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BACKGROUND: Improving oral health in patients with acutely dysphagic stroke is a plausible approach to prevent pneumonia.
We aimed to determine whether a phase 3, definitive trial of oral health care (OHC) treatments, supported by staff education
and training, is feasible in stroke unit care.

METHODS: The CHOSEN (Chlorhexidine or Toothpaste, Manual or Powered Brushing to prevent Pneumonia Complicating
Stroke) trial was conducted and reported in line with the Consolidated Standards of Reporting Trials 2010 statement extended
to feasibility trials. We aimed to recruit 120 participants with acute stroke and dysphagia within 24 hours of admission, from 4
stroke units in the northwest of England, randomized (1:1:1:1) to 1 of 4 OHC treatments: manual toothbrush or powered tooth-
brush with either nonfoaming toothpaste or chlorhexidine 1% gel. Stroke unit nursing staff received standardized education
and training. Feasibility was assessed using a priori criteria.

RESULTS: Between January 2022 and end of January 2023, 626 patients were screened. A total of 101 participants (median
age, 73 [interquartile range, 62—-80] years; median National Institutes of Health Stroke Scale score, 10 [interquartile range,
5-18]; 44% women) were enrolled (77% of eligible patients approached). Adherence was 91%, with no substantial difference
between the OHC treatments, and 88% completed follow-up. There were 19 serious adverse events but no marked differ-
ences between allocated OHC treatments. In exploratory secondary analyses, again there were no substantial differences
in survival, incident pneumonia, modified Rankin Scale score, or quality of life at 3months between the OHC treatment
allocations.

CONCLUSIONS: OHC treatments incorporating chlorhexidine and powered brushing and supported by standardized staff train-
ing appeared feasible and safe in patients with acutely dysphagic stroke. Progression criteria were met for a definitive trial of
efficacy and cost effectiveness.

REGISTRATION: URL: https://doi.org/10.1186/ISRCTN52421361; Unique identifier: ISRCTN52421361
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stroke, occurring most often in the first 7 days after poor functional outcome in survivors,' as well as health

Pneumonia is the most common complication of mortality rate, length of hospital stay, and likelihood of a
onset. It independently increases the inpatient care costs and risk of recurrent stroke.?2 Treatment of
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CLINICAL PERSPECTIVE

What Is New?

e Improving oral health in patients with acutely
dysphagic stroke is a plausible approach to pre-
vent pneumonia and improve clinical outcomes
but is challenging and lacks evidence from ran-
domized trials.

e Our multicenter, randomized feasibility trial
showed that oral health care treatments with
chlorhexidine or nonfoaming toothpaste and
powered or manual brushing, supported by
staff training, were safe and well-tolerated,
meeting all a priori feasibility criteria.

What Are the Clinical Implications?

e Definitive, large-scale, multicenter, randomized
trials of oral health care interventions for patients
with dysphagic stroke with appropriate clinical
and health economic outcomes are warranted.

Nonstandard Abbreviations and Acronyms

CHOSEN Chlorhexidine or Toothpaste, Manual or
Powered Brushing to Prevent
Pneumonia Complicating Stroke

GOHAI  General Oral Health Assessment Index
mRS modified Rankin Scale

OHC oral health care

SSNAP  Sentinel Stroke National Audit Program

poststroke pneumonia consumes considerable antibi-
otics, and there are currently limited preventive strate-
gies. A recent registry study estimated that prevention
of pneumonia in severe stroke could reduce the mor-
tality rate by 43%, highlighting the substantial unmet
need.*

Risk factors for poststroke pneumonia such as in-
creased stroke severity, dysphagia, and advanced age,
are well recognized.® In acute stroke, poor oral health
is linked to the risk of developing poststroke pneumo-
nia resulting from aspiration of oral biofilm, and may
also contribute to poor nutrition, dehydration, pain, and
decreased quality of life.® Poor oral health status and
serum immunoglobulin G titers to periodontal patho-
gens were also associated with worse functional out-
come in patients with acute stroke.”® Targeting poor
oral health in patients with acute dysphagic stroke is
therefore a biologically plausible approach to prevent
pneumonia if effective cleaning of the mouth and den-
tures can be achieved.

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677
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People with a stroke have a higher prevalence of
poor oral health, including gingivitis, periodontal dis-
ease, dental caries, xerostomia, tooth loss, and use of
dentures, compared with people without a previous
stroke.®'° Provision of oral health care (OHC) is a prior-
ity for stroke survivors and their carers and for staff, yet
it is a neglected aspect of stroke unit care, with a pau-
city of evidence informing staff training, assessment,
and delivery.2

In self-caring adults, powered brushing and use of
chlorhexidine reduces measures of dental plaque and
gingivitis, compared with manual brushing with tooth-
paste.'3'* OHC interventions using manual or powered
brushing can reduce dental plaque within 1 week com-
pared with baseline,'®'® which is biologically relevant,
as the majority of pneumonia occurs within 7 days of
stroke onset. The microorganisms associated with
poststroke pneumonia overlap with those associated
with ventilator-associated pneumonia and hospital-
acquired pneumonia.” A Cochrane review identified
that using chlorhexidine as part of OHC prevented
ventilator-associated pneumonia on the intensive care
unit, but there were insufficient data to conclude on the
role of powered versus manual brushing.'® It is uncer-
tain how this evidence applies to nonventilated patients
in the stroke unit setting, where diverse neurological
impairments, complex swallowing problems, high
prevalence of oral disease, and requirement for assis-
tance from staff or carers pose unique challenges.

A previous interrupted time series study reported
that implementation of an OHC intervention compris-
ing oral antiseptics and suction brushes with staff train-
ing significantly reduced the frequency of poststroke
pneumonia.'® However, a Cochrane review of random-
ized trials of OHC interventions in stroke care found
no evidence of improvement in gingival or periodontal
disease and no evidence for prevention of pneumo-
nia.?® This included trials comparing enhanced OHC
with standard or conventional care. The review also
did not find any evidence for OHC interventions im-
proving patient satisfaction and quality of life. However,
the included studies were few in number, small scale,
generally of low quality, and focused on the stroke re-
habilitation setting rather than patients at higher risk of
pneumonia in the acute phase.

Side effects of chlorhexidine (eg, hypersensitivity
reactions and staining of the teeth and gums) are well
recognized. The effects of chlorhexidine on the oral
biofilm in people with acute illness are not well under-
stood. Use of powered brushing on a large scale in
hospitals is potentially expensive, and the effects of en-
hanced mechanical disruption of oral biofilm in terms
of aspiration risk are not known. It therefore remains
unclear whether chlorhexidine and powered brushing
are feasible, safe, acceptable, and well tolerated in
acutely unwell patients with dysphagic stroke or if they



G20z ‘2T Jequieides uo Aq Bio'sfeulnofeye//:dny wouy papeojumoq

Smith et al

confer any benefit over and above manual brushes
and toothpaste (regarded as standard care). The aim of
this study was therefore to determine whether a phase
3, definitive, randomized controlled trial of OHC inter-
ventions to prevent poststroke pneumonia, supported
by nursing staff education and training, is feasible in
UK stroke unit care. Here, we present the findings from
the main feasibility trial. The findings from the process
evaluation will be reported separately.

METHODS

Data Availability

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Design and Setting

CHOSEN (Chlorhexidine or Toothpaste, Manual or
Powered Brushing to Prevent Pneumonia Complicating
Stroke) was a randomized, controlled, feasibility trial in
hospitalized patients with dysphagic acute stroke, with
a theoretically informed embedded process evalu-
ation. Regulatory approvals were obtained from the
Integrated Research Application System (ID: 270544),
the Health Research Authority and Health and Care
Research Wales Research Ethics Committee (21/
YH/0014), and the Northern Care Alliance National
Health Service Trust. The trial was undertaken in 4 par-
ticipating stroke services in the northwest of England,
each providing assessment and management of hy-
peracute and acute stroke plus stroke rehabilitation.
The sites were selected on the basis of varying ser-
vice provision, volume of patients admitted, staffing
numbers, bed numbers, and incidence of poststroke
pneumonia (Table S1). The trial was conducted and
reported in line with the Consolidated Standards of
Reporting Trials 2010 statement extended to feasibility
trials.?!

Participants

Eligible participants were aged at least 18years, within
24 hours of admission to the stroke unit with acute is-
chemic or hemorrhagic stroke, dysphagic (bedside
swallow assessment or speech and language therapy
assessment), and with at least 1 natural tooth. Patients
planned for repatriation to a nonparticipating site, for
imminent mechanical ventilation or palliative care, tak-
ing antibiotics at the point of screening, or with a known
allergy to chlorhexidine were excluded. Potential par-
ticipants were screened by trained research practi-
tioners, and informed consent was obtained from all
participants. Where all other inclusion criteria were
met, potential participants with aphasia were given the

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677
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opportunity to participate in the trial. Aphasia-friendly
participant information sheets and consent forms were
developed in collaboration with our Patient and Public
Involvement partners (and were inclusive of people
with aphasia) to facilitate this process. For people with
severe (global) aphasia and potential cognitive involve-
ment (or for potential participants who lacked capacity),
and where our adapted materials and communicative
approaches were insufficient to ensure that the poten-
tial participant understood the project, then consent
was sought from a personal consultee if available or a
professional consultee (a senior clinician independent
of the study).

Intervention

Participants were randomized (1:1:1:1) to 1 of 4 OHC
treatments: chlorhexidine 1% gel and manual tooth-
brush treatment, chlorhexidine 1% gel and powered
toothbrush treatment, nonfoaming toothpaste and
manual toothbrush treatment, or nonfoaming tooth-
paste and powered toothbrush treatment. The allo-
cated OHC treatment was administered, or self-care
was supervised, by stroke unit health care assistants
or registered nurses. For each OHC treatment, brush-
ing was for up to 2minutes (30 seconds for each of the
4 mouth quadrants) twice daily, with the participant in
an upright position, with bedside suction at the discre-
tion of the attending staff. To facilitate evaluation of fi-
delity and tolerability, the allocated OHC treatment was
prescribed on the participant’s drug chart and ward
staff instructed to record whether it was received and,
if not, what the reasons were.

As part of the implementation strategy, the drug
charts were reviewed every 2 weeks during the first
2 months of the intervention period to evaluate fidelity
to the allocated OHC treatment for each patient. If
the intervention was not being implemented as per
protocol, the need for further training was reviewed.
Cleaning of dentures was standardized for all par-
ticipants regardless of OHC treatment allocation.
Dentures were scrubbed with liquid soap at least
once daily and soaked in clean water overnight.
Participants were encouraged to wear dentures
during the day but especially at mealtimes where
appropriate.

Participants received the allocated OHC treatment
until discharge from inpatient stroke services or until
3 months after enrollment, if remaining an inpatient
within the participating stroke service. Discontinuation
of allocated OHC treatment was permitted without for-
mally withdrawing from the trial. Crossover of allocated
OHC treatment was also permitted at the request of
the participant or at the discretion of the local clinical
team. In such cases, the participant continued in the
trial on an “intention to treat” basis.
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OHC education and training was provided for
stroke unit nursing staff and health care assistants at
the participating sites to support delivery of the trial
OHC treatments. The OHC education and training was
developed and implemented in a previous single-site
study at Salford Royal Hospital.?? In brief, we modified
our existing 1-hour online resource comprising core
learning modules, self-assessment questions, and
video demonstrations, in collaboration with Mouthcare
Matters  (http:/mouthcarematters.hee.nhs.uk/index.
html), a national initiative of OHC education and train-
ing including hospitalized adult patients. The OHC
education and training included background informa-
tion on OHC and stroke; an overview of the CHOSEN
trial; the role of nursing staff and health care assistants
and the role of the “OHC champions” in the trial; the
OHC treatments used in the trial and how to imple-
ment them. Nursing staff and health care assistants
accessed the training and education online using an
individual password-protected platform that recorded
successful completion. In addition, after commencing
the trial, an abridged laminated paper version of the
training and education (CHOSEN lite) was available for
quick reference on the participating stroke units in re-
sponse to initial feedback from the sites.

At least three staff from each site (designated OHC
champions) also received additional education and
training by a dental hygiene therapist (F.S.) to facilitate
and cascade hands-on training and competency as-
sessments in their units, thus supporting fidelity to the
OHC treatments. Implementation of the education and
training at the participating sites was facilitated by the
study dental therapist, local Mouthcare Matters teams,
research teams, and the stroke unit ward managers.

Randomization and Blinding

Randomization was undertaken using an online
encrypted platform delivered by the North Wales
Organization for Randomized Trials in Health Clinical
Trials Unit, stratified by site, stroke severity (National
Institutes of Health Stroke Scale score <13 versus >13)
and age (<75 versus >75years). Blinding of the partici-
pants and research staff (including the trial manager)
was not possible; hence, only the trial statistician was
blinded to the treatment allocation.

Baseline Data Collection

Baseline clinical and stroke characteristics (age, sex,
stroke subtype, National Institutes of Health Stroke
Scale score, hyperacute treatment, vascular risk
factors, medications, prestroke disability using the
modified Rankin Scale [mRS]), interval from admis-
sion to randomization, the Holistic and Reliable Oral
Assessment Tool,?® number of natural teeth, denture
status, aphasia format oral health-related quality of

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677
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life using the General Oral Health Assessment Index
(GOHAI,?* and nutrition status were collected.

Outcome Measures and Data Collection
The a priori feasibility outcome measures were as
follows:

Recruitment of sites and setup, recruitment of
participants (including reasons for nonparticipation),
adherence to allocated OHC treatment (including rea-
sons for nondelivery and need for further training), tol-
erability and safety of the OHC treatments, retention
of recruited participants, and appropriateness and col-
lection of the clinical outcome measures.

Days 7 to 10 from randomization: The Holistic and
Reliable Oral Assessment Tool, aphasia format GOHAI,
swallow and nutrition status, incident pneumonia (an-
tibiotic initiation, and clinician-diagnosed pneumonia
episodes), number of antibiotic doses, serious adverse
events (SAEs) and adverse events.

Weekly to discharge from inpatient stroke services:
swallow and nutrition status, incident pneumonia,
SAEs, and adverse events.

Discharge from inpatient stroke services: number
and percentage of total prescribed doses of allocation
OHCGC, tolerability (reasons for participant noncompli-
ance), GOHAI, quality of life (aphasia format EuroQolL-
5D-5L), mRS, length of stay, discharge destination,
incident pneumonia, number of antibiotic doses, ad-
verse events, and SAEs.

Three months from randomization: survival, mRS,
postdischarge mouth care.

Feasibility outcome measures were assessed on
a Stop/Review/Go basis (Table 1). Assessment and
interpretation of these outcomes also incorporated
qualitative information from the parallel process evalu-
ation, which included exploring the acceptability of the
intervention to participants and their carers, attitudes
of staff to the OHC treatments and training, and the
facilitators/barriers to delivery, to provide an overall
feasibility framework (reported separately).

Sample Size

We proposed a sample size of 120 participants for the
main feasibility trial. From preceding national regis-
try (Sentinel Stroke National Audit Program [SSNAP))
data, 45% of patients were dysphagic on the basis
of admission bedside swallow assessment and post-
stroke pneumonia occurred in 16% of these within the
first week of admission, and the median length of stay
for patients with dysphagia was 13days compared
with 5days in those without dysphagia. We anticipated
that 60% of the participants would complete the re-
quired period of intervention. A sample of 120 par-
ticipating patients would achieve a 95% CI of 51% to
69% around our expected value of 60% completion,
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Table 1. A Priori Feasibility and Progression Criteria

Feasibility criterion Go Review Stop
Recruitment and setup of >3 sites 2 sites 1 site
sites within time allocated

Implementation of staff >3 sites 2 sites 1 site
education and training within

time allocated

Recruitment of participating >85 42-84 <42
patients (of total sample

size), %

Retention of achieved >60 40-59 <40
consented participants, %

Adherence to allocated oral >90 70-89 <70
health care treatment, %

Collection of each outcomes >80 65-79 <65
data at a time point,* %

*This criterion would reflect the potential outcomes for exclusion at full trial
stage rather than nonprogression.

providing acceptable precision to inform progression
to a phase 3 trial. Using SSNAP data to inform recruit-
ment feasibility, in 2018, 9946 patients with confirmed
acute stroke were admitted to stroke units in the north-
west of England. Allowing for an estimated 20% of pa-
tients with stroke having no natural teeth, we estimated
that 4 sites collectively recruiting 2 to 3 patients/wk
would achieve the recruitment target in 12 months.

Statistical Analysis

The primary analysis centered on the feasibility out-
comes defined earlier. The focus of results for clinical
outcomes was based on estimates of treatment effects
rather than statistical significance and, as such, no hy-
pothesis testing was undertaken. Differences between

Oral Health Care in Acute Dysphagic Stroke

the main factors are presented as mean differences or
odds ratios with associated 95% Cls. The proportion
of participants unable to receive the allocated OHC
treatments on >1 occasions were summarized using
descriptive statistics to identify potential barriers to im-
plementation. One author (C.J.S.) had full access to all
the data in the study and takes responsibility for its
integrity and the data analysis.

RESULTS

Site Setup, Screening, and Recruitment

Setup and delivery of the trial was affected by the
first Omicron COVID-19 wave, which led to delayed
admissions to the stroke unit, staff sickness, and re-
deployment. Starting in September 2021, all 4 sites
were successfully set up with sufficient numbers
of staff trained within a 4-month period. Between
January 2022 and end of January 2023, 626 patients
were screened across the 4 sites (Figure 1). Of those
screened, 148 (23%) were eligible. Reasons for ineli-
gibility (potentially >1) included out of time window or
research team nonavailability (n=257), receiving an-
tibiotics on admission (n=77), deemed too unwell or
palliative (n=60), edentulous (h=36), no available con-
sultee for consent (n=43), active COVID-19 (n=8), and
other (n=12). Of the 132 eligible patients approached,
101 (77%) were enrolled. Characteristics of the partici-
pating patients are shown in Table 2. The median age
was 73 [interquartile range [IQR], 62—-80] years, 44%
were women, and median National Institutes of Health
Stroke Scale score on admission was 10 (IQR, 5-18).
Median interval from stroke onset (or time last seen

[ Screened n=626 ]

]

Ineligible n=478 )
Eligible declined n=31
[ Consented n=101 ] Eligible not recruited n=16 )

Randomized n=101

CH-MAN CH-POW TP-MAN TP-POW
n=25 n=24 n=26 n=26

Withdrawn n=4
CH-MAN n=0
CH-POW n=2

Day 7-10 follow-up n=97

TP-MAN n=2
TP-POW n=0

n=25

.

CH-MAN CH-POW TP-MAN TP-POW
n=22 n=24 n=26

J

Withdrawn n=8 or lost to
follow-up

3-mo follow-up n=89

CH-MAN n=3
CH-POW n=1

CH-MAN CH-POW TP-MAN TP-POW
n=22 n=21 n=22 n=24

TP-MAN n=2
TP-POW n=2

Figure 1. Study Consolidated Standards of Reporting Trials

flow diagram.

CH-MAN indicates chlorhexidine with manual brushing; CH-
POW, chlorhexidine with powered brushing; TP-MAN, nonfoaming
toothpaste with manual brushing; and TP-POW, nonfoaming

toothpaste with powered brushing.

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677
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Table 2. Baseline Characteristics at Study Enroliment by Treatment Allocation

Oral Health Care in Acute Dysphagic Stroke

CH-MAN CH-POW TP-MAN TP-POW Overall

Age* (y) 71(61-83) 74 (63.5-83) 69.5 (61.3-79.8) 74 (69.3-78.8) 73 (62-80)
Female sex 11 (44%) 12 (50%) 8 (31%) 13 (60%) 44 (44%)
Stroke subtype

Ischemic stroke 24 (96%) 19 (79%) 19 (73%) 18 (69%) 80 (79%)

ICH 1(4%) 5 (21%) 7 (27%) 8 (31%) 21 (21%)
NIHSS score* 9 (6-17) 11.5 (7.3-19) 10.5 (4.3-17.8) 9 (6-18) 10 (5-18)
Number of natural teeth* 17 (11-24) 15.5 (11.5-20) 18 (16-20) 18 (9-24) 18 (11.5-20)
Dentures 8 (32%) 3 (12%) 10 (38%) 7 (27%) 28 (28%)
THROAT score* 3 (1-6) 3(2-5.5) 2 (1.25-4.5) 3 (2-6) 3(2-5.3)
GOHAI score* 30.5 (28.5-34.3) 31 (28-34) 32 (29.3-33.8) 26.3 (23.3-29.3) 31 (29-34)
BMI (kg/m?)* 23.6 (22.3-28.4) 28.3 (23.6-31.7) 27.2 (23.7-31.9) 26.3 (23.3-29.3) 26.4 (22.6-31.1)
Pre-stroke mRS

0 13 (52%) 9 (38%) 12 (46%) 11 (42%) 45 (45%)

1 5 (20%) 5 (21%) 5 (19%) 6 (23%) 21 (21%)

2 0 (0%) 0 (0%) 1(4%) 5 (19%) 6 (6%)

3 5 (20%) 5 (21%) 4 (15%) 3 (12%) 17 (17%)

4 2 (8%) 4 (17%) 2 (8%) 1(4%) 9 (9%)

5 0 (0%) 0 (0%) 2 (8%) 0 (0%) 2 (2%)
Previous stroke

Yes 4 (16%) 6 (25%) 8 (31%) 4 (15%) 22 (22%)

No 21 (84%) 18 (75%) 18 (69%) 22 (85%) 79 (78%)
Hypertension

Yes 13 (52%) 13 (54%) 16 (62%) 18 (69%) 60 (59%)

No 12 (48%) 11 (46%) 10 (38%) 8 (31%) 41 (41%)
Atrial fibrillation

Yes 6 (24%) 3 (12%) 7 (27%) 4 (15%) 20 (20%)

No 19 (76%) 21 (88%) 19 (73%) 22 (85%) 81 (80%)
Coronary artery disease

Yes 2 (8%) 2 (8%) 2 (8%) 1(4%) 7 (7%)

No 23 (92%) 22 (92%) 24 (92%) 25 (96%) 94 (93%)
Diabetes

Yes 7 (28%) 7 (29%) 9 (35%) 5 (19%) 28 (28%)

No 18 (72%) 17 (71%) 17 (65%) 21 (81%) 73 (72%)
Dyslipidemia

Yes 4 (16%) 6 (25%) 2 (8%) 6 (23%) 18 (18%)

No 21 (84%) 18 (75%) 24 (92%) 20 (77%) 83 (82%)
PVD

Yes 0 (0%) 1 (4%) 1(4%) 3 (12%) 5 (5%)

No 25 (100%) 23 (96%) 25 (96%) 23 (88%) 96 (95%)
Chronic lung disease

Yes 3 (12%) 2 (8%) 1 (4%) 4 (15%) 10 (10%)

No 22 (88%) 22 (92%) 25 (96%) 22 (85%) 91 (90%)
Smoking status

Current smoker 8 (32%) 5 (21%) 5 (19%) 2 (8%) 20 (20%)

Ex-smoker 4 (16%) 5 (21%) 6 (23%) 4 (15%) 19 (19%)

Never smoker 13 (62%) 14 (58%) 15 (58%) 20 (77%) 62 (61%)

(Continued)
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Table 2. Continued

Oral Health Care in Acute Dysphagic Stroke

CH-MAN CH-POW TP-MAN TP-POW Overall

Antiplatelet therapy

Yes 17 (68%) 13 (54%) 13 (560%) 12 (46%) 55 (54%)

No 8 (32%) 11 (46%) 13 (60%) 14 (54%) 46 (46%)
Anticoagulants

Yes 1 (4%) 1 (4%) 7 (27%) 5 (19%) 14 (14%)

No 24 (96%) 23 (96%) 19 (73%) 21 (81%) 87 (86%)
Thrombolysis

Yes 4 (16%) 5 (21%) 4 (15%) 4 (15%) 17 (17%)

No 21 (84%) 19 (79%) 22 (85%) 22 (85%) 84 (83%)

BMI indicates body mass index; CH-MAN, chlorhexidine with manual brushing; CH-POW, chlorhexidine with powered brushing; GOHAI, General Oral Health
Assessment Index; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; PVD, peripheral vascular
disease; THROAT, The Holistic and Reliable Oral Assessment Tool; TP-MAN, non-foaming toothpaste with manual brushing; and TP-POW, non-foaming

toothpaste with powered brushing.
“Median (interquartile range).

well) to randomization was 23.4 (IQR, 19-26.4) hours
and from admission to the stroke unit to randomiza-
tion was 20.5 (IQR, 15.6-23.2) hours. Overall median
length of stay in hospital stroke services was 16.5 (IQR,
5-41.5) days, with 81% discharged home and 19% dis-
charged to a care home.

Adherence

Overall adherence to the allocated OHC treatment
was 91%, with no substantial difference between al-
locations (chlorhexidine 1% gel and manual toothbrush
treatment, 94%; chlorhexidine 1% gel and powered
toothbrush treatment, 84%; nonfoaming toothpaste
and manual toothbrush treatment, 87%; nonfoaming
toothpaste and powered toothbrush treatment, 80%).
By visit, adherence was 85% at 7 to 10days, 92%
weekly to 3months, and 92% at discharge. The most
frequent reason recorded for nonadherence at all time
points was “patient declined” (62%). Other reasons in-
cluded “patient off ward” (7%), “patient asleep” (1%),
“too unwell” (2%), “clinical team requested omission”
(2%), “equipment not available” (9%), and “other—un-
classified” (17%). A small number of participants chose
to switch to an alternative OHC regimen from that origi-
nally allocated. This occurred in only 5% of the total
number of prescriptions and did not differ markedly
between treatment allocations.

Safety

There were 19 SAEs in 16 participating patients, com-
prising pneumonia/sepsis (n=5), other infection or sep-
sis (n=4), venous thromboembolism (n=2), seizure (n=1),
massive intracranial hemorrhage (n=1), hydrocephalus
(n=1), recurrent severe stroke (n=1), other deteriora-
tion with palliative care (n=2), cardiac arrest (n=1), and
syncope (n=1). No SAEs were deemed attributable to
the allocated OHC treatments. There were no allergic

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677

reactions or instances of tooth staining associated with
chlorhexidine. There were no substantial differences in
numbers of SAEs between treatment allocations (chlo-
rhexidine 1% gel and manual toothbrush treatment,
n=3; chlorhexidine 1% gel and powered toothbrush
treatment, n=7; nonfoaming toothpaste and manual
toothbrush treatment, n=3; nonfoaming toothpaste
and powered toothbrush treatment, n=6) or between
the participating sites.

Retention of Participants

Eleven randomized participants withdrew or were with-
drawn from the trial, and 1 was lost to follow-up, with
89 completing 3-month follow-up (Figure 1). Of the 11
withdrawals, 3 were by the supervising medical team
and the remaining 8 by the participants (or their con-
sultee) with no specific reason given. There was no
marked difference in withdrawals between allocation
groups (chlorhexidine 1% gel and manual toothbrush
treatment, n=2; chlorhexidine 1% gel and powered
toothbrush treatment, n=3; nonfoaming toothpaste
and manual toothbrush treatment, n=4; nonfoaming
toothpaste and powered toothbrush treatment, n=2).

Exploratory Clinical Outcome Measures

Feasibility of collecting the exploratory secondary
outcome measures is shown in Table 3. Collection of
the mRS was >80% at all visits, although collection of
The Holistic and Reliable Oral Assessment Tool and
GOHAI was <80% at the discharge visit. Collection of
EuroQol-5D-5L was in the review range (Table 1) at
both the discharge and 3-month visits. In these ex-
ploratory analyses, there were no marked differences
in MRS distribution by allocation for discharge and 3
months (Figure 2, Table 4), occurrence of pneumonia
by days 7 to 10 and discharge by allocation (Figure 3,
Table 4), or survival between any of the 4 allocated
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Table 3. Collection of the Secondary Outcome Measures by Visit

mRS 99 N/A 92 100 88 95
THROAT 99 83 76 N/A N/A 86
GOHAI 96 81 79 N/A N/A 85
EuroQol-5D-5L N/A N/A 75 75 N/A 75
EuroQoL-5D-5L-VAS N/A N/A 14l 75 N/A 73

GOHAI indicates General Oral Health Assessment Index; mRS, modified Rankin Scale; N/A, not applicable; and THROAT, The Holistic and Reliable Oral

Assessment Tool.

OHC treatment groups (Figure 4, Table 4). Distribution
of The Holistic and Reliable Oral Assessment Tool,
GOHAI, and aphasia format EuroQol-5D-5L scores
did not substantially differ by OHC treatment allocation
(Table 4 and Figures S1-S3).

DISCUSSION

OHC is a neglected area of stroke unit care, with 1
study suggesting that at least 40% of patients had no
documented oral care.?® We evaluated the feasibility
of OHC treatments supported by standardized staff
training in patients with stroke at increased risk of de-
veloping poststroke pneumonia. The OHC treatments
appeared well tolerated, and there were no safety con-
cerns. Overall, our quantitative feasibility criteria were
met when considering the impact of COVID-19 on trial
delivery, justifying completion of the trial and support-
ing progression to a definitive efficacy trial with health
economic evaluation.

We selected patients at relatively high risk of devel-
oping poststroke pneumonia, with all enrolled partic-
ipants having oropharyngeal dysphagia and at least
moderate-severity stroke. However, the observed
frequency of pneumonia at days 7 to 10 (2.1%) was
lower than might be expected from randomized tri-
als of preventive antibiotics in patients with dyspha-
gia (11%)?° or from real-world UK registry data (8.6%)
available in SSNAP for the duration of our trial. This
was despite using clinician-diagnosed pneumonia,
which may overestimate frequency compared with
adjudicated algorithm-based diagnosis.?® However,
as we did not include a usual-care OHC arm, we
were unable to directly compare with the frequency of
poststroke pneumonia in participants receiving usual
care. As usual care is heterogeneous between stroke
units, in terms of both staff education and training and
provision of equipment,?®2” a usual-care arm is an im-
portant consideration for design of a future phase 3
trial, which would necessitate a cluster-randomized
design.

A mRS at Discharge

3
A

onbswNn=20 O

CH-MAN

EEEEIOOO

CH-POW

TP-MAN

TP-POW

B mRS at 3 mo

CH-MAN

IIIII:IDEI;Bu
onbswNn =0 O

CH-POW

TP-MAN

TP-POW

0 20 40 60 80 100

Figure 2. Stacked bar chart showing distribution of mRS scores by treatment allocation at (A) discharge, and (B) 3months.
CH-MAN indicates chlorhexidine with manual brushing; CH-POW, chlorhexidine with powered brushing; mRS, modified Rankin
Scale; TP-MAN, nonfoaming toothpaste with manual brushing; and TP-POW, nonfoaming toothpaste with powered brushing.
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Table 4. Effect Sizes and Cls for the Exploratory Outcome Measures

Effect size

Estimate* CH-MAN CH-POW TP-POW
Pneumonia before visit 2 (0 to 1) Odds ratio 1.30 0 0

95% Cl (0.05 to 40.5) NA NA
Pneumonia before visit 3 (0 to 1) Odds ratio 3.33 2.83 0

95% Cl (0.35 to0 46.64) (0.23 10 44.14) N/A
Pneumonia before visit 4 (0 to 1) Odds ratio 414 2.03 0.71

95% Cl (0.50 to 50.30) (0.16 to 28.31) (0.05 to 8.96)
Survival at 3mo (0 to 1) Odds ratio 0.84 0.37 3.37

95% Cl (012 t0 5.75) (0.05 to 8.96) (0.33 to 77.59)
EuroQol-5D-5L index at visit 4 or | Mean difference 0.06 -0.09 0.01
visit 4a (-0.224 to 1) 95% Cl (-0.10to 0.21) (-0.25 to 0.06) (-0.14t0 0.17)
EuroQoL-5D-5L VAS at visit 4 or Mean Difference -1.47 -13.91 1.58
visit 4a (0 to 100) 95% Cl (-22.16 t0 7.23) (-28.94 to 1.11) (<1317 t0 16.23)
mRS at 3mo (0 to 6) Odds ratio 1.43 2.44 2.01

95% Cl (0.4810 4.23) (0.78 to 7.68) (0.66 to 6.09)
mRS at discharge (0 to 6) Odds ratio 1.49 2.05 2.20

95% Cl (0.50 to 4.46) (0.63 to0 6.60) (0.71t0 6.78)
GOHAI visit 2 (12 to 36) Mean difference -1.30 -0.77 -0.91

95% Cl (-2.8310 0.24) (-2.331t0 0.79) (-2.46 t0 0.65)
GOHAI visit 4 (12 to 36) Mean difference 111 -0.81 -1.25

95% Cl (-2.62 t0 0.39) (-2.35t0 0.73) (-2.81 10 0.30)
THROAT Visit 2 (0 to 24) Mean difference -0.18 -0.25 -0.89

95% Cl (-1.24 10 0.87) (-1.32t0 0.81) (-1.98 to 0.20)
THROAT visit 4 (0 to 24) Mean difference 0.00 0.41 -0.62

95% Cl (-1.02 to 1.01) (-0.62 to 1.45) (-1.69-0.45)

Visit 2, 7-10 d after randomization follow-up; visit 3, weekly follow-ups for 3mo; visit 4, discharge; visit 4a, inpatient at 3mo. CH-MAN indicates chlorhexidine
with manual brushing; CH-POW, chlorhexidine with powered brushing; GOHAI, General Oral Health Assessment Index; mRS, modified Rankin Scale; THROAT,
The Holistic and Reliable Oral Assessment Tool; TP-POW, nonfoaming toothpaste with powered brushing; and VAS, visual analog scale.

*The reference level group for the effect sizes estimate is nonfoaming toothpaste with manual brushing (TP-MAN), since it is considered to be the group that

is closest to usual care.

We adapted an existing OHC training and education
resource,?? which was developed by a multidisciplinary
team comprising nursing, dental, and medical profes-
sionals. The training was designed to be completed on-
line with a minimal face-to-face component to facilitate
implementation within nursing practice. Following feed-
back after initial implementation of the online education
and training resource, we introduced an abridged, lam-
inated version of the resource (CHOSEN lite). This was
easily available on the stroke units and increased up-
take and completion, particularly when considering the
challenges posed by the COVID-19 pandemic. Further
details of the implementation process will be reported
elsewhere with the process evaluation.

We collected a number of secondary outcome mea-
sures, in line with recommendations for complex inter-
ventions.?® Data collection at discharge was less feasible
than the other time points, which may be due to dis-
charges occurring out of hours or with limited warning.
The EuroQol-5D-5L was collected less frequently than
other secondary outcome measures (eg, mRS). This will

J Am Heart Assoc. 2025;14:e040677. DOI: 10.1161/JAHA.124.040677

be explored further in the parallel process evaluation but
as a key component of health economics analyses may
require further piloting before a phase 3 trial.

We observed no notable differences in any of the
secondary outcome measures between the allocated
OHC treatments. While these were exploratory sec-
ondary analyses and should be interpreted with cau-
tion, this has potential implications for a future trial
design that aims to compare efficacy between the 4
OHC treatments. Our results do not support dropping
any of the 4 allocations on the basis of adherence,
fidelity, or safety and will be informed further by the
results of the parallel process evaluation in terms of tol-
erability and acceptability to both participating patients
and stroke unit staff.

Strengths and Limitations

Our study has several limitations. We randomized par-
ticipants to initiate their allocated OHC treatment within
24 hours of admission to the stroke unit, which for some
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A Pneumonia before visit 2 (7-10 d after randomization) B Pneumonia before visit 4 (discharge)
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Figure 3. Occurrence of pneumonia by treatment allocation by (A) 7-10days post-randomization, and at (B) discharge from hospital.
Data are percentage with 95% CIl. CH-MAN indicates chlorhexidine with manual brushing; CH-POW, chlorhexidine with powered
brushing; TP-MAN, nonfoaming toothpaste with manual brushing; and TP-POW, nonfoaming toothpaste with powered brushing.
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Figure 4. Survival at 3months by treatment allocation.

Data are percentage with 95% CIl. CH-MAN indicates chlorhexidine with manual brushing;
CH-POW, chlorhexidine with powered brushing; TP-MAN, nonfoaming toothpaste with manual
brushing; and TP-POW, nonfoaming toothpaste with powered brushing.
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patients may have been >24hours after the onset of
stroke symptoms. As the majority of poststroke pneu-
monia manifests clinically (and treatment is initiated)
within the first 72hours,?® our enrollment window may
have been too long to optimally facilitate prevention of
pneumonia. Future studies should consider aiming to
initiate OHC as early as possible after stroke onset,
shifting the focus more into the hyperacute phase,
which could be aligned with early swallow screen-
ing. The trial was conducted in a single region of the
United Kingdom, which is likely to be representative of
UK stroke unit care but may not be generalizable more
widely to other health care settings or models of stroke
unit care. Finally, we did not include completely eden-
tulous patients, which was primarily because the OHC
treatments were brushing based. We acknowledge that
edentulous patients (with or without dentures) may still
have poor oral health status and be at risk of pneumo-
nia and should be considered in future trials of OHC.

CONCLUSIONS

Randomized OHC treatments incorporating chlorhex-
idine and powered brushing, supported by standard-
ized staff training, were feasible in patients with acutely
dysphagic stroke. When accounting for the impact of
COVID-19 on the trial delivery, the quantitative progres-
sion criteria were met for a definitive efficacy trial with
health economic evaluation. Data from the parallel pro-
cess evaluation will inform future trial design.
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