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Abstract

Purpose: Oral chlorhexidine is used widely for mechanically ventilated patients to prevent pneumonia, but recent

studies show an association with excess mortality. We examined whether de-adoption of chlorhexidine and parallel
implementation of a standardized oral care bundle reduces intensive care unit (ICU) mortality in mechanically venti-
lated patients.

Methods: A stepped wedge cluster-randomized controlled trial with concurrent process evaluation in 6 ICUs in
Toronto, Canada. Clusters were randomized to de-adopt chlorhexidine and implement a standardized oral care bun-
dle at 2-month intervals. The primary outcome was ICU mortality. Secondary outcomes were time to infection-related
ventilator-associated complications (IVACs), oral procedural pain and oral health dysfunction. An exploratory post hoc
analysis examined time to extubation in survivors.

Results: A total of 3260 patients were enrolled; 1560 control, 1700 intervention. ICU mortality for the intervention
and control periods were 399 (23.5%) and 330 (21.2%), respectively (adjusted odds ratio [aOR], 1.13; 95% confidence
interval [Cl] 0.82 to 1.54; P=0.46). Time to IVACs (adjusted hazard ratio [aHR], 1.06; 95% Cl 0.44 to 2.57;, P=0.90), time
to extubation (aHR 1.03; 95% Cl 0.85 to 1.23; P=10.79) (survivors) and oral procedural pain (@OR, 0.62; 95% Cl 0.34 to
1.10; P=0.10) were similar between control and intervention periods. However, oral health dysfunction scores (— 0.96;
95% Cl—1.75t0—0.17; P=0.02) improved in the intervention period.

Conclusion: Among mechanically ventilated ICU patients, no benefit was observed for de-adoption of chlorhexidine
and implementation of an oral care bundle on ICU mortality, IVACs, oral procedural pain, or time to extubation. The
intervention may improve oral health.
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Introduction

In the last two decades, concerns about the association
between ventilator-associated pneumonia (VAP) and
intensive care unit (ICU) mortality led to widespread
adoption of the VAP prevention bundle [1]. This “bun-
dle” consolidates multiple prevention strategies into one
care package that, when systematically implemented,
reduces infection-related ventilator-associated condi-
tions (IVACs), such as VAP [2]. A key element of VAP
bundles is chlorhexidine gluconate oral rinse, which is
used to prevent growth and aspiration of oropharyngeal
bacteria linked to the development of VAP [3]. Inclusion
of chlorhexidine gluconate oral rinse in VAP bundles was
based on meta-analyses reporting a 30—40% decrease in
VAP rates and the belief that VAP was associated with
excess ICU mortality [4]. While, VAP-attributable ICU
mortality is relatively low (1-10%), it is associated with
prolonged ventilation and higher treatment costs, and is
therefore important to address [5, 6].

Cross-sectional surveys demonstrate up to 70% of ICUs
in North America and Europe have adopted daily oral
care with chlorhexidine as a simple, low-cost approach to
VAP prophylaxis. However, new data have prompted re-
evaluation of recommendations for daily oral care using
chlorhexidine. Two independent meta-analyses suggest
chlorhexidine may cause excess mortality in medical-
surgical ICU patients whilst failing to prevent VAP [7, 8].
Other drawbacks include an unexpectedly high rate of
oral lesions in patients exposed to 2% chlorhexidine [9]
and evidence of reduced VAP pathogen susceptibility to
chlorhexidine [10, 11]. These disadvantages may increase
oral procedural pain due to disruption of oral mucosa
integrity and possibly contribute to an increased risk of
mortality through oral-systemic infection with antibiotic-
resistant organisms [12].

When current practice is shown to be ineffective or
harmful, or where potential harms outweigh benefits,
de-adoption, defined as the discontinuation of a medical
practice following its previous adoption, is recommended
[13]. Research shows that routine practices indicated for
de-adoption can persist, despite evidence of limited ben-
efit or potential harm [14]. For example, clinician percep-
tions that chlorhexidine confers significant benefit, may
contribute to concerns about withholding of this treat-
ment and the need for an alternative course of action [15,
16]. Recommended strategies to address this phenom-
enon include a rigorous de-adoption trial that removes
one intervention (i.e., chlorhexidine) whilst advancing
an alternative (i.e., standardized oral care bundle) that
is consistent with ethical and evidence-based practice.
Outcomes of concern (i.e., ICU mortality, IVACs) should
then be measured and reported to stakeholders [17].

Take-home message

Among 3260 critically ill mechanically ventilated patients, we
observed no benefit of de-adoption of chlorhexidine and imple-
mentation of an oral care bundle on ICU mortality, IVACs or time to
extubation. However, the intervention improved oral health status.
Lack of attainment of the predetermined sample size limited our
ability to detect assumed differences in clinical outcomes.

Therefore, we conducted a multi-center stepped wedge
cluster-randomized controlled trial (SW-cRCT) to evalu-
ate whether de-adoption of oral chlorhexidine and imple-
mentation of a standardized oral care bundle reduces
ICU mortality among mechanically ventilated patients in
the ICU. We hypothesized de-adoption of chlorhexidine
prophylaxis and implementation of a standardized oral
care bundle would reduce ICU mortality, IVACs, and oral
procedural pain, while improving oral health status.

Rationale for a SW-cRCT design includes the expressed
desire of participating clusters to de-adopt chlorhexidine,
to facilitate intervention education in smaller groups
(clusters) at pre-defined time-points, avoid contami-
nation between intervention and control groups seen
in parallel randomized controlled trial (RCT) design,
and alleviate ethical concerns about withholding the
intervention.

Methods

A detailed description of our methods has been previ-
ously published [18]. In brief, we conducted a SW-cRCT
recruiting six adult ICUs in five university-affiliated
hospitals over a 14-month period from December 2017
to January 2019. Research ethics board approval was
received from Clinical Trials Ontario (CTO), which pro-
vides provincial ethical review for multi-site research
in qualifying institutions [19]. The need for written
informed consent from patients was waived due to the
nature of the proposed intervention and the intention
among participating ICUs to de-adopt oral chlorhexidine
[20]. As the need for consent was waived, study posters
and letters of information were made available to sur-
rogate decision-makers in the participating units. Trial
registration in ClinicalTrials.gov (NCT03382730) was
submitted on October 19, 2017; posting on December 26,
2017 was delayed due to an extended review process.

Study design

We followed CONSORT cluster trial extension guide-
lines for SW-cRCTs [21]. Each cluster (defined as one
ICU) was randomly allocated to receive the intervention
according to a staggered implementation schedule in
one of six sequential steps occurring at 2-month inter-
vals. All clusters commenced the study with a 2-month
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control (pre-intervention) period in which standard of
care included 0.12% chlorhexidine oral care for IVAC
prevention. Each cluster maintained chlorhexidine oral
care until the month scheduled to de-adopt. Study com-
pletion comprised a 2-month period during which all
clusters had fully de-adopted chlorhexidine and imple-
mented the oral care bundle. Guided by a framework for
process evaluation of complex interventions in cluster-
randomized trials, we conducted a concurrent mixed-
methods process evaluation to assess ICU context,
implementation fidelity, and mechanisms of impact.

Participants

We recruited 6 ICUs contributing patient demographic,
treatment, and outcome data to the Toronto Intensive Care
Observational Registry (iCORE). Participating ICUs were
of variable size (range 14-36 staffed beds), located within
urban university-affiliated hospital settings, were general
medical-surgical and specialty (trauma, oncology, neuro-
logical, cardiovascular) ICUs, and were managed under an
intensivist-led closed ICU model. Nurses managed mechani-
cally ventilated patients with primarily a 1:1 nurse-to-patient
ratio; respiratory therapists (RT) were present in all ICUs at
approximately a 1:8 RT-to-patient ratio. All adult patients
(> 18 years of age) who received invasive mechanical ventila-
tion during the study period were eligible for inclusion.

Randomization and masking, data collection

and interventions

The allocation sequence and secondary outcome data
collection dates were generated by the study statistician
using a computer-generated randomization scheme. ICU
staff in each cluster were given 2 months advance notice
of their scheduled date to cross-over into the interven-
tion period.

Data collection

Dedicated iCORE data collectors prospectively regis-
tered all mechanically ventilated patients admitted to
participating ICUs and abstracted a daily minimum data
set including but not limited to physiological variables,
ventilation parameters, oxygenation, antibiotics, adjunc-
tive therapies, and discharge disposition. In the 2 months
preceding chlorhexidine de-adoption and standardized
oral care bundle introduction at each site, and monthly
thereafter, at randomly selected time-points trained
assessors observed oral care delivery components and
duration, procedural oral pain presence using the Crit-
ical-Care Pain Observation Tool (CPOT) (range 0-8,
score > 2 indicating pain) [22] and oral health dysfunction
using the Beck Oral Assessment Scale (BOAS) (range, 5
[no dysfunction] to 20 [severe dysfunction]) [23].

Control

Daily oral care in the control period included 0.12% topi-
cal oral chlorhexidine rinse applied four times per day
and a unit protocol comprising tooth brushing, oral suc-
tioning, and mouth/lip moisturization individualized to
patient needs.

Intervention

On commencement of the intervention period, we deliv-
ered an integrated knowledge translation (iKT) strategy
including point-of-care education [24] to implement the
evidence-based multicomponent oral care bundle. The
bundle comprised twice daily (morning and evening)
oral assessment and tooth brushing; mouth moisturiza-
tion, lip moisturization with additional secretion removal
every 4 h (Supplement 1; Table 1) [18]. We introduced an
iKT oral care tool kit comprising a one-page study sum-
mary, detailed oral care protocol, template medical order
set, instructional oral care video, and an ICU patient/
family video of testimonials of the importance of the oral
care bundle. Cluster leads and unit champions distrib-
uted the iKT oral care tool kit to frontline ICU nursing
and allied health staff.

On a date specified by the randomization schedule, we
liaised with pharmacists at each site to remove oral chlo-
rhexidine rinse from ICU stock and initiate the medical
order set prescribing the non-chlorhexidine oral care
bundle.

Outcomes and follow-up

The primary outcome was change in ICU mortality
between control and intervention periods. Pre-specified
secondary outcomes included time to IVACs between
control and intervention periods. An IVAC was defined
as a ventilator-associated condition (VAC)—an epi-
sode of worsening oxygenation defined by an increase
in required levels of positive-end expiratory pressure
(PEEP) and/or FiO, for at least 2 calendar days follow-
ing a period of stability or improvement with systemic
inflammatory response elements suggestive of a new
infection—leukocytosis/leukopenia or hypothermia/
hyperthermia plus administration of a new antimicro-
bial agent [25, 26]. Other secondary outcomes were oral
health status dysfunction measured using the BOAS, pro-
cedural oral pain measured using the CPOT, and fidelity
of the intervention measured using an oral care bundle
component checklist. ICU mortality was appraised by
blinded assessors. To ensure BOAS, CPOT and fidel-
ity outcomes were measured objectively and reliably, we
employed assessors independent of unit staff to collect
data. As prior research evaluating chlorhexidine prophy-
laxis has not provided sufficient evidence on the effect on
duration of mechanical ventilation [27], we performed an
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Table 1 Characteristics of patients

Inter-
vention
(n=1700)
n (%)
Patients
Total No. 1560 1700
Age (mean, SD) 60.3 (16.9) 594 (17.6)
Sex (female) 604 (38.7) 644 (37.9)
Operative status
Non-operative 908 (58.2) 1078 (63.4)
Post-operative 650 (41.7) 621 (36.5)
APACHE Il (mean, SD) 239(8) 25.2(7.9)
APACHE Ill diagnostic categories
Respiratory 384 (24.7) 389 (22.9)
Neurologic 273 (17.5) 238 (14)
Vascular/cardiovascular 237 (15.2) 101 (5.9)
Gastrointestinal 185 (11.9) 235(13.8)
Cardiovascular 118 (7.6) 124 (7.3)
Trauma 116 (7.5) 269 (15.8)
Sepsis 105 (6.7) 130 (7.7)
Metabolic 46 (2.9) 33(1.9)
Other medical diseases 39(2.5) 98 (5.8)
Hematologic 16 (1.03) 27 (1.5)
Renal disease 7 (0.4) 8(0.4)
Gynecologic 4(0.3) 17 (1)
Number of comorbidities
0 472 (30.3) 625 (36.8)
1 563 (36.1) 529 (31.1)
>2 525(33.7) 546 (32.1)

SD standard deviation

exploratory post hoc analysis to assess the impact of the
intervention on time to extubation for ICU survivors.

Sample size

Based on a previous meta-analysis, we determined chlo-
rhexidine may increase ICU mortality with an odds ratio
(OR) of 1.25 (95% confidence interval (CI) 1.05 to 1.50).
This corresponds to a risk ratio of 1.18 (95% CI 1.04 to
1.33). A sample of 300 patients per month across 6 clus-
ters, for a total of 4200 patients over a 14-month period,
would provide 80% power to detect an absolute mortal-
ity difference of 5.5% from a baseline rate of 26%, assum-
ing an intra-cluster correlation (ICC) of 0.001. Previous
ICU studies reporting BOAS scores demonstrate a mean
[standard deviation (SD)] of 10 (2) [23]. With 150 patients
in each time period, we would have 80% power to detect
a 2-point minimally important decrease in BOAS score
indicating improved oral health.

Statistical analysis

ICU mortality was analyzed using a generalized linear
mixed model with a binary distribution and logit link
with random intercept to account for clustering of
patients within sites and adjusting secular trends with
time in days from start of the study as linear effect. Due
to the small number of clusters, we adjusted for age,
sex, APACHE 1II predicted mortality, and operative/
non-operative status at ICU admission in our primary
analysis. Number of comorbidities was in our original
model but removed as it was correlated with APACHE
II predicted mortality. Operative/non-operative sta-
tus at ICU admission was added to the model as we
observed differences in patient characteristics between
baseline and intervention groups. Patients meeting
IVAC criteria were included in time to IVAC evalua-
tion, which was analyzed using a Fine-Gray model to
account for competing risk of death with adjusting for
the same covariates as for mortality. In this model, we
used ICU as a fixed effect to account for clustering.
For ICU mortality and IVAC rates, we excluded those
patients exposed to both the control and interven-
tion phases. BOAS was summarized using mean (SD)
and analyzed using a linear mixed model (taking into
account repeated measures per patient) with the treat-
ment phase as an independent variable and adjusting
for age, sex, number of orally placed tubes, and num-
ber of ICU days. BOAS adjustments were based upon
sex differences in oral disease [28], increasing levels
of plaque accumulation during ICU treatment [29],
and greater numbers of oral tubes impeding preven-
tative oral care [30]. Based on prior research demon-
strating procedural pain during routine oral care, we
dichotomized CPOT (<3 and > 3) scores to determine
absence/presence of procedural pain and adjusted the
analysis with the same covariates as the BOAS scores.
A Cox proportional hazards model was used for post
hoc analysis of time to extubation among survivors
adjusting for the same covariates as for IVACs. For ICU
mortality and dichotomized CPOT scores, we report
adjusted odds ratios (aOR), for time to event adjusted
hazard ratios (aHR), and for BOAS score difference in
scores together with 95% confidence intervals (CI) and
the time effect in 30-day increments. Analysis was per-
formed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
and statistical significance was considered if P <0.05.

Role of the funding source

Study funders had no role in the design, conduct, man-
agement and analysis of the data; preparation, review
or approval of the manuscript; and decisions to submit
the manuscript for publication.
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Cluster 6 n=18 n=26 n=31 n=58 n=46 n=75 n=86
Cluster 5 n=73 n=99 n=80 n=91 n=61 n=67 n=8
Cluster 4 n=121 n=152 n=116 n=89 n=122 n=132 n=98
Cluster 3 n=57 n=73 n=87 n=122 n=134 n=128 n=128
Cluster 2 n=76 n=58 n=71 n=72 n=70 n=70 n=40
Cluster 1 n=73 n=62 n=57 n=50 n=70 n=54 n=59
Total n=418 n=470 n=442 n=482 n=503 n=526 n=419
Period Baseline Step 1 Step 2 Step 3 Step 4 Step 5§ Step 6
Dec 1, Jan 29, Apr2, Jun 4, Aug 1, Oct 1, Dec 3,
2017- 2018- 2018- 2018- 2018- 2018- 2018-
Jan 28, April 1, Jun 3, July 31, Sep 30, Dec 2, Jan 31,
2018 2018 2018 2018 2018 2018 2019
Control Phase: Intervention Phase:
Fig. 1 Stepped wedge allocation of patients and hospitals to control and intervention phases according to stepped wedge design

Results

Trial centers and participants

From December 2017 to January 2019, 3260 patients
were enrolled (Fig. 1). Demographic characteristics dif-
fered between groups for diagnostic category, APACHE
II score, and the number of chronic coexisting condi-
tions (Table 1).

Primary and secondary outcomes

The primary analysis of ICU mortality was based on
3246 patients who had complete data. After adjusting
for differences in baseline characteristics, ICU mortal-
ity for the intervention and control periods were 399
(23.5%) and 330 (21.2%), respectively (aOR 1.13; 95%
CI 0.82 to 1.54; P=0.46). The ICC for ICU mortality
after adjusting for covariates was 0.013 and there was
no significant secular time trends (OR 0.98; 95% CI 0.94
to 1.01, P=0.21). A total of 1934 patients met eligibil-
ity for IVAC evaluation. Time to IVACs (aHR 1.06; 95%
CI 0.44 to 2.57; P=0.90) and time to extubation (sur-
vivors only) (aHR 1.03; 95% CI 0.85 to 1.23; P=0.79)
were similar with no secular time trends for either
IVAC (HR 1.05, 95% CI 0.95 to 1.16; P=10.33) or time to
extubation (HR 1.00, 95% CI 0.98 to 1.02). Absence of
oral procedural pain was similar between periods (aOR
1.62; 95% CI1 0.90 to 2.91; P=0.10); however, oral health
dysfunction scores (—0.96; 95% CI—1.75 to—0.17;
P=0.02) improved in the intervention period (Table 2).
For full cohort figures, see Supplement 2.

Intervention fidelity

Among 348 randomly observed oral care encoun-
ters (see Supplement 1; Table 2), we identified 100%
compliance with oral chlorhexidine de-adoption in
the intervention period (61.4% vs. 0%; P<0.0001).

Delivery of 4 out of 5 elements of the oral care bundle
increased in the intervention phase: oral assessment,
12.7% vs. 46.3%, P<0.0001; tooth brushing, 36.7% vs.
72.6%, P<0.0001; oral moisturization, 49.4% vs. 100%,
P<0.0001; and lip moisturization, 48.1% vs. 81.6%,
P<0.0001. No difference was noted for oral suction-
ing (94.3% vs. 89.5%; P=0.11). The mean duration of
oral care per observed encounter was longer in the
intervention period compared to control: 4.47 min vs
3.71 min (P = 0.0086).

Discussion

In this SW-cRCT recruiting 3260 mechanically ven-
tilated patients in six adult ICUs, we observed no
ICU mortality benefit of an intervention comprising
de-adoption of oral chlorhexidine and implementa-
tion of an oral care bundle. Other outcomes including
time to IVACs, time to extubation in ICU survivors,
and oral procedural pain were similar between control
and intervention periods. Oral health scores improved
during the intervention period but at a level below the
minimally clinically important difference for this met-
ric. Monitoring of intervention fidelity demonstrated
successful de-adoption of chlorhexidine (100%) and
increased delivery of 4 out of 5 oral care bundle compo-
nents in > 70% of patients.

Contrary to our a priori hypothesis that de-adoption
would decrease ICU mortality, we found no effect on
mortality between control and intervention periods.
This differs from the conclusions of a previous meta-
analysis by Price and colleagues reporting increased
mortality in patients exposed to daily chlorhexidine
oral care [8]. A potential explanation for no difference
in ICU mortality found in our study is a lower concen-
tration of chlorhexidine used in the participating units
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Table 2 Adjusted primary and secondary trial outcomes

Control, n (%)

ICU mortality group, N 1555
ICU mortality® 330(21.2)
IVAC group, N 947
IVACs® 24 (2.5)
BOAS group, N 154
BOAS mean score (SD) 11.24 (3.2)
BOAS categorized
No dysfunction (5) 8(5.0)
Mild dysfunction (6-10) 50 (32.5)
Moderate dysfunction (11-15) 80 (51.9)
Severe dysfunction (16-20) 16 (10.4)
CPOT group, N 154
CPOT mean score (SD) 2.32(1.9)
CPQOT categorized®
<3 77 (50)
>3 77 (50)
Time to extubation group (survivors), N 1061
Time to extubation, median, days (IQR)® (SD) 2(1-5)

Intervention, n (%) Estimate®?, (95% Cl) P value

1691

399 (23.5)
987

48 (4.8)
182

1047 (3.2)

1.13 (0.82 t0 1.54) 0.46

1.06 (0.44 t0 2.57) 0.90

—0.96 (1.75t0 —0.17) 0.02

6(3.1)
86 (47.2)
78 (42.8)
12(6.5)
184
227(19) 162 (091 t0 2.91) 0.10
106 (57.6)

78 (42.3)

994

2(1-5) 1.03 (0.85 t0 1.23) 0.79

BOAS Beck Oral Health Assessment Score, CPOT Critical-Care Pain Observational Tool, ICU Intensive Care Unit, IQR interquartile range, IVAC infection-related ventilator-

associated, SD standard deviation

2 Odds ratios for ICU mortality and CPOT dichotomized. Hazard ratio for IVAC and beta coefficient (change in average BOAS score in the intervention group vs control)

b Pvalue based on an analysis that adjusts for age, sex, predicted mortality based on APACHE, operative status as well as secular trends and clustering of patients

within ICU

¢ Pvalues based on analysis adjusting for age, sex, admission category and number of tubes as well as the repeated measures per patient

in comparison to previous studies (0.12% versus > 1%)
[3]. Higher concentrations of chlorhexidine are theo-
rized to disrupt oral mucosa integrity, possibly contrib-
uting to an increased risk of bacteria translocating from
the oral cavity to the bloodstream resulting in excess
death [12]. Furthermore, previous trials were designed
to detect differences in VAP, rather than ICU mortality,
which may also explain the lack of an observed effect
on mortality in our study [7]. Our findings are consist-
ent with a recent retrospective observational cohort
study including 8916 ICU patients demonstrating
no increased risk of death in mechanically ventilated
patients receiving chlorhexidine oral care [31].

Our research team completed initial and ongoing
staff engagement in the participating units, which are
part of an Academic Health Sciences Network. These
efforts may have built upon existing network collegiality
to improve stakeholder buy-in for the removal of chlo-
rhexidine and replacement with a standardized oral care
bundle. Implementation of an immediate alternative to
chlorhexidine oral care follows recommendations for de-
adopting ineffective or harmful practices [17]. Our iKT
implementation process comprising bundle education,
audit and feedback, and reminders may have facilitated
an observed increase in the comprehensiveness of oral

care and a decrease in oral health dysfunction scores dur-
ing the intervention period. Regular tooth brushing and
moisture application may inhibit bacterial overgrowth,
inflammation, mouth sores and dental disease associ-
ated with inadequate salivary flow [32]. Similar to other
research in VAP prevention, our intervention required
interdisciplinary team involvement [33] to deploy estab-
lished strategies to improve care delivery including staff
education, surveillance of compliance, and reporting
of performance measures [34]. Hospitals may need to
prioritize oral care education, audit and feedback, and
reminders for similar results.

This trial has several strengths. First, our chlorhex-
idine de-adoption and oral care bundle implementation
intervention comprised a low-cost multi-center research
collaboration involving discrete ICUs with broad case
mix, making our results generalizable. Importantly, the
total research costs for this trial (excluding investigator
costs) were $52,543 US dollars giving a cost per patient
recruited of only US$16. In previous multicentre trials
the costs per patient recruited is quoted as an average
of US$4200 [35]. By leveraging existing infrastructure,
our trial was cost-efficient compared to contemporary
clinical trials. However, further studies of cost effective-
ness are required to study practice based costs for this
intervention. Another strength of our study is its use of
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patient-centered outcomes (e.g., ICU mortality, IVACs,
time to extubation in survivors) from clinical data that
are readily available in existing electronic data systems
[36]. Our process evaluation provides clinicians and pol-
icy-makers with clear information about implementation
strategies, thereby strengthening interpretation, replica-
tion and potentially assuaging uncertainties about the
negative consequences of withholding chlorhexidine [15,
37].

Several limitations must be considered. First, unlike
parallel group individual patient RCTs, a stepped-wedge
cluster design produces a fixed number and duration of
steps, thereby removing any flexibility to add clusters
or lengthen control and intervention periods to recruit
additional participants [38]. Therefore our final sample
size fell short of the participant number anticipated in
our sample size calculations and has insufficient power to
detect a mortality difference. Second, lower than antici-
pated baseline compliance with chlorhexidine and basic
oral care delivery may be due to failure of random oral
care fidelity observation to coincide with prescribed chlo-
rhexidine delivery times or oral care routines. Third, we
observed differences in patient characteristics between
study periods within and between centers as would be
expected in a stepped wedge cluster-randomized trial.
However, we accounted for this by adjusting for center,
time, and baseline characteristics in our analyses,
although unmeasured confounding may still be present
[39]. Fourth, due to the implementation of two interven-
tions, we are unable to separate the effect of chlorhex-
idine de-adoption versus implementation of an oral care
bundle on oral health scores. Finally, we were unable to
blind clinical staff to study allocation due to the nature of
the intervention.

Conclusion

Among mechanically ventilated ICU patients, de-
adoption of chlorhexidine and implementation of an
oral care bundle has no effect on ICU mortality, time
to IVACs, time to extubation in ICU survivors, or oral
procedural pain. Oral health scores improved dur-
ing the intervention period but at a level below the
minimally clinically important difference for this met-
ric. Therefore, it is reasonable for ICUs to focus on
improvements in oral care delivery until further evi-
dence becomes available.
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