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A B S T R A C T

Background: Catheter associated urinary tract infections are one of the most common infections acquired
in hospital. A recent randomised control study demonstrated the benefit of using chlorhexidine (0.1%) for
meatal cleaning prior to urinary catheter insertion, by reducing both catheter associated asymptomatic
bacteriuria and infection. These findings raise the important question of whether a decision to switch
from saline to chlorhexidine was likely to be cost-effective. The aim of this paper was to evaluate the cost-
effectiveness of adopting routine use of chlorhexidine for meatal cleaning prior to urinary catheter
insertion
Methods: The outcomes of this cost-effectiveness study are changes to health service costs in $AUD and
changes to quality adjusted life years from a decision to adopt 0.1% chlorhexidine for meatal cleaning
prior to urinary catheter insertion as compared to saline. Effectiveness outcomes for this study were
taken from a 32 week stepped wedge randomised controlled study conducted in three Australian
hospitals.
Results: The changes in health costs from switching from saline to 0.1% chlorhexidine per 100,000
catheterisations would save hospitals AUD$387,909 per 100,000 catherisations, prevent 70 cases of
catheter associated urinary tract infections, release 282 bed days and provide a small improvement in
health benefits of 1.43 quality adjusted life years. Using a maximum willingness to pay for a marginal
quality adjusted life year threshold of AUD$28,000 per 100,000 catherisations, suggests that adopting
chlorhexidine would be cost effective and potentially cost-saving.
Conclusion: The findings from our work provide evidence to health system administrators and those
responsible for drafting catheter associated urinary tract infections prevention guidelines that investing
in switching from saline to chlorhexidine is not only clinically effective but also a sensible decision in the
context of allocating finite healthcare resources.
© 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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What is already known about the topic?

� Urinary tract infections are one of the most common infections
patients acquire in hospital and are commonly associated with
urinary catheter use.

� Approximately one in five hospitalised patients receive and
indwelling urinary catheter.
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� The use of chlorhexidine (0.1%) for meatal cleaning prior to
urinary catheter insertion reduces the incidence of catheter
associated asymptotic bacteriuria and catheter associated
urinary tract infection, compared to normal saline.

What this paper adds

� This research demonstrates that the use of chlorhexidine for
meatal cleaning prior to urinary catheter insertion is cost-
effective and potentially cost saving for health services.

1. Introduction

Point prevalence studies conducted in the United States and
Europe show healthcare associated infections (HAI) pose a
significant risk to hospitalised patients, with a point prevalence
of between 4 and 6%. (European Centre for Disease Prevention and
Control, 2013; Magill et al., 2014), In one study, urinary tract
infection (UTI) accounted for approximately 16% of all HAIs,
(European Centre for Disease Prevention and Control, 2013) and
are commonly associated with indwelling catheter use. These
infections are referred to as catheter associated urinary tract
infections (CAUTIs). By prolonging a patient’s length of hospital
stay, increasing treatment costs and risk of antimicrobial resis-
tance CAUTIs place an economic burden on patients and health
services (Nicolle, 2014; Laxminarayan et al., 2013; Hollenbeak and
Schilling, 2018).

Guidelines for the prevention and control of CAUTIs have been
developed in many countries. (Loveday et al., 2014; Lo et al., 2014;
National Health and Medical Research Council, 2010) Recommen-
dations include minimising catheter use, using correct insertion
practices, appropriate maintenance, surveillance of infections and
prompt removal of urinary catheters. One element of correct
insertion practices is cleaning of the urethral meatus prior to
catheterisation. The concept of cleaning the meatal area is to
reduce the risk of introducing bacteria during catheter insertion.
Until recently, the best agent for meatal cleaning has been unclear,
as evidence is low quality, (Fasugba et al., 2017a) and there is
variation in clinical practice (Fasugba et al., 2017b).

Chlorhexidine (0.1%) and saline (0.9%) are two common agents
used for meatal cleaning, with chlorhexidine being more expen-
sive. With between 18 and 25% of patients admitted to hospital
receiving a urinary catheter, (Gardner et al., 2014; Shackley et al.,
2017), there is a strong case for establishing which agent is optimal.
During 2017 and 2018, we conducted a randomised controlled trial
in three Australian hospitals to determine the effectiveness and
cost effectiveness of 0.1% chlorhexidine solution versus 0.9% saline.
(Mitchell et al., 2017) The effectiveness outcomes demonstrated
that chlorhexidine was more effective than saline, in reducing the
incidence of catheter associated asymptomatic bacteriuria (CA-
ASB), incident rate ratio 0�26 (95% CI 0�08–0�86, p = 0�026) and
CAUTI, incidence rate ratio 0�06 (95% CI 0�01–0�32, p < 0�001).
(Fasugba et al., 2019).

This trial provided an opportunity to address the important
question of whether a decision to switch from saline to the more
expensive chlorhexidine during urinary catheter insertion was
likely to be cost effective or even cost saving. Health services
operate with scarce resources and should invest in innovations
that make good economic sense. (Graves, 2004; Graves et al.,
2007), In this paper, we present cost effectiveness outcomes,
specifically, an evaluation of the cost effectiveness of adopting
routine use of chlorhexidine for meatal cleaning prior to urinary
catheter insertion. We examine changes to health service costs and
changes to quality adjusted life years (QALYs) from a decision to
adopt 0.1% chlorhexidine.

2. Methods

The main outcomes of this cost-effectiveness study are changes
to health service costs in $AUD and changes to QALYs from a
decision to adopt 0.1% chlorhexidine for meatal cleaning prior to
urinary catheter insertion as compared to saline. Changes to these
outcomes arose from the predicted change in the number of cases
of CAUTI and blood stream infections secondary to CAUTIs. The
intervention cost was defined as the additional cost of using
chlorhexidine instead of saline for each hospitalised patient that
had a urinary catheter. We developed a simple decision tree to
evaluate cost effectiveness. We met the requirements of the
Consolidated Health Economic Evaluation Reporting Standards
statement. (Husereau et al., 2013) The trial is registered with the
Australian New Zealand Clinical Trials Registry, approval number
ACTRN 12617000373370.

2.1. Target population

The target population for this study, is hospitalised patients
who received a urinary catheter during their hospital stay.
Patients who were admitted to one of included hospitals and who
received a urinary catheter during the study period were eligible
for inclusion. Patients who received a urinary catheter were
identified prospectively and followed-up during the trial period
for seven days following catheter insertion. There were 1642
participants in the study, with 697 in the control group and 945 in
the intervention group. The mean age was 62 (SD 23, median 69
years).

2.2. Setting and location

Effectiveness outcomes for this study were taken from a 32
week stepped wedge randomised controlled study. (Stewardson
et al., 2014) The setting for the primary study was three Australian
hospitals. The three hospitals were, a large tertiary referral hospital
with approximately 85,000 admissions per year, a regional
hospital servicing urban and rural areas with approximately
30,000 admissions per year and one of the largest private hospitals
in Australia, with over 500 inpatient beds. Inclusion criteria for the
primary study have been detailed in the study protocol (Mitchell
et al., 2017).

2.3. Study perspective

The cost-effectiveness evaluation undertaken represents a
societal perspective, and is therefore important for health resource
allocation.

2.4. Comparators

The hospital wide intervention was the use of 0.1%
chlorhexidine solution to clean the meatus prior to urinary
catheterisation. Following a two-month control phase, in which
0.9% saline was used to clean the meatus before urinary
catheterisation, one hospital transitioned to the intervention
every two months.

2.5. Time horizon

The time horizon in this study was from the point of urinary
catheterisation, until infection resolution (including death).
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2.6. Discount rate

A discounting of 3% was applied for health outcomes.

2.7. Choice of health outcomes

The outcomes for the cost-effectiveness analysis were CAUTI
and blood stream infection secondary to a CAUTI. These are patient
based outcomes.

2.8. Choice of model - model structure

The model shown in Fig. 1 was based on the following
assumptions: patients faced a probability of asymptomatic
bacteriuria, marked as BACT; if positive they faced a probability
of CAUTI; if positive they finally faced a probability of acquiring a
blood stream infection secondary to a CAUTI, marked BSI. Patients
would then either live or die. Estimated values for both costs and
health outcomes in QALYS were used to populate the terminal
nodes, marked as triangles, for each branch, and the model was
rolled back from right to left such that the expected value of costs
and QALYS were summarised for both 0.9% saline and 0.1%
chlorhexidine as per the primary study. (Mitchell et al., 2017)

2.9. Measurement of effectiveness - event probabilities

The probabilities of a hospitalised patient having asymptomatic
bacteriuria or a CAUTI up to 7 days following urinary catheter
insertion, when using 0.1% chlorhexidine and 0.9% saline, were
derived from our previous work and is reproduced in Table 1
(Mitchell et al., 2017). The probability of a patient with a CAUTI
acquiring a blood stream infection secondary to a CAUTI was
derived from the literature (Tambyah and Maki, 2000). The
probability of death following a bloodstream infection was based
on data from Escherichia coli bloodstream infections, given that this
organism is the most commonly implicated in UTIs. (Laupland
et al., 2008)

2.10. Measurement and valuation of outcomes - valuation and
duration of health states

Health utilities represent the value of the quality of life of
participants on a scale of 1 (perfect health) to 0 (dead). (Brazier
et al., 2014) Australian baseline values, a utility decrement for UTI
and the utility state for an intensive care unit (ICU) admission were
taken from the literature and used to update the decision tree
model, see Table 2. (Clemens et al., 2014; van den Hout et al., 2014)
The utility decrement for a bloodstream infection was estimated by
deducting the utility for an ICU admission from the Australian
normal value. We assumed the mean age of the at risk population
Fig. 1. Decision tree for cos
was 62 years based on data sourced from a randomised controlled
study that prospectively observed the incidence of catheterisation
in one hospital. [Fasugba et al., 2018] The life expectancy of
patients was based on life tables for males and females born
between 1953 and 1955. [Australian Bureau of Statistics, 2018]

2.11. Estimating resources and costs - costs, bed days released and their
values

The product costs of saline and chlorhexidine were derived
from the average of the prices paid by each of the participating
hospitals. The costs for chlorhexidine were AUD$63.50 per box of
30 (Hospital A), AUD$67.00 per box of 30 (Hospital B) and AUD
$65.50 per box of 30 (Hospital C). Saline costs were AUD$37.80 and
AUD$39.56 per box of 30 in Hospital A and Hospital B, respectively.
No costs were readily available for Hospital C. The average increase
in cost to switch from saline to chlorhexidine was AUD$0.88 per
ampoule. To calculate antimicrobial therapy costs, we assigned a
value of AUD$19.22 for an episode of CAUTI to account for 5 days of
amoxicillin/clavulanic acid treatment. We assigned a cost of AUD
$41.84 for a bloodstream infection to represent the cost of 1 g
cefazolin IV for 2 days, followed by oral administration for 5 days.
(Department of Health, 2018; Daneman et al., 2011), The
substitution of saline with chlorhexidine presented no additional
staffing time or costs. We did not include costs associated with CA-
ASB or laboratory costs.

A prevented CAUTI was estimated to release 4 bed days (mean 4,
SD 0.48). This estimate came from an Australian study that used a
multi-state model to estimate excess length of stay and mortality
associated with healthcare-associated UTIs. (Mitchell et al., 2016)
The method of moments was used to fit a Gamma distribution
(Gamma 68.11, 0.06) for this parameter, which was appropriate for
the skew typical for length of stay data. Preventing a blood stream
infection associated with a CAUTI was estimated to release 15 days
(mean 15.53, SD 8.96). Primary data were provided on the duration
of antimicrobial treatment for 198 patients with bacteraemia
caused by a CAUTI. This retrospective cohort study was undertaken
in 14 ICUs across Canada (Daneman et al., 2016). The method of
moments was used to fit a Gamma distribution (Gamma 3.01, 5.17)
for this parameter. We assumed that one-third of the days released
would have been spent in the ICU.

Monetary values for bed days were derived using two
competing methods. The first was an accounting method that
divided total recurrent expenditure on admitted care (Australian
Institute of Health and Welfare, 2017a) by the total number of
patient days in Australian public hospitals in 2015–16. (Australian
Institute of Health and Welfare, 2017a,b), This rendered estimates
of AUD$6280 for an ICU bed day and AUD$1667 for a ward bed day.
The second method was to update 2016 costs taken from the
findings of a contingent valuation study of Australian hospital chief
t-effectiveness model.



Table 1
Probabilities of events in model.

Parameter Prior Distribution Mean Source

Probability Bacteriuria – CONTROL Beta(29,668) 0.042 Fasugba et al. (2019)
Probability Bacteriuria – INTERVENTION Beta(16,929) 0.017 Fasugba et al. (2019)
Probability CAUTI – CONTROL Beta(13,684) 0.019 Fasugba et al. (2019)
Probability CAUTI – INTERVENTION Beta(4941) 0.0042 Fasugba et al. (2019)
Probability of death from bloodstream infection Beta(2,301,811) 0.11 Laupland et al. (2008)
Probability bloodstream infection from a CAUTI Beta(1234) 0.0043 Tambyah and Maki (2000)

Note: CAUTI = Catheter associated urinary tract infection.

Table 2
Health Outcomes.

Parameter Prior
Distribution

Mean Source

Utility Australian norm Beta (7,354,162) 0.85 Clemens et al. (2014)
Utility decrement for UTI Beta (6156) 0.04 van den Hout et al. (2014)
Utility for ICU admission Beta (1.37,0.71) 0.66 Warren et al. (2004)
Age for at risk
population

Normal (6217) 62 Fasugba et al. (2018)

Note: UTI = urinary tract infection. ICU = Intensive care unit.
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executive officers, (Page et al., 2017) which revealed their
willingness to pay for bed days released by an infection prevention
programme. Values of AUD$284 and AUD$573 for a ward and ICU
bed day were used, respectively. Competing results are presented
for ‘accounting costs’ and the willingness to pay for bed days,
marked as ‘WTP’

2.12. Currency, price date, and conversion

All cost data were collected and analysis using Australian
dollars. Costs taken from the literature were also presented in
Australian dollars. No currency conversions were necessary.

2.13. Analytical methods - model evaluation

The main outcomes were the total costs and QALYs associated
with a decision to adopt the use of chlorhexidine over saline. To
propagate forward the uncertainty in the models’ parameters,
5000 simulations were taken randomly and the results recorded.
The probability that adopting chlorhexidine was a cost-effective
decision was shown by the proportion of these 5000 resamples
that were returned below a threshold value of 28,000 per QALY
gained. (Edney et al., 2018) Discounting was applied for health
outcomes that arose in time periods >12 months.

3. Results

The changes in health costs from switching from saline to 0.1%
chlorhexidine per 100,000 catheterisations are presented in
Table 3
Results of sampling from model parameters.

Per 100,000 patients catheterised Mean Min Max

Change to total costs (Accounting costs) -$387,909 -$1,443,740 $70,697
Change to total costs (WTP costs) $6299 -$237,102 $91,537
Change to QALYS 1.43 �0.17 5.72
Cost of intervention $89,012 $81,000 $97,000
Number asymptomatic Bacteriuria
prevented

2450.60 �539.58 6369.21

Number of CAUTI prevented 69.96 2.16 222.80
Number of bloodstream infections
prevented

0.30 0.00 3.84

Ward bed days released 282.40 7.87 885.12
ICU bed days released 1.52 0.00 28.37
Table 3. On average, the change to chlorhexidine would save
AUD$387,909 per 100,000 catherisations using an accounting
model and a cost increase of AUD$6299 using a willingness to pay
method. The use of chlorhexidine was estimated to prevent 70
cases of CAUTI and release 282 bed days. There was a small
improvement in health benefits of 1.43 QALYs.

The joint distribution of change to total costs and change to
QALYS for two scenarios, one using accounting methods and one
using willingness to pay methods is shown in Fig. 2. A maximum
willingness to pay for a marginal QALY threshold of AUD$28,000
per 100,000 catherisations was applied. (Edney et al., 2018) Using
an accounting method, all distribution (100%) was below the x-
axis, indicating a 100% probability that an adoption decision would
be cost saving. A decision to switch to chlorhexidine dominated a
decision to remain with saline. Using the willingness to pay
approach, 75% of simulations were below the QALY threshold, and
36% were below the x-axis. In this instance, there was a 75%
probability that an adoption decision would be cost effective and a
36% probability it would be cost saving.

4. Discussion

We estimated the change in health service costs and QALYs
associated with using 0.1% chlorhexidine for meatal cleaning prior
to urinary catheter insertion. We found that adopting 0.1%
chlorhexidine was likely to be a cost-effective intervention with
the potential for being cost-saving. In our analysis, we used
conservative cost estimates for bed days released and modelled
two approaches to provide transparent and flexible information for
decision makers. The implementation of chlorhexidine provided
some small improvement in QALYs.

In our primary study, we showed that 0.1% chlorhexidine was
associated with a reduction in CA-ASB and CAUTI of 94%. (Fasugba
et al., 2019) Given the frequency of urinary catheterisation for
hospital patients and the higher costs of using chlorhexidine
compared to saline, evaluating the cost effectiveness of switching
from saline to chlorhexidine is important for decision makers. Our
analysis suggested that by switching to chlorhexidine, for every
100,000 catheterisations, a hospital has the potential to reduce
costs by AUD$387,000 and free up 282 bed days. Our results can be
applied to any context where the prevalence of urinary catheter-
isation and number of patient admissions are known. For example,
in Australia, based on 3.06 million overnight admissions to public
hospitals (2016–17) (Australian Institute of Health and Welfare,
2018) and 25% (765,000) of patients receiving a catheter (Gardner
et al., 2014), a switch from saline to chlorhexidine could result in
AUD$2.9 million of savings to the public hospital health budget,
releasing 2160 bed days. These data support a change in local and
national policy, as well as clinical guidelines to support the use of
0.1% chlorhexidine for meatal cleaning prior to urinary catheter-
isation.

Challenges in cost-effectiveness analysis include determining
the value of a hospital bed and the threshold for the additional
cost imposed on the system for one additional QALY. We used a



Fig. 2. Joint distribution of change to total costs and change to QALYS from the adoption of chlorhexidine 0.1%.
Note: The figure represents two scenarios: bed days valued be accounting methods (dots) and by willingness to pay methods (triangles). The red line indicates a maximum
willingness to pay for a marginal QALY threshold of $28,000.
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figure of AUD$28,000 per QALY gained. (Mitchell et al., 2017)
Cost-effectiveness analysis in the United States has traditionally
used USD 50,000 per QALY, with arguments suggesting that this
figure should be higher (Neumann et al., 2014). In the United
Kingdom, an analysis of primary care trust spending suggested
that the probability that the threshold would be less than GBP
20,000 per QALY was 0.89, and the probability that it would be
less than GBP 30,000 per QALY was 0.97 (Claxton et al., 2015).
The costs saved by preventing an infection are largely generated
by a reduction in treatment cost and the value of releasing a bed
day. A common method for determining the value of bed days
released uses accounting methods to estimate the average
amount of money allocated to produce bed days. However, this
method does not consider the fact that many costs in hospitals,
such as salaries and overheads, are fixed and cannot be
recovered (Graves, 2018). For this reason, it has been argued
that to calculate the value of a released bed day, a willingness to
pay model should be used. This model values bed days according
to how much chief executive officers would be willing to pay to
release them. (Stewardson et al., 2014; Page et al., 2017), The
monetary values estimated using this method are considerably
less than those derived using accounting methods. In our study,
we used both accounting and willingness to pay approaches. In
addition, we used a conservative threshold to estimate the value
of an additional QALY. Regardless of approach, we showed a
convincing probability that adopting chlorhexidine would be
cost effective (72% using a willingness to pay model) and cost
saving (100% using an accounting model, 35% using a willingness
to pay model).

Our cost-effectiveness evaluation had several strengths. Our
probability estimates for the effect of the intervention were
based on robust data from a multi-centred pragmatic clinical
trial. (Fasugba et al., 2019) To estimate the length of stay
associated with contracting a CAUTI, we used data from a study
that used appropriate statistical methods (Mitchell et al., 2016).
A recent systematic review evaluating the treatment costs of
CAUTI suggested that it carries an attributable cost of USD 876
per case for diagnostic tests and medications. Rather than
relying on estimates and to ensure that our analysis was
conservative, we included only antimicrobial treatment costs
and no laboratory costs. Treatment costs in our study were AUD
$19.22 for a case of CAUTI. In our primary study, we
demonstrated that using chlorhexidine 0.1% was associated
with a 74% reduction in CA-ASB (Fasugba et al., 2019). In many
instances, CA-ASB treatment involves the use of antimicrobials,
thus a reduction in CA-ASB would lead to further cost savings
and benefits associated with a reduction in overall antimicrobial
consumption. Our study modelled the cost effectiveness of
chlorhexidine 0.1% in reducing CAUTI and did not consider the
added benefit of a reduction in costs associated with treating
CA-ASB. A limitation of our study was its reliance on relatively
old estimates for the probability of blood stream infection
secondary to CAUTIs and only 2 days of IV therapy with
antibiotics.

We have previously demonstrated the clinical efficacy of using
0.1% chlorhexidine to reduce the risk of CA-ASB and CAUTI.
(Fasugba et al., 2019) However, improving patient outcomes is only
one element of high value healthcare, and reducing per capita cost
is also important (Berwick et al., 2008). The findings from our work
provide clear evidence to health system administrators and those
responsible for drafting CAUTI prevention guidelines that investing
in switching from saline to chlorhexidine is not only clinically
effective but also a sensible decision in the context of allocating
finite healthcare resources.
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