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ABSTRACT:

Objective: To test the hypothesis that compared with daily soap and water bathing, 2%
chlorhexidine gluconate bathing every other day for up to 28 days decreases the risk of
hospital-acquired catheter-associated urinary tract infection (CAUTI), ventilator-
associated pneumonia (VAP), incisional surgical site infection (SSI), and primary
bloodstream infection (BSI) in surgical intensive care unit (SICU) patients.

Design: This was a single-center, pragmatic, randomized trial. Patients and clinicians
were aware of treatment-group assignment; investigators who determined outcomes
were blinded.

Setting: 24-bed SICU at a quaternary academic medical center

Patients: Adults admitted to the SICU from 07/2012 through 05/2013 with an
anticipated SICU stay 248 hours were included.

Interventions: Patients were randomized to bathing with 2% chlorhexidine every other
day alternating with soap and water every other day (treatment arm) or to bathing with
soap and water daily (control arm).

Measurements and Main Results: The primary endpoint was a composite outcome of
CAUTI, VAP, incisional SSI, and primary BSI. Of 350 patients randomized, 24 were
excluded due to prior enrollment in this trial and 1 withdrew consent. Therefore, 325
were analyzed (164 soap and water versus 161 chlorhexidine). Patients acquired 53
infections. Compared to soap and water bathing, chlorhexidine bathing every other day
decreased the risk of acquiring infections (hazard ratio=0.555, 95% CI 0.309 to 0.997,
P=0.049). For patients bathed with soap and water versus chlorhexidine, counts of
incident hospital-acquired infections were 14 versus 7 for CAUTI, 13 versus 8 for VAP,

6 versus 3 for incisional SSls, and 2 versus 0 for primary BSI; the effect was consistent

11
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across all infections. The absolute risk reduction for acquiring a hospital-acquired
infection was 9.0% (95% CIl 1.5% to 16.4%, P=0.019). Incidences of adverse skin
occurrences were similar (18.9% soap and water versus 18.6% chlorhexidine, P=0.95).

Conclusions: Compared with soap and water, chlorhexidine bathing every other day

decreased the risk of acquiring infections by 44.5% in SICU patients.
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INTRODUCTION

An estimated 1,700,000 hospital-acquired infections (HAIs) occur in the United States
each year, with an annual cost of up to $147 billion dollars.(1, 2) A growing body of
evidence supports the conclusion that bathing intensive care unit (ICU) patients with
chlorhexidine gluconate, a topical antiseptic that rapidly kills common HAIl-causing
pathogens, prevents colonization from HAIl-causing pathogens, prevents bloodstream
infections (BSIs), and may prevent other types of HAIls.(3-21) A 2012 meta-analysis,
which included one randomized trial and eleven quasi-experimental studies, reported a
64% reduction (pooled odds ratio = 0.44, 95% CI 0.33 to 0.59) in incident BSls with
chlorhexidine bathing in adult ICU patients.(21) In this meta-analysis, the treatment
effect was consistent for both chlorhexidine solution and chlorhexidine-impregnated
cloths; however, the effect was strongest for medical ICU patients and there was less
evidence for surgical intensive care unit (SICU) patients. Data from several quasi-
experimental studies suggests that chlorhexidine bathing may prevent non-BSI HAls,

but this has not been confirmed in a randomized trial.(10, 11, 16, 19, 20, 22, 23)

In 2013, three multicenter trials that randomized either ICUs or hospitals found that
compared to daily bathing with soap and water, daily bathing with chlorhexidine reduced
BSls by 28% to 44%.(17, 18, 24) However, these trials did not examine a treatment
effect of chlorhexidine for prevention of catheter-associated urinary tract infection
(CAUTI), ventilator-associated pneumonia (VAP), or incisional surgical site infections
(SSI) and did not evaluate the treatment effect of chlorhexidine bathing at the individual

patient level. In 2015, the effectiveness of chlorhexidine bathing was challenged by a
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single-center, cluster-randomized crossover trial of daily bathing using chlorhexidine-
impregnated cloths in critically ill adults that did not find a reduction in the composite
outcome of central line-associated BSI, CAUTI, VAP and Clostridium difficile; however,

the impact of ascertainment bias in that study is unclear.(25)

In 2011, the Houston Methodist Research Institute funded the CHlorhexidine Gluconate
BATHing (CHG-BATH) trial. We believed a clinical trial was warranted as there was
clinical equipoise regarding the effectiveness of chlorhexidine bathing in SICU patients.
The objective of this trial was to evaluate the comparative effectiveness of bathing with
chlorhexidine versus soap and water for the prevention of four HAls (CAUTI, VAP,

incisional SSI, and primary BSI) in SICU patients.
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MATERIALS AND METHODS

Trial design

The CHG-BATH trial was a pragmatic, single-center, open-label, randomized trial
conducted in a 24-bed SICU at Houston Methodist Hospital, a quaternary academic
medical center. The SICU provides care for general surgical patients and a large liver
failure population before and after liver transplant. We tested the hypothesis that
compared to soap and water daily bathing, 2% chlorhexidine gluconate bathing on ICU
admission and every 48 hours during SICU care for up to 28 days will decrease the risk

of acquiring four HAIs (CAUTI, VAP, incisional SSI, and primary BSI) in SICU patients.

Patients and bedside clinicians were aware of treatment-group assignment, but
investigators who determined efficacy and safety outcomes were blinded. No interim
analyses for efficacy were planned. This trial was supported by an intramural grant,
approved by the hospital’s Institutional Review Board with a waiver of informed consent,
and registered prior to enroliment (#NCT01640925). This trial could not be practically
carried out without a waiver of informed consent, and a waiver was provided for this

minimal risk study.

Patients were randomized within 48 hours of SICU admission. Patients were bathed per
protocol during the bathing period, which started at randomization and ended at SICU
discharge, day 28, or death, whichever occurred first. Patient-level information was
collected daily during the observation period, which includes the bathing period plus up

to 48 hours of additional follow-up.
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The original protocol allowed for patients readmitted to the SICU to be re-randomized
into the trial; however, prior to analyzing the data, the research team excluded non-

index randomizations to maintain independence among units of randomization.

Recruitment and eligibility criteria

All patients admitted to the SICU from 07/2012 through 05/2013 were screened for
eligibility. Adults (218 years old) with an anticipated SICU stay 248 hours were eligible.
Patients with a Braden Scale for Predicting Pressure Sore Risk (26) score <9 (highest
risk), pregnancy, skin irritation that precluded chlorhexidine bathing, chlorhexidine

allergy, or a SICU stay of >48 hours prior to screening were ineligible.

Bathing procedure

Beginning on the day of randomization, patients received daily washbasin-based baths
per protocol until SICU discharge, day 28, or death, whichever occurred first. In the
control arm, patients were bathed daily with soap and water. In the treatment arm,
patients were bathed with chlorhexidine every other day (starting study day 1)
alternating with soap and water every other day. Prior to trial initiation, all SICU nurses
and patient care assistants were educated on the protocol. A charge nurse or nursing
manager audited bathing compliance daily. The protocol mandated that washbasins be

discarded after each study bath (in both arms) to prevent colonization.(27)
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Soap and water baths were predominately provided with non-medicated Bedside-Care®
Easicleanse™ Bath washcloths (Coloplast, Minneapolis, Minnesota, USA), which are

compatible with chlorhexidine (http://www.coloplast.us/); alternatively, Dial™ soap and

disposable cloths were used. This procedure was also used to provide soap and water
baths every other day in the chlorhexidine arm. These soap and water baths were the
standard of care in this SICU prior to trial initiation. Patients in both study arms also
received ad-hoc soap and water baths to cleanse bodily fluids such as urine, feces, and
blood. Ad-hoc baths were restricted to soiled skin areas only. The frequency of use of

ad-hoc baths was not recorded.

Chlorhexidine bathing consisted of the following steps. First, Bedside-Care®
Easicleanse™ Bath washcloths were used to remove soiled material from skin and to
cleanse face, open wounds, and perianal areas. The washbasin was emptied and filled
with a 2% chlorhexidine solution created by mixing 8 ounces of warm tap water with 8
ounces (two 4-ounce bottles) of Bactoshield® chlorhexidine 4% Surgical Scrub
(STERIS corporation, Mentor, Ohio, USA). Disposable or terrycloth washcloths
submerged into the 2% chlorhexidine solution were used to bathe the entire body
except for the face, perianal mucous membranes, and open wounds. The chlorhexidine

was allowed to air-dry without rinsing to create a chlorhexidine barrier.

Trial outcomes

Primary efficacy endpoint
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The primary endpoint was acquisition of an incident CAUTI, VAP, incisional SSI, or
primary BSI (definitions for each infection are available in Supplemental Digital Content
—Text 1 and Figures 1-4). Infections detected more than 48 hours after randomization
and prior to the end of follow-up were classified as incident infections. Infections
detected prior to or within 48 hours of randomization were classified as prevalent
infections. Surveillance for infection (cultures and imaging) was ordered per routine care
and was not standardized per protocol. The 2008 Centers for Disease Control and
Prevention (CDC) surveillance definitions were used, with a modification to the definition
of abnormal temperature to include <36°C and >38°C.(28, 29) For CAUTI, we adopted
the March 2010 CDC update and 2013 CDC requirement of symptoms within 1 day of
urine culture.(28, 30) Pneumonias detected after 48 hours of mechanical ventilation
were classified as VAP.(28, 31) Since chlorhexidine bathing was hypothesized to
decrease SSlIs involving the incision, only superficial or deep incisional SSI were
included as outcomes; organ/space infections were not included. However, organ/space
SSls that drained through the incision were classified as incisional SSls.(28) If a patient
developed two infections of the same type (e.g. two BSlIs); the second infection was not
included. If a patient developed two incident infections of different types (e.g. VAP and

CAUTI), both infections were included.

Time at risk for an incident HAI
The time-at-risk for each HAI type was the summation of all hours within the observation
period during which patients also met infection-specific criteria. Infections detected

within 48 hours after randomization were classified as prevalent infections, and the first
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48 hours after randomization were not included in the calculation of time-at-risk.
Patients were at risk for BSI during the entire observation period. Patients were at risk
for incisional SSI for 30 days after National Healthcare Safety Network qualifying
surgeries without implant and 365 days after surgeries with implant.(30, 32) Patients
were at risk for CAUTI if a urinary bladder catheter was present or had been used within
the previous 48 hours. Patients were at risk for VAP after 48 hours of airway invasion
with an endotracheal or tracheostomy tube and remained at risk until removal of the

airway tube.

Secondary endpoints

Efficacy endpoints were rates of CAUTI, VAP, incisional SSI, and primary BSI per 1,000
days at risk, in-hospital mortality, and length of time from randomization until first SICU
discharge and hospital discharge. Safety endpoints were incident adverse skin
occurrences (e.g. non-infectious rashes, blisters, ulcers, indurations, urticaria,
erythema, and exfoliation); severity was graded using National Cancer Institute
criteria.(33) Nurses evaluated skin conditions every 4 hours during SICU care. Skin
occurrences detected prior to randomization were classified as prevalent, and those
detected after randomization were classified as incident. Investigators blinded to
treatment-group assignment categorized the perceived association of the skin

occurrences with bathing as not related, unlikely, possibly, probably, or definitely.(34)

Sample size
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The number of patients needed to achieve 80% power was estimated at 320 using
Pearson’s Chi-squared (66% relative risk reduction; proportion infected, 15% with
control, 5% with chlorhexidine) and 171 using Cox proportional hazards regression
(hazard ratio reduction of 0.66; 0.15 probability of infection with control) using a two-

sided 5% significance. The enrollment goal was set at 350 patients.

Randomization

Prior to trial launch, the principal investigator created the randomization table by sorting
175 letter A’s (chlorhexidine) and 175 letter B’s (soap and water) using “=RAND()”
function in Microsoft Excel 2007. Investigators consecutively numbered 350 folders and
filed each with treatment-group specific materials. Investigators opened folders only
after a patient was enrolled and study numbers were assigned in order. Folder contents

were not visible prior to opening.

Outcome assignment

To prevent misclassification, two adjudication committee members independently
reviewed every patient case using standardized flow sheets to detect HAls (details are
available in Supplemental Digital Content —Text 1 and Figures 1-4). This 8-member
adjudication committee consisted of an internist (CMA), a pulmonologist (NPW),
infection prevention specialists (EAG and KID), surgeons (SAH and RAO), and critical
care pharmacists (JAG and LRS). Complex cases were discussed at arbitration

meetings, and a majority vote was used to finalize outcome decisions. One investigator
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(VPP, LNB, JAG, or LRS) reviewed patient data to detect and grade skin occurrences.

Reviewers for HAls and skin occurrences were blinded.

Statistical analysis

Primary outcome

The primary outcome used Cox regression analysis of a multiple outcomes failure
model stratifying the baseline hazard function on infection type and providing an overall
hazard rate ratio for the four infection types (two-sided alpha of 0.05).(35) This analysis
was conducted with a modified intention-to-treat (modified-ITT) population and was not
adjusted for baseline variables. All other analyses were planned a priori, but were
considered exploratory. All analyses were performed using Stata version 13 (StataCorp

LP, College Station, TX, United States).

Secondary outcomes

Proportions of patients with incident skin occurrence(s) or in-hospital mortality were
compared using Chi-squared tests. For each individual infection type, a hazard rate
ratio was calculated using survival models and infection rates were compared using

Poisson regression. Lengths of hospital or SICU stay were compared using the t-test.

Sensitivity analyses
Sensitivity analyses were conducted to test the robustness of results of the primary
analysis. The primary analysis was conducted within per-protocol (received 21 study

bath) and compliant (received 280% of study baths) groups. Proportions of patients with
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incident infection(s) were analyzed with Pearson’s Chi-squared test. Additional
sensitivity analyses are described and reported in the Supplemental Digital Content —

Text 3,

Patient involvement
Patients were not involved in the design of this study, development of outcomes, or

recruitment of subjects. Results were not disseminated to study subjects.

Role of the funding source
This study was funded by an intramural grant from the Houston Methodist Research
Institute, Houston, Texas, United States. The funder had no role in study design, data

collection and analysis, decision to publish, or preparation of the manuscript.
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RESULTS

Trial participants

Of 350 randomizations, 325 patients were included in the primary analysis (Figure 1).
The mean APACHE Il score was 26.5; 37.5% of included patients (122 of 325) had liver
failure and 49.5% (161 of 325) had kidney dysfunction prior to enrollment. Treatment
arms were balanced regarding age, race, pre-randomization hospital course, and
severity of illness (Table 1 and Supplemental Digital Content — Table 2). However,
patients in the chlorhexidine arm were more likely to have kidney dysfunction, liver
failure, subclavian bloodstream catheters, invasive airway at randomization, and a SICU
admission status of unscheduled surgery. Patients received 83.4% (1944 of 2332) of
study baths and averaged 6 baths each (SD=6.6, range 0 to 28), which was similar
(P=0.8) between arms (Supplemental Digital Content — Table 3). The online
Supplemental Digital Content provides detailed information on surveillance of blood
and urine cultures (Supplemental Digital Content — Table 4), amount of time at risk
censored after detection of infection (Supplemental Digital Content — Table 5), and

number of surgeries eligible for incisional SSI (Supplemental Digital Content — Table 6).

Primary outcome

Fifty-three incident HAIs (35 with soap and water versus 18 with chlorhexidine) were
detected (organisms reported in Supplemental Digital Content — Tables 7 and 8).
Compared to soap and water bathing alone, intermittent chlorhexidine bathing

decreased the risk of acquiring HAIs (hazard ratio [HR]=0.555, 95% CI 0.309 to 0.997,
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P=0.049) by 44% in an unadjusted primary analysis (Figure 2). The proportional-

hazards assumption was met for this analysis (P=0.061).

Secondary outcomes

The incidence of adverse skin occurrences was 18.9% in the soap and water arm and
18.6% in the chlorhexidine arm, with no difference between arms (P=0.95)
(Supplemental Digital Content — Table 9). Compared with patients bathed with soap and
water, patients bathed with intermittent chlorhexidine experienced fewer CAUTIs (14
versus 7), VAPs (13 versus 8), incisional SSls (6 versus 3), primary BSIs (2 versus 0)
(Figure 3), and deaths during the study (23 versus 18, HR=0.85, 95% CI 0.46 to 1.58,
P=0.60). However, these individual secondary outcomes were not powered and were
not significantly different. Additional outcomes are reported in Supplemental Digital

Content — Table 3.

Sensitivity analyses

In the test of proportions analysis, chlorhexidine bathing reduced the incidence of
acquiring an HAI from an incidence of 18.3% (30 of 164) in the soap and water arm to
an incidence of 9.3% (15 of 161) in the chlorhexidine arm (absolute risk reduction of
9.0%, 95% CI 1.5% to 16.4%, P=0.019). Analyses within per-protocol and compliant
groups supported the primary analysis (Figure 2). Additional sensitivity analyses listed
in Supplemental Digital Content —Text 3, Table 3, Table 10, Figure 5, and Figure 6 also

support the results of the primary analysis.
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DISCUSSION

This is the first trial evaluating chlorhexidine bathing in SICU patients that randomized
on the patient level and enrolled patients who were predicted to require at least 48
hours of ICU care, which selected patients at highest risk for acquiring HAIs. In this trial,
full-body bathing with chlorhexidine every other day reduced the risk of acquiring the
composite outcome of four HAls (CAUTI, VAP, incisional SSI, and primary BSI) in SICU
patients by 44%. The absolute risk reduction for acquiring an HAIl was 9%, equating to
bathing 11 patients to prevent one HAI. Chlorhexidine bathing did not increase the risk

of adverse skin occurrences or pressure ulcers.

Clinical relevance

Beginning in 2009, the United States Department of Health and Humans Services’ HAI
Action Plan established goals to reduce CAUTI by 25%, reduce central line-associated
BSls by 50%, reduce SSlIs by 25%, and reduce VAP. (36, 37) The large magnitude of
the estimated effect of chlorhexidine bathing every other day, as shown in our trial,
meets these HAI prevention goals for SICU patients who are predicted to require at

least 48 hours of ICU care.

Temporal effects of chlorhexidine

The rationale for bathing with chlorhexidine every other day was chosen to limit the risk
of adverse skin occurrences, as no safety data was available from randomized trials
when this trial was developed. However, it was reasonable to expect the effects of

chlorhexidine to last for at least 48 hours, since it takes a median of 5 days for the skin
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to recolonize following a chlorhexidine bath. (38-40) Following SICU admission, the
average time to randomization was 14 hours and time to first study bath was 26 hours,

and this expeditious enrollment and bathing may have been crucial to prevent HAls.

Our protocol assumed that the latency period between inoculation of a pathogen and
detection of infection was 48 hours. As expected, chlorhexidine bathing did not reduce
the prevalence of infections detected within 48 hours of randomization and did reduce
the incidence of infections occurring 48 hours or more after randomization. Our data
provides rationale to classify infections that develop within 48 hours of randomization as

prevalent infections, rather than incident infections, to prevent bias in future trials.

Biological plausibility: organism-specific effects of chlorhexidine

The most common organisms isolated among incident HAIs were Candida species
(n=15), Enterococcus species (n=8), Staphylococcus species (n=7), and Klebsiella
pneumoniae (n=7), which represent the most common ICU pathogens.(2) Compared
with patients bathed with soap and water, patients bathed with intermittent chlorhexidine
acquired fewer HAIs from Candida species (11 versus 4), Enterococcus species (6
versus 2), and Staphylococcus species (6 versus 1); however, counts of specific
organisms were not powered for statistical analysis. These findings are biologically
plausible as chlorhexidine rapidly kills Staphylococcus, Enterococcus, and Candida and
decreases skin colonization density. (7, 41-45) Chlorhexidine bathing of critically ill
patients decreases patients’ skin colonization density of Enterococcus and decreases

the risk of obtaining positive Enterococcus cultures on healthcare workers’ hands. (46)

26



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

A reduction of Candida infections, predominately CAUTIs, was the largest organism-
specific effect observed in our trial, and anti-fungal activity has been reported in three
clinical studies. Two recent multicenter trials of chlorhexidine bathing reported 29% to
53% reductions in fungal BSIs.(17, 18) A third study of chlorhexidine bathing reported a
reduction in Candida CAUTIs (P<0.001).(10) The causal association between
chlorhexidine bathing and a reduction in both colonization and infection from
staphylococci and enterococci has been widely demonstrated. (16-19, 22, 24, 47)
Although at least one study reported a reduction in gram-negative bacteria with
chlorhexidine bathing, there is less evidence that chlorhexidine bathing prevents

hospital-acquired infections from gram-negative bacteria.(23)

Biological plausibility: infection-type specific effects of chlorhexidine

Routine antisepsis of healthcare workers’ hands and pre-procedural antisepsis of local
region of patients’ skin are universally accepted strategies for preventing infections. (38,
48) Full-body bathing with chlorhexidine reduces colonization of HAl-causing pathogens
on the skin of critically ill patients, who often have multiple inserting catheters and are
highly vulnerable to infection either from their own microbiota or from patient-to-patient
transmission. (46) The relationship between chlorhexidine bathing and prevention of
BSI has been clearly established in three multi-center trials and a meta-analysis.(17, 18,
21, 24) Therefore, it seems plausible that chlorhexidine bathing may also prevent
infections associated with other inserting catheters (CAUTI and VAP) or incision of the

skin (incisional SSI).
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In addition to the reductions in CAUTI, VAP, and SSI observed in this trial, the biological
plausibility that chlorhexidine bathing decreases multiple HAIs is supported by several
other recent studies. In a before-and-after study of 325 ICU patients with suspected
sepsis, bathing with 2% chlorhexidine versus soap and water decreased the incidence
of 3 HAIs (BSls, VAP, and urinary tract infection) from 32% to 19% (P = 0.01); the effect
was significant for all three individual infection types.(23) A before-and-after study of
1,007 of mixed medical/surgical ICU patients reported a 44% reduction in the combined
rate of VAP, CAUTI, or central-line associated BSls (P<0.001) with chlorhexidine
bathing, with significant reductions for VAP (49% relative reduction, P = 0.036) and
CAUTI (25% relative reduction, P<0.001).(10) A meta-analysis of two studies reported a
78% reduction in methicillin-resistant Staphylococcus aureus VAP with chlorhexidine
bathing (P=0.006).(19) A meta-analysis of five studies evaluating perioperative skin

antisepsis with chlorhexidine reported a 71% reduction in SSIs.(20)

Noto, et al. conducted the only previous randomized trial evaluating the effect of
chlorhexidine bathing on CAUTI and VAP, and did not find an effect; however, there are
several key differences between our trial and this trial.(25) Compared with Dr. Noto’s
trial, the incidence of infections among control patients in our trial was 13.4-fold greater
for CAUTI (8.5%, 14 of 164 versus 0.6%, 31 of 4852) and 48-fold greater for VAP
(7.9%, 13 of 164 versus 0.2%, 8 of 4852). Additionally, patients in our trial received an
average of 4.4 more days of ICU care (7 versus 2.6), thus receiving a longer duration of

exposure to chlorhexidine bathing. The data from these two trials indicate that
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chlorhexidine bathing may have increased effectiveness in patients who are at high risk

for infection and are predicted to require at least 48 hours of ICU care.

Intervention at the patient-level rather than group-level

Previous chlorhexidine bathing trials used cluster randomization and intervened at the
group-level, and may be at risk for ecological inference fallacy if individual exposure to
chlorhexidine was not accounted for in the analysis. Group-level interventions do not
evaluate the effectiveness of prescribing chlorhexidine bathing to individual patients in
healthcare settings where chlorhexidine bathing is not the standard of care either due to
limited healthcare resources or other barriers. By randomizing on the patient level, our
trial provides evidence that prescribing chlorhexidine bathing for individual patients
prevents HAls. It is unknown if the treatment effect observed in our trial was through
decreasing the risk of infection from the patient’s own microbiota, decreasing the risk of

patient-to-patient transmission, or both.

Bathing product selection and frequency

Within our institution, the cost of each soap and water bath using a washbasin is $1.16,
2% chlorhexidine bath using a washbasin is $4.66, and 2% chlorhexidine-impregnated
cloth bath without a washbasin is $6.69. (6, 49) Although previous trials utilized 2%
chlorhexidine impregnated cloths,(17, 18) this trial utilized a 2% chlorhexidine solution
to reduce costs. However, nurses may prefer bathing with 2% chlorhexidine cloths
compared to bathing with chlorhexidine in washbasins. (49) Now that both products

have shown effectiveness, chlorhexidine products can be selected by balancing cost
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and satisfaction. Chlorhexidine bathing every other day reduced HAIs in this trial, which

provides evidence that the treatment effect lasts for at least 48 hours after each bath.

Chlorhexidine bathing was provided every other day rather than daily in this trial due to
concerns of increased risk of skin reactions; however, the incidence of skin occurrences
was similar between treatment arms. Two large trials have demonstrated safety with
daily bathing,(17, 18) and daily bathing may be preferred over every other day bathing
due to the potential for a larger treatment effect. However, the comparable effectiveness
of chlorhexidine bathing provided daily versus every other day is unknown. Additionally,
the treatment effect of chlorhexidine bathing compared with soap and water bathing with
washbasins may be different than if the control group consisted of non-medicated cloth

bathing.

Strengths

This trial used a pragmatic design that ensured maximum generalizability by using
minimal inclusion and exclusion criteria, causing minimal interference with normal
processes of care (such as culture ascertainment and antimicrobial use), emphasizing
the use of data routinely collected within the hospital’s electronic medical record. This
trial was conducted with minimal financial resources for research activities. Non-
investigator bedside nurses and patient care assistants provided chlorhexidine bathing,
investigators did not monitor the quality of baths provided, and concentrations of

chlorhexidine in the bathing solution were not measured; while these attributes may
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decrease the internal validity (potentially attenuating the treatment effect), they increase

the external validity of this trial.

Investigators limited misclassification bias by having all patient cases reviewed
independently by two adjudication committee members and limited observer bias by
blinding adjudication committee members to treatment-group assignment. Times at risk
for HAls were calculated to the unit of hours to improve precision for survival analyses.
A singular primary analysis was clearly defined prior to seeing the data that maintains
an overall type 1 error of 0.05%. Although not powered for statistical analysis,
mathematical reductions for each of the four infections were consistent with the primary
analysis. The magnitude of the treatment effect observed in the primary analysis was

supported by many sensitivity analyses.

Generalizability

This trial was conducted within a single SICU at one institution. Only patients with
anticipated SICU stay of 248 hours were enrolled. Due to the trial's inclusion criteria and
calculation of time-at-risk, these rates of infection are high and cannot be directly
compared to rates that were calculated using different criteria. This SICU cares for
many patients who have liver failure or have undergone solid organ transplant (liver,
kidney, and pancreas), and these immunocompromised patients have a high risk of
infection. Most surgeries involved the intra-abdominal cavity, which carries the greatest

risk of SSlIs. At our institution, cardiovascular surgery, thoracic surgery, and
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neurosurgery patients are routinely admitted to other ICUs and are not represented in

this cohort.

Limitations

This study was not powered to detect differences in the incidence of individual infection
types, hospital length of stay, or in-hospital mortality. Although a large treatment effect
was detected, the confidence intervals for this point estimate were wide. Although
adjudicators of infection outcomes were blinded during official study activities, 2 of the 8
adjudicators provided direct care in the SICU (clinicians were not blinded), which may
have led to inadvertent loss of blinding in some cases. Chlorhexidine susceptibility
testing was not performed. Previous research identified major limitations of the VAP
CDC criteria that were used in this trial. (50)Since adjudicators were blind to treatment
group assignment, any potential misclassification of VAP outcomes is expected to have

impacted both treatment groups equally.

The trial protocol did not standardize surveillance of HAls (cultures and imaging), and
non-standard surveillance could have caused under-ascertainment of HAIs that could
have biased the results towards the null. Fortunately, surveillance of blood and urine
cultures was similar between study arms, providing some evidence that surveillance
bias would have impacted both arms equally. The trial protocol censored a patient’s risk
after the first infection of that type, and this censoring may have prevented detection of
new incident HAIs. The impact of this potential bias would be greatest for the two most

common HAls, which were CAUTI and VAP. Since most incident HAls were detected in
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the soap and water arm, this impact of this limitation would be largest for the soap and
water arm, which may have biased the treatment effect towards the null. Systemic
antimicrobial therapy (especially use of prophylactic antimicrobials) was not
standardized by the trial protocol. However, due to randomization, exposure to
antimicrobials within 48 hours after randomization appeared similar, and it was unlikely
that this bias accounted for the large magnitude of effect observed. Use of Dial™ soap

was not measured; however, investigators believe it was used infrequently.

The protocol mandated that washbasins be discarded after each bath, but compliance
with this mandate was not tracked. If washbasins were not appropriately discarded,
pathogens may have colonized the washbasins. This colonization would be more likely
to occur in the soap and water arm compared with the chlorhexidine arm, because
chlorhexidine prevents colonization. (27, 51) This phenomenon can either be viewed as

a potential bias or as part of the treatment effect of chlorhexidine bathing.
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CONCLUSION

Full-body bathing with chlorhexidine every other day reduced the risk of acquiring the
composite outcome of four HAls (CAUTI, VAP, incisional SSI, and primary BSI) in SICU
patients by 44.5%. Intermittent chlorhexidine bathing did not increase the risk of
adverse skin occurrences. This inexpensive, safe, and easy to implement intervention
prevents HAls in SICU patients who are expected to require at least 48 hours of ICU
care. The association between chlorhexidine bathing and prevention of multiple types of
infection observed in this trial should be confirmed in another clinical trial of patients

who have a high risk of acquiring HAIs.
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Tables

Table 1. Patient demographics and baseline variables

Variable Soap and water | Chlorhexidine
(n=164) (n=161)
Age, mean years + SD 60.2 + 16.5 59.4 +15.9
Male sex, no. (%) 86 (52.4) 98 (60.9)
Weight, mean kg + SD 83.8 +25.7 86.9 £ 28.0
Race, no. (%)
Caucasian 96 (58.5) 96 (59.6)
African American 22 (13.4) 20 (12.4)
Hispanic 11 (6.7) 7(4.4)
Asian 7 (4.3) 5(3.1)
Other 28 (17.1) 33 (20.5)
Hospital course prior to randomization
Hospital stay, mean days + SD ° 4.4+717 42+11.1
SICU stay, mean days + SD ° 06+04 0605
Time from SICU admission to first study bath, 1.1+0.6 1.1+0.6
mean days + SD
Time from randomization to first study bath, mean 05+05 05+05
days £ SD
SICU admission type(52), no. (%)
Medical 95 (57.9) 79 (49.1)
Scheduled surgery 27 (16.5) 29 (18.0)
Unscheduled surgery 42 (25.6) 53 (32.9)
SICU admission severity of illness, mean = SD
SAPS 11(52) * 44.2 £17.8 44.1 +16.2
SOFA(53) 7.0+47 76+45
APACHE 11(54) " 26.1+9.0 26.8 + 9.1
Organ failure at baseline, no. (%)
Acute/chronic liver failure #° 57 (34.8) 65 (40.4)
Acute/chronic kidney dysfunction #¢ 76 (46.3) 85 (52.8)
Count of central bloodstream catheters at 09+£0.8 1.1+£0.8
randomization, mean + SD #¢
Bloodstream catheters at randomization, no. (%)
Peripheral line access 113 (68.9) 122 (75.8)
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639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656

Intra-jugular access ° 79 (48.2) 81 (50.3)
Femoral access #° 28 (17.1) 35 (21.7)
Peripherally-inserted central catheter 27 (16.5) 27 (16.8)
access °
Subclavian access *° 20 (12.2) 28 (17.4)
Arterial catheter #° 66 (40.2) 71 (44.1)
Invasive airway at randomization, no. (%) #° 93 (56.7) 111 (68.9)
Orotracheal 88 (53.7) 105 (65.2)
Tracheostomy 3(1.8) 5(3.1)
Nasopharyngeal 2(1.2) 1(0.6)
Urine bladder catheter at randomization, no. (%) 140 (85.4) 139 (86.3)
Systemic antibiotics or antifungals within 48 hours 145 (88.4) 141 (87.6)
after randomization, no. (%) ?'
Braden Scale for Predicting Pressure Sore 145+ 2.6 145+29
Risk(26) at randomization, mean + SD

APACHE II, Acute Physiology and Chronic Health Evaluation Il; SAPS II, Simplified
Acute Physiology Score Il; SD, standard deviation; SOFA, sepsis-related organ failure
assessment

@ Using criteria specified before analysis (Table S1), investigators inspected 13 baseline
variables for clinically relevant differences.

® APACHE Il scores were calculated using the lowest Glasgow Coma Scale recorded
during the 24 hours following ICU admission; however, Glasgow Coma Scale scores
may have been influenced by sedation. Alternatively, APACHE Il scores were
calculated using the Glasgow Coma Scale score that was recorded immediately prior to
initiation of intravenous opioids or sedatives (mean + SD; 24.0 £ 8.7 soap and water vs.
24.3 = 7.9 chlorhexidine).

° The five variables that were imbalanced according to these criteria were used as
covariates in a sensitivity analysis.

9 A central bloodstream catheter was defined as a venous or arterial catheter of the
following types: intrajugular, femoral, subclavian, or peripherally-inserted central
catheter

® The number of patients with bloodstream catheters in the radial or femoral artery. This

is not mutually exclusive from the femoral access row above. For example, a patient
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657 with a femoral arterial line would be counted in the femoral access row and the arterial
658 catheter row.

659 ' Detailed information on antibiotic exposure within the first 48 hours after randomization
660 is available in the online data supplement (Table S2).
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Figures

Figure 1. CONSORT diagram

SICU admissions screened (n = 1693)

Excluded from enrollment (n = 1343)

Expected SICU stay < 48 hours (n = 1261)

Active skin irritation upon admission (n = 38)

Not screened within 48 hours of SICU admit (n = 35)
Pregnant (n=1)

Asked to be excluded from study (n =4)

Initial Braden score <9 (n = 3)

Age <18yearsold(n=1)

Known chlorhexidine allergy (n=0)

Physician orders to exclude patient (n = 0)

Admissions randomized (n = 350)

Control group . Intervention group
\J v

Randomized to soap & water (n = 175) Randomized to chlorhexidine (n = 175)

Previously enrolled (n = 13)°

Previously enrolled (n = 11) - Withdrew prior to bath (n = 1)
Modified-ITT | y Y
population Soap & water patients (n = 164) Chlorhexidine patients (n = 161)
(primary) ¢ — e
No soap & water baths (n=15) <! » No chlorhexidine baths (n = 14)
Per-protocol Y Y
population Received - | soap & water bath (n = 149) Received - | chlorhexidine bath (n = 147)
(sensitivity) | — B |
Received < 80% of baths (n =63) « » Received < 80% of baths (n = 67)
Compliant Y Y
population Soap & water baths per protocol (n = 86) Chlorhexidine baths per protocol (n = 80)

(sensitivity) L

Footnote: ITT, intention to treat; SICU, surgical intensive care unit

@ Twelve patients were excluded because they were previously enrolled in the trial. One
patient that was already active in the trial was erroneously randomized to the same
study arm; the second randomization number was retired, and the patient continued the

first randomization.
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Figure 2. Forest plot of hazard-ratios by subgroups

Hazard ratios for composite outcome of four infections®

Favors Chlorhexidine

Favors Soap and Water
0.555 (0.309,0.997)

1.000 (.,.)
0.555 (0.309,0.997)

0.157 (0.019,1.282)
0.612 (0.334,1.122)

0.588 (0.279,1.238)

0.513 (0.189,1.395)

0.415 (0.169,1.019)

Overall R |
= One Bath
No (n=29) 9
Yes (n=296) ——
= 80% of Baths
No (n=159) —=
Yes (n=166) —.—
Age
< 65 (n=204) i
= 65 (n=121) -
Gender
Male (n=184) —a——
Female (n=141) L
APACHE I

<25 (n=148) -#———

0.696 (0.312,1.556)

0.131 (0.017,1.031)

= 25 (n=177)
Treatment Days

<7 (n=205) ————

=7 (n=120) —8—
Liver Failure

No (n=203) —

Yes (n=122) —.—

Kidney Dysfunction

No (n=164) ——
—.

Yes (n=161)

0.853 (0.419,1.735)

0.149 (0.019,1.186)
0.637 (0.346,1.173)

0.596 (0.295,1.207)
0.405 (0.154.1.067)

0.224 (0.051,0.988)
0.592 (0.301,1.161)

1 1

0 5

Footnote: APACHE II, Acute Physiology and Chronic Health Evaluation I1.

The boxes represent the hazard ratios, and the lines represent 95% confidence

intervals.

T

1

1 1

1.5 2

 The composite outcome of hospital-acquired infections includes CAUTI, VAP,

incisional SSI, and primary BSI. The treatment effect was consistent across gender,

duration of treatment, severity of illness, liver failure, and kidney dysfunction.
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Figure 3. Kaplan-Meier of time to infection

A) Catheter-associated urinary tract infections B) Ventilator-associated pneumonias

Days at Risk Days at Risk
Number at risk Number at risk
Soap & Water123 90 52 33 17 15 Soap & Water 69 37 28 20 14 10
Chlorhexidine118 80 46 29 17 13 Chlorhexidine 60 36 28 16 9 8

C) Incisional surgical site infections D) Primary bloodstream infections
0.4 0.4
0.3 0.3
0.2 0.2+
0.1 e : 0.1
OO | ==="7 = 00 B W pmmm——_—_—————-
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Days at Risk Days at Risk
Number at risk Number at risk

Soap & Water 67 52 37 29 18 17 Soap & Water139 111 73 53 34 32
Chlorhexidine 86 67 42 30 19 13 Chlorhexidine139 106 72 54 38 26

‘ --------- (Soap & Water) (Chlorhexidine) ‘

Footnote: Soap and water is depicted with a dotted line and chlorhexidine is depicted
with a solid line. The y-intercept (Days at risk = 0) represents 48 hours after
randomization, which is the earliest time where an incident infection could be detected.

Compared with soap and water, the risk for acquiring individual HAl was as follows: A)
CAUTI HR=0.55 (95% CI 0.22 to 1.37, P=0.20), B) VAP HR=0.67 (95% CI 0.28 to 1.63,
P=0.38), C) incisional SSI HR=0.50 (95% CI 0.12 to 2.02, P=0.33), and D) primary BSI

HR=0.0 (95% CI 0 to upper bound unknown, P=1.0).
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