found in the original model publication.”? Results are
reported as the median (95% credible interval [Crl])
outcome.

Results

The average per patient LoS under current standard of care
using rECG was estimated at 8.7 days (95% CrI 6.8-11.0),
with a per patient cost of AUD 37,595 (95% Crl AUD
31,076—AUD 44,922) and a total annual national cost of
AUD 336,548,332 for the modelled procedures. The
results closely correspond to official figures of 8.6 days
LoS and a per patient cost of AUD 36,775 published by
the Australian government.'®

The average increase in the cost of care per patient due
to SWIs was estimated at AUD 1022. With 8952 CABG
separations annually in Australia, the resulting annual
burden of SWIs to the Australian health care system was
AUD 9.2 million (95% Crl AUD 6.4-AUD 15.1 million).
The SWI costs were comprised of 360 additional ICU
days, 1979 additional GW days and 186 readmissions, of
which 41 occurred within 30 days of the CABG procedure,
and 55 within 30 days of discharge.

As presented in Table 2, over a 1-year time horizon, the
implementation of spECG resulted in 103 fewer ICU days
(95% Crl 44-223), 565 fewer GW days (95% Crl
230-1372), 48 avoided readmissions (95% Crl 23-82)
and a total national cost saving of AUD 2.5 million
(95% Crl AUD 1.2 million—AUD 5.0 million).

Taking a single-hospital perspective over 1 year, a
hospital performing 200 CABG procedures annually was
estimated to save AUD 54,830 with the implementation of
spECG. This was due to fewer ICU days (-2), GW days
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Table | Base-Case Parameters

Leads-off alarm, care minutes per event

Input Value Variance Source
Population Characteristics

Age, years (range) 68 (58-73) 2.30 [13,23]
Gender, % female 24.8 0.30 [23]
Obese patients, % 327 033 [23]
Morbidly obese patients, % 3.27 0.12 Assumption that | in 10 obese patients is morbidly obese
Diabetes, % 29 0.32 [23]
Clinical Setting

Annual CABG procedures in Australia, N 8952 [9-11]
Time on MV, days (range) 0.5 (0.5-30) [29]
Time in ICU, days (range) 1.53 (0.5-30) [30]
Hospital time, days (range) 8.4 (5.2-13.8) 1.79 [31]
LoS SSI, days 7.46 3.73 [30]
LoS DSWI, days 16 8.0 [27]
Prolonged MV patients, % (range) 5.3 (3.8-9.5) [32]
ECG monitoring, days (range) 6 (5.2-13.8) 1.79 [31]
Discharge home, % 74.5 0.17 [33]
Facility stay, days (range) 27 (10.6-62.7) 11.91 [34]

30 days in-hospital mortality, % (range) 0.4 (0-1.6) 0.3 [23]

30 days SSIs (% of which DSWIs) 3.6 (36.1) [13]
False alarms, N per 100 patient days 57 1.43 [I5]
Leads-off alarms, N per 100 patient days 40.9 4.92 [I5]
Relative Risk of Events

LoS ICU, morbidly obese, RR (range) 4 (1.6-22.4) 5.10 [25]
DSWI, morbidly obese, RR (range) 13.1 (2.4-51.7) [24]
DSWI, diabetic, RR (range) 1.6 (0.2-3.1) 0.20 [26]
Prolonged MV, morbidly obese, RR (range) 1.73 (1.25-2.29) 0.10 [25]
Hospital mortality, morbidly obese, RR (range) 1.64 (0.99-2.51) 0.18 [25]
spECG SSI, OR (range) 0.74 (0.56-0.95) 0.09 [16,22]
spECG false alarms, RR (range) 0.81 (0.55-1.14) 0.13 [I5]
spECG leads-off alarm, RR (range) 0.71 (0.46-1.03) 0.15 [I5]
Costs (AUD 2019)

rECG cost per patient use 9.4 Calculated value based on®® and assumptions'
spECG cost per patient use 20 Data on file, Cardinal Health
CABG 14,665 1466 [36]
Mechanical ventilation 2433 248 [37]
ICU per day 4875 885 [38]
General ward per day 2104 210 [36]
Nurse time, per hour 55 5.58 [39]
Inpatient SSI 66 25 [30]
Outpatient care for SSI 924 47 [40]
Inpatient DSWI 66 25 [30]
Readmission for DSWI 19,943 2035 [41]
False alarm, care minutes per event 2 Estimate of acknowledged contributor, Prof. RZS¥

Notes: fLead and cable cost from MedShop®® (Welch Allyn 10-lead replaceable lead set CP100/CP200 and digital ECG Patient cable, 10-lead with replaceable leads AHA
CP). Accessed Jan 9, 2019. Assumed use: |-year, average wear time 6 days, |-day turn-around: 52 patient uses. ¥Professor Ramon Z. Shaban, Chair of infection prevention
and disease control at the University of Sydney and Western Sydney Local Health District.
Abbreviations: CABG, Coronary Artery Bypass Graft; DSWI, Deep Sternal Wound Infection; ECG, Electrocardiograph; ICU, Intensive Care Unit; LoS, Length of Stay; MV,
Mechanical Ventilation; OR, Odds Ratio; RR, Relative Risk; rECG, reusable Electrocardiograph; spECG, single-patient Electrocardiograph; SSI, Surgical Site Infection.

(—13) and readmissions (—1). The mean cost saving per
patient was AUD 274, representing a 26-fold return on

investment.

OWSA varying the cost inputs by 50% showed that the
cost of an additional DSWI day had the largest impact on
the results. Reducing the DSWI cost by 50% resulted in
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Table 2 Base Case Results, ICU Days, GW Days and Readmissions, spECG versus rECG

ICU days GW days Readmissions Total Cost (AUD 2019)
spECG 14,921 77,047 138 334,094,155
rECG 15,024 77,611 186 336,548,332
Difference —-103 —565 —48 —2,454,177

Abbreviations: AUD, Australian Dollars; GW, General Ward; ICU, Intensive Care Unit; rECG, reusable Electrocardiograph; spECG, single-patient Electrocardiograph.

23% lower cost savings and increasing it by 50% to 28%
higher cost savings. Cost of DSWI days was followed by
GW costs (£20% change in cost savings), cost of read-
missions (+20%), cost of ICU (—10, +11%), and cost of
SSI (=10%, +11%). In the scenario analysis using the
alternative source for additional LoS related to DSWI,
the annual burden of SWIs to the Australian health care
system almost doubled to AUD 16.3 million. The imple-
mentation of spECG resulted in 202 fewer ICU days, 1436
fewer hospital days, 48 fewer readmissions, and a total
national cost saving of AUD 4.6 million per annum.

A PSA with 2000 iterations was run to test the robust-
ness of the results. The PSA results were in line with the
base case, with spECG use associated with a median of
105 fewer ICU days (95% Crl 44 to 223), 49 (95% Crl 23
to 82) fewer readmissions and a total cost saving of AUD
2.6 million (95% Crl AUD 1.2-AUD 5.0 million).

Discussion
SWIs incur an immense burden, significantly contributing to
mortality and morbidity, increased treatment costs, and
severely reduced quality of life of the affected. The
Australian rate of DSWIs (1.3%) is in line with international
figures, between the UK (0.8%%**) and the US (2.0%* "),
with rates most similar to Germany (1.2%%-?) and France
(1.3%"%3). As previously estimated in other settings,** there
are considerable potential cost-savings in reducing the num-
ber of SWIs. This study confirmed that CABG-related SWIs
lead to a substantial cost and resource burden and identified
DSWIs as a major driver. The results also indicated that the
introduction of spECG may reduce healthcare costs and
improve patient outcomes. The Australian & New Zealand
Society of Cardiac & Thoracic Surgeons (ANZSCTS)
reported that in 2018 hospitals performed on average 185
(range 60 to 440) isolated CABG procedures.>* Our analysis
indicated that hospitals performing 200 procedures per year
could save up to AUD 55,000 by switching to spECG.

The Australian healthcare system recognizes the
impact of SSIs and has taken far-reaching measures
against hospital-acquired, avoidable infections. Hospital

budgets are being reduced as a direct consequence of
HACs, with healthcare costs incurred by SSIs no longer
reimbursed by the state, territory, or Australian govern-
ments. As the Australian financing models evolve, the cost
impact of SWIs will likely become even greater, further
signifying the importance of investing in improved strate-
gies to reduce infection rates. SSIs make up almost one-
third of all hospital-acquired infections. While SSI pro-
phylaxis is a well-established concept, with national guide-
lines for infection prevention in place and almost
ubiquitous antibiotics use, SWIs remain a considerable
issue.

Due to lack of patient data availability, this computa-
tional analysis was not based on primary data, but on peer-
reviewed, published literature. This is a potential limita-
tion but one common to most health-economic analyses.
The model outcomes were validated against Australian
government data not used in the model inputs.
Simulation outcomes closely aligned with the government
results, signifying that the model can be considered a
suitable representation of the Australian clinical reality.
Another limitation in this analysis was the difficulty in
determining proportions of SSIs which are SWIs. Case for
case, SWI likely represents a higher cost than an average
SSI. However, despite being one of the most common
cardiac surgery adverse events, the literature on SWIs
contribution to total SSIs in Australia is limited. Studies
on CABG related SSIs do not always differentiate between
SWIs and SSIs of the incision made in the CABG patient’s
leg to attain a vein section for the graft. Finally, efficacy
data for spECG are based of analyses of patient outcomes
in the US and might not fully reflect the situation in
Australia.

While there will always be inherent uncertainty in
economic modelling, this study has taken several measures
to ensure robustness and validity. PSA and OWSA showed
that the results are robust to variations in parameter values,
reducing the uncertainty of the outcomes. Prof. Shaban,
currently Clinical Chair of the Infection Prevention and
Disease Control at the Marie Bashir Institute for Infectious
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Diseases & Biosecurity, and his clinical group, were clo-
sely involved in the adaptation of the model to an
Australian setting — hopefully, strengthening the model’s
harmonization with real-world practice.

Conclusions

The cost and resource burden of SWI following CABG in
Australia is substantial, but there is potential to provide
patient benefit and reduce healthcare costs through the imple-
mentation of new technologies shown to reduce the rate of
SWIs. Future research should further explore the impact of
spECG as it is introduced in Australian hospitals.
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