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Abstract

Background: Health care associated infections (HAI) among adults admitted to the intensive care unit (ICU) have
been shown to increase length of stay, the cost of care, and in some cases increased the risk of hospital death
(Kaye et al, J Am Geriatr Soc 62:306-11, 2014; Roberts et al, Med Care 48:1026-35, 2010; Warren et al., Crit Care Med
34:2084-9, 2006; Zimlichman et al, JAMA Intern Med 173:2039-46, 2013). Daily bathing with chlorhexidine gluconate
(CHG) has been shown to decrease the risk of infection in the ICU (Loveday et al, J Hosp Infect 86:51-570, 2014).
However, due to varying quality of published studies, and varying estimates of effectiveness, CHG bathing is not
universally practiced. As a result, current opinion of the merit of CHG bathing to reduce hospital acquired infections
in the ICU, is divergent, suggesting a state of ‘clinical equipoise’.

This trial sequential meta-analysis aims to explore the current status of evidence for the effectiveness of chlorhexidine
(CHG) bathing, in adult intensive care patients, to reduce hospital acquired infections, and address the question: do we
need more trials?

Methods: A systematic literature search was undertaken to identify trials assessing the effectiveness of chlorhexidine
bathing to reduce risk of infection, among adult intensive care patients. With particular focus on: (1) Blood stream
infections (BSI); (2) Central Line Associated Blood Stream Infections (CLABSI); (3) Multi-Resistant Drug Organism (MRDO);
(4) Ventilator Associated Pneumonia; and, Catheter Associated Urinary Tract Infections (CAUTI). Only randomised-
control or cluster randomised cross-over trials, were include in our analysis. A Trial Sequential Analysis (TSA) was used
to describe the current status of evidence for the effectiveness of chlorhexidine (CHG) bathing, in adult intensive care
patients, to reduce hospital acquired infections.
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Results: Five trials were included in our final analysis - two trials were individual patient randomised-controlled, and
the remaining cluster-randomised-crossover trials. Daily bathing with CHG was estimated to reduce BSI in the ICU by
approximately 29% (Der-Simonian and Laird, Random-Effects.

(DL-RE) Incidence Rate Ratio (IRR)=0.71, 95% confidence interval (Cl) 0.51, 0.98); reduce CLABSI in the ICU by
approximately 40% (DL-RE IRR =060, 95% Cl 0.34, 1.04); reduce MDRO in the ICU by approximately 18% (DL-RE IRR =0.82,

crossed for all five specific infections in the ICU.

analysis

95% (1 0.69, 0.98); no effect in reducing VAP in the ICU (DL-RE IRR = 1.33, 95% Cl 0.81, 2.18); and, no effect in reducing
CAUTI in the ICU (DL-RE IRR=0.77, 95% Cl 0.52, 1.15). Upper (superiority) monitoring boundaries from TSA were not

Conclusion: Routine bathing with CHG does not occur in the ICU setting, and TSA suggests that more trials are needed
to address the current state of ‘clinical equipoise’. Ideally these studies would be conducted among a diverse group of
ICU patients, and to the highest standard to ensure generalisability of results.
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Background

Health care associated infections among adults ad-
mitted to the intensive care, have been shown to in-
crease length of stay, the cost of care, and in some
cases an increased risk of hospital death [1-4]. Daily
bathing with chlorhexidine gluconate has been sug-
gested as an effective intervention to reduce the risk of
infection during an intensive care stay [5-8]. However, the
effectiveness of CHG bathing to reduce ICU infections
has varied considerably among published trials, making
the effectiveness of CHG bathing in ICU patients uncer-
tain [9], and possibly reliant on the underlying risk among
the given ICU population [9, 10]. Importantly, current
opinion of the merit of CHG bathing to reduce hospital
acquired infections, among adults admitted to intensive
care, is divergent [8, 9], suggesting a state of ‘clinical
equipoise’ [11].

A challenge when assessing the growing evidence of
the effectiveness of an intervention, is that meta-ana-
lysis of accumulating data may obtain spurious statis-
tical significance [12-14]. This is thought to be due
to an aggregate sample size from the accumulated
published trials, lower than that expected to ad-
equately assess effectiveness, may underestimate effect
[15]. In an attempt to overcome these potential pit-
falls, a Trial Sequential Analysis (TSA) approach has
been developed that attempts to address Type I and
Type II error, with repeated significance testing of
accumulating trial data [16]. Therefore, this TSA
meta-analysis was undertaken to summarize the
current status of the evidence for the effectiveness of
daily CHG bathing, among adult intensive care pa-
tients, to reduce various infections in the ICU; and,
address the question - should we continue to attempt
to assess effectiveness with further trials, or is current
evidence adequate to recommend CHG bathing be-
come common practice in the adult ICU?

Materials and methods

This meta-analysis was planned, undertaken, and has
been reported using the preferred reporting items for
systematic reviews and meta-analyses (PRISMA)
guidelines [17].

Data sources and search strategy

A systematic literature search was undertaken of medical
literature databases including MEDLINE, EMBASE and
Cochrane Library published up until March 2017. Key-
words and title searches included a combination of:
“Chlorhexidine”, “bath$”, “intensive care”, “prevention”,
“infection$”, “effectiveness”. Hand searching of the refer-
ences of research papers was also undertaken until no

new studies were identified.

Study selection

Inclusion and exclusion criteria

The eligibility for inclusion of research papers into this
meta-analysis was considered independently by two au-
thors (SF and JL). Due to a previous systematic review
showing an extreme level of heterogeneity among
before-and-after trials, only randomised trials of the ef-
fectiveness to reduce infections in adult ICU patients
were included. Review papers, non-adult populations,
non-ICU, papers that did not report the rates per
ICU-days at risk, and trials using CHG bathing com-
bined with other interventions, were excluded.

Data extraction and synthesis

Data extracted from each paper included: first author’s
name and publication year, country of study, duration of
study, study site, study design, type of ICU setting (sur-
gical, medical, and mixed etc.), infection of interest, and
number of events and ICU days at risk.
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Statistical methods

Individual study and combined estimates of the effect-
iveness of chlorhexidine bathing to prevent infections
(Incidence Rate Ratios (IRR)) are presented as forest
plots [18]. Both fixed effect - using the Mantel-Haenzel
(MH) method and random effect (RE), using the method
suggested by Der-Simonian and Laird (DL) [19]) sum-
mary estimates are presented. Heterogeneity of effective-
ness between studies was assessed using the I* statistic,
which was used to estimate the optimal sample size re-
quired to address effectiveness, referred to as Informa-
tion Size (IS), or more specifically the Heterogeneity
adjusted Information Size (HIS) in the presence of an as-
sumption of random-effects (I* > 0) [14, 16]. Heterogen-
eity adjusted Information Sizes were calculated as
follows:

HIS =n/(1 - 1)

Where, n is the sample size estimated for a single trial
with adequate power (in our case 0.8), and minimal risk
of Type I error (0.05). This sample size is then inflated
to address heterogeneity among accumulating data from
multiple trials using the I? statistic from a meta-analysis
of current published literature [14]. Sample sizes for a
single optimal trial was estimated using the methods
suggested by Reich et al [20], these methods allow sam-
ple size calculation of randomised cluster cross-over tri-
als. Specifically, we used a similar design to that of Noto
et al [21], five clusters, of approximately 500 patients,
with four cross-over periods — Type I and Type II error
set at 0.05 and 0.2, respectively. Baseline risk among
control groups, were obtained from meta-analysis of
published trials, an inverse-variance method was used to
obtained baseline rates (%) among control groups. Upper
(superiority), and lower (inferiority) monitoring bound-
aries (alpha spending) for TSA were estimated using the
methods suggested by O’Brien and Fleming [22], and
futility boundaries (beta-spending) were also estimated
using the gsDesign and Idbounds packages from
R-statistical language [23]. Cumulative z-statistics were
derived using the methods suggested by Miettinen and
Nurminen [24].

Results

Search results

The electronic search resulted in 164 potential papers to
be included. Following review of the abstract, or the
complete paper when required, using our inclusion and
exclusion criteria, 159 papers were excluded (including
seven before-and-after studies, and 16 trials among
paediatric ICU patients, Fig. 1) - leaving two randomised
control, and three randomised-cluster-crossover trials
for final analysis. Characteristics of the five randomised
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trials are presented in Table 1. Summary estimates of the
effectiveness CHG bathing to reduce infections among
adult ICU patients are presented in Table 2, and in the
forest plot figures (Fig. 2). A summary of potential risk
of bias for the included studies is presented in Fig. 3.

Blood stream infections (BSI)

Four randomised trials assessed BSI as a primary out-
come of interest (18,290 patients), daily bathing with
CHG was estimated to reduce BSI in the ICU by ap-
proximately 29% (DL-RE IRR=0.71, 95% confidence
interval (CI) 0.51, 0.98), I* = 49%, p-value for heterogen-
eity = 0.12 (Fig. 2a, and Table 2). TSA of the effectiveness
of CHG bathing to reduce BSI among the adult ICU
population is presented in Fig. 4a. Even though trad-
itional significance levels have been crossed for superior-
ity (z>1.96) cumulatively for all four trials, TSA upper
O’Brien-Fleming monitoring boundaries have not.

Central line associated blood stream infections (CLABSI)
Three randomised trials assessed CLABSI as a primary
outcome of interest (17,540 patients), daily bathing with
CHG was estimated to reduce CLABSI in the ICU by
approximately 40% (DL-RE IRR =0.60, 95% confidence
interval (CI) 0.34, 1.04), I* = 9%, p-value for heterogen-
eity = 0.33 (Fig. 2b, and Table 2). TSA of the effective-
ness of CHG bathing to reduce CLABSI among the
adult ICU population is presented in Fig. 4b. Even
though traditional significance levels have been crossed
for superiority (z>1.96) in both cumulative analysis of
trials, TSA upper O’Brien-Fleming monitoring boundar-
ies have not been crossed.

Multi-drug resistant organisms (MDRO)

Two randomised trials assessed MDRO (both studies
based on colonization or infection) as a primary out-
come of interest (17,152 patients), daily bathing with
CHG was estimated to reduce MDRO in the ICU by ap-
proximately 18% (DL-RE IRR=0.82, 95% confidence
interval (CI) 0.69, 0.98), I? = 0%, p-value for heterogen-
eity = 0.42 (Fig. 2¢, and Table 2). TSA analysis of the ef-
fectiveness of CHG bathing to reduce MDRO among the
adult ICU population is presented in Fig. 4c. Even
though traditional significance levels have been crossed
for superiority (z > 1.96) for cumulative analysis of both
studies, the TSA upper O’Brien-Fleming monitoring
boundaries have not.

Ventilator associated pneumonia (VAP)

Four randomised trials assessed VAP as a primary out-
come of interest (10,564 patients), daily bathing with
CHG was estimated to have no effect in reducing VAP
in the ICU (DL-RE IRR = 1.33, 95% confidence interval
(CI) 0.81, 2.18), I* = 17%, p-value for heterogeneity = 0.30
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Author (Year)
Bleasdale (2007)
Climo (2013)
Noto (2015)
Swan (2016)

Fixed effect model

Author (Year)
Climo (2013)
Noto (2015)
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Fixed effect model

Random effects model

Author (Year)
Climo (2013)
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Fixed effect model
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Fixed effect model

Author (Year)
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Fixed effect model

Heterogeneity: /° = 49%, ** = 0.0460, p = 0.12

A CHG Bathing and BSls

Random effects model

b CHG Bathing and CLABSI

Heterogeneity: I° = 9%, v* = 0.0365, p = 0.33

C CHG Bathing and MDRO

Random effects model

Heterogeneity: 1 = 0%, t* = 0, p = 0.42

d cHG Bathing and VAP

Random effects model
Heterogeneity: I = 17%, v* = 0.0331, p = 0.30

€ CHG Bathing and CAUTI

Random effects model

CHG Bathing Control Weight  Weight
BSI days BSI days Incidence Rate Ratio RR 95%-Cl (fixed) (random)
9 2210 22 2119 —+—j‘ 0.39 [0.18;0.85] 8.5% 13.7%
90 24902 131 24983 -0‘- 0.69 [0.53;0.90] 49.5% 42.7%
96 19202 113 20721 ‘-'- 0.92 [0.70; 1.20] 41.1% 42.4%
0 952 2 976 %—*7 0.21 [0.01:4.27) 0.9% 1.1%
47266 48799 6 0.75 [0.63; 0.90] 100.0% -
<> 0.71 [0.51; 0.98] -~ 100.0%
r T T 1
0.01 0.1 1 10 100
Favours CHG Bathing  Favours Control
CHG Bathing Control Weight Weight
CLABS| days CLABSI days Incidence Rate Ratio RR  95%-Cl (fixed) (random)
21 13425 43 13049 —-O-é~— 0.47 [0.28;0.80] 87.8% 74.8%
4 19048 4 21053 —‘I—**—~ 1.11 [0.28;4.42] 7.6% 15.0%
2 202 4 512 E 1.27 [0.23;6.87] 4.6% 10.3%
32675 34614 -<> 0.56 [0.35; 0.89] 100.0% -
e 0.60 [0.34; 1.04] - 100.0%
r T T 1
0.2 0.5 1 2 5
Favours CHG Bathing  Favours Control
CHG Bathing Control Weight Weight
MDRO days MDRO days Incidence Rate Ratio RR 95%-Cl (fixed) (random)
127 24902 165 24983 —-—0—‘:‘— 0.77 [0.61;0.97] 60.5% 58.6%
93 19202 112 20721 é:—-’-—— 0.90 [0.68;1.18] 39.5% 41.4%
:
44104 45704 -é— 0.82 [0.69; 0.98] 100.0% -
—_— 0.82 [0.69; 0.98] = 100.0%
e L
0.75 1 1.5
Favours CHG Bathing ~ Favours Control
CHG Bathing Control Weight  Weight
VAP days VAP days Incidence Rate Ratio RR 95%-Cl (fixed) (random)
18 2308 15 2206 7-0“:; 1.15 [0.58;2.27] 45.3% 41.6%
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Heterogeneity: I = 0%, v* =0, p = 0.54

Fig. 1 PRISMA Flow diagram of study selection
.
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Table 1 Summary of study characteristics of the five trials on daily CHG bathing of ICU patients

First author (year)

Characteristic

Description

Bleasdale, 2007 [27]

Climo, 2013 [6]

Noto, 2015 [21]

Boonyasiri, 2016 [28]

Swan, 2016 [29]

Duration

Country, ICU setting
CHG bathing method
Qutcome(s)

Study design
Duration

Country, ICU setting
CHG bathing method
Qutcome(s)

Study design
Duration

Country, ICU setting
CHG bathing method
Outcome(s)

Study design
Duration

Country, ICU setting
CHG bathing method
Qutcome(s)

Study design
Duration

Country, ICU setting
CHG bathing method
Outcome(s)

Study design

12 months

USA, medical ICU
Impregnated Cloths
BSI, VAP and c-diff
Randomised cross-over

12 months

USA, nine ICUs, medical, surgical, cardiac and bone morrow transplant

Impregnated Cloths

BSI, CLABSI, CAUIT and VAP
Randomised cross-over

12 months

USA Five ICUs

Impregnated Cloths

CLABSI, CAUTI, VAP, and C-diff
Randomised cross-over

24 months

Thailand, four ICUs, medical
Impregnated Cloths

CLABSI, VAP, and CAUTI
Individual Randomised-Controlled
12 months

USA one surgical ICU

Water and diluted CHG

BSI, CLABSI, CAUTI, and VAP

Individual Randomised-Controlled

Table 2 Summary of specific outcomes of hospital acquired infections among adults admitted to intensive care, from randomised
controlled trials

Qutcome of interest no. of trials [ref] Summary estimate, Baseline risk Estimated information

(no. of patients) Risk Ratio (95% Cl) (among control period) size!
[test of heterogeneity, p-value]

BSI 4-trials [6, 21, 30] MH (FE) RR=10.75 (0.63, 0.91) 6 /1000 ICU days 62,700 (HIS)
(n=18,290) [1> = 49%, het test, p=0.117]

CLABSI 3-trials [6, 21, 28] MH (FE) RR =0.56 (0.35, 0.89) 3/ 1000 lines days 62,700 (HIS)
(n=17,540) I = 9%, het test, p=0.331

MRDO 2-trials [6, 21] MH (FE) RR=0.82 (0.69, 0.98) 6/ 1000 ICU days 34,000 (IS)
(h=17,152) [1> = 0%, het test, p-value = 0.416]

VAP 3-trials [21, 30] MH (FE) RR=1.55 (0.79, 3.01) 5/ 1000 MV days 40,950 (HIS)
(n=10,564) [I>=17%, het test, p-value =0.213]

CAUTI 3-trials [21, 28, 29] MH (FE) RR=10.77 (0.52, 1.14) 6/ 1000 catheter days 32,000 (IS)
(n=9983) [1>= 0%, het test, p-value = 0.539)

Note: BS/ Blood Stream Infection, CLABSI Central Line Associated Blood Stream Infection, MDRO Multi-Drug Resistant Organism, VAP Ventilator Associated Pneumonia,
and CAUTI Catheter Associated Urinary Tract Infections, C/ confidence interval, MH Cochrane-Mantel-Haenszel, FE Fixed Effect. Heterogeneity Information size estimated
using the approach suggested by Thorlund et al [14]. HIS Heterogeneity adjusted Information Size (I < 0%), IS (Information Size, I> > 0%)
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Fig. 2 Forest plots of trials assessing effectiveness of CHG bathing to reduce various infection among adults admitted to the intice care. BSI = Blood
Stream Infection, CLABSI = Central Line Associated Blood Stream Infection, MDRO = Multi-Drug Resistant Organism, VAP = Ventilator Associated
Pneumonia, and CAUTI — Catheter Associated Urinary Tract Infections. Cl = confidence interval. Fixed effect estimates are using the Mantel-Haenzel
(MH) method and random effect (RE), using the method suggested by Der-Simonian and Laird (DL) [19])

Noto [2015) Boooyasid (2016) Bwan (2016}

(Fig. 2d, and Table 2). TSA analysis of the effectiveness
of CHG bathing to reduce VAP among the adult ICU
population is presented in Fig. 4d. Traditional signifi-
cance levels have not been crossed for superiority (z <
1.96), and therefore the TSA upper O’Brien-Fleming
monitoring boundaries have not been crossed also.

Catheter associated urinary tract infections (CAUTI)

Three randomised trials assessed CAUTI as a primary
outcome of interest (9983 patients), daily bathing with
CHG was estimated to have no effect in reducing CAUTI
in the ICU (DL-RE IRR =0.77, 95% confidence interval
(CI) 052, 1.15), I = 0%, p-value for heterogeneity = 0.54
(Fig. 2e, and Table 2). TSA analysis of the effective-
ness of CHG bathing to reduce CAUTI among the
adult ICU population is presented in Fig. 4e. Trad-
itional significance levels of cumulative trials have not
been crossed for superiority (z<1.96), and therefore
the TSA upper O’Brien-Fleming monitoring boundar-
ies have not been crossed also.

Discussion

This trial sequential meta-analysis presents a summary
of the current status of the estimated effectiveness of
CHG-bathing to prevent infection among adults admit-
ted to the intensive care. Routine bathing with CHG
does not occur in the ICU setting, and TSA suggests

that more trials are needed to address the current state
of ‘clinical equipoise’. These future studies need to be
conducted among a diverse group of ICU patients, in-
cluding both surgical, medical and trauma patients if
possible, to ensure generalisability of results to the ma-
jority of patients cared for in the ICU setting.

Previous reviews of daily CHG-bathing to reduce in-
fections among adults admitted to the ICU have been
undertaken [7, 10, 25, 26], and suggest a benefit in
CHG-bathing to reduce various hospital acquired infec-
tions. However, divergent results from two large, well
planned and conducted, randomised cluster cross-over
trials have not resulted in the widespread adoption of
CHG bathing by nurses in the ICU. Specifically, the con-
siderable variation in the baseline risk of infection in the
ICU populations included in published trials, to date,
has made generalisation difficult.

Our assessment of the current status of evidence of
the effectiveness of CHG bathing to reduce the risk of
infection in the intensive care suggests that more re-
search in this area is needed. Specifically addressing two
important short comings of current evidence, namely:
(1) future trials need to include a diverse population of
adults admitted to the ICU; and, (2) future trials need to
be powered to add to the current cumulative data, to en-
sure clear statistical evidence of benefit, and avoid spuri-
ous results due to Type I error.
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A potential strength of our meta-analysis is the use of
TSA to avoid a spurious conclusion of the effectiveness
of CHG bathing, and to address what needs to be done
next due to the current ‘clinical equipoise’ of this inter-
vention in the ICU setting. However, any systematic re-
view and meta-analysis have a potential weakness of
missing unpublished trials, and potential individual trial
heterogeneity that is difficult to account for in analysis.
We purposely omitted before—and-after trials that tend
to overestimate effectiveness and contained significant
within-trial-variation [10], adding these trials would sig-
nificantly increase the respective cumulative samples
size, but would not add quality to any estimates of effect.
A potential limitation of our meta-analysis is that mor-
tality outcomes between CHG-bathing and comparison

groups was only reported by two trials, and such an out-
come has an important place in describing the ultimate
burden of hospital acquired infection in the ICU setting.
And, our meta-analysis lacks the data to answer the
question — Do we need to bath all patients, or only those
at the greatest risk, or already colonized? Further to this,
the study by Boonyasrir et al [27] didn’t use prepacked
CHG impregnated clothes, instead CHG wash cloths
were prepared by staff at the bedside, therefore the dose
of CHG may have been unstandardized.

The lack of evidence for the benefit of daily
CHG-bathing reported by Noto et al [21] and positive
results reported by Climo et al [6], have been suggested
to be due to a short ten-week intervention and control
periods used in the study by Noto [21], compared to the
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Search Results N = 164

5 Trials included in final analysis

-

Trials of other uses of CHG (ie. Oral route to preven Vnd/or high intrathoracic pressure from
gas trapping due to bronchospasm VAP, CVC dressing etc)

Fig. 4 Trial sequential analysis of evidence for the effectiveness of chlorhexidine (CHG) bathing, in adult intensive care patients, to reduce infection.
BSI = Blood Stream Infection, CLABSI = Central Line Associated Blood Stream Infection, MDRO = Multi-Drug Resistant Organism, VAP = Ventilator
Associated Pneumonia, and CAUTI — Catheter Associated Urinary Tract Infections. RRR = Risk rate reduction. Estimates above the upper boundary
(broken line) suggest superiority, while those below the lower boundary, suggest inferiority of CHG-bathing to prevent infection. The required
heterogeneity information size estimated using the approach suggested by Thorlund et al [14]

79 exlcuded

54 exlcuded
Reviews, uncluding Meta-analysis,economic analysis

16 exlcuded
Non Adult populations

3 exlcuded
Study protocols

7 exlcuded
Before and after studies

J

6-months cross-over period used by Climo [6]. The
shorter ten-week cross-over period being considered to
be insufficient to determine the true impact of CHG
bathing on infection rates. Therefore, future trials should
consider the optimal study design, and the optimal
length of study intervention and control periods. The
use of a randomised cluster cross-over design appears
optimal and would be easily integrated into the current
cumulative evidence. However, the contextual effect of
the intervention period lowering the background rates of
infection would need to be carefully considered, and for
this reason a randomised stepped-wedge approach may
also be an option [28].

The results of our TSA meta-analysis have some im-
portant clinical implications for the wider ICU commu-
nity of clinicians. Importantly, more research is need in
this area, that specifically ensures trustworthy evidence
of the effectiveness of daily CHG bathing to reduce in-
fections among adults admitted to intensive care, and to
ensure results are generalisable to a wider diverse popu-
lation of ICU patients. The evidence needs to be of the
highest quality, like any intervention, there are

concerns regarding the safety of daily bathing of ICU
patients with CHG, however our meta-analysis has
not addressed this issue. Moreover, even though CHG
bathing aims to reduce HAI it has been suggested it
may promote the emergence of chlorhexidine-resist-
ance, and increase gram-negative organism bacter-
aemia [9]. However, large studies have failed to
support this hypothesis [29]. Importantly, even a
modest treatment effect should be considered in the
context of the seriousness of some of these specific
infections among ICU patients, that are costly and
are potentially associated with increased patient mor-
bidity and mortality.

Importantly, a previous met-analysis of CHG bathing
by Afonso et al [30] found that the effect of chlorhexi-
dine gluconate-impregnated washcloth bathing may be
unequal for Gram-positive BSIs versus Gram-negative
BSIs and that this warrants further study.

Conclusion
Routine bathing with CHG does not occur in the adult
ICU setting, and TSA suggests that more trials are
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needed to address the current state of ‘clinical equi-
poise’. Ideally these studies would be conducted among
a diverse group of ICU patients, and to the highest
standard to ensure generalisability of results.
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