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Key Summary points

Aim RCT to evaluate the efficacy of multi-component interventions for prevention of hospital-acquired pneumonia in hos-
pitalized older patients.

Findings The multi-component interventions did not reduce hospital-acquired pneumonia but increased the mean time to
next hospitalisation due to respiratory infection (11.5 months vs. 9.5 months; P = 0.049), and reduced the risk of hospitali-
sation in 1 year (18.6% vs. 34.4%; P =0.049). This was likely due to the increased recognition of oropharyngeal dysphagia
(35.6% vs. 20.3%; P < 0.001) and improved influenza (54.5% vs 17.2%; P < 0.001) and pneumococcal vaccination rates
(52.5% vs. 20.3%; P < 0.001).

Message A multi-component intervention for nosocomial pneumonia may not significantly reduce the incidence of hospital-
acquired pneumonia but significantly increases the frequency of diagnosis of oropharyngeal dysphagia, improves vaccination
rates and can reduce future hospitalisations for respiratory infections in older adults.

Abstract

Aims To evaluate the efficacy of multi-component interventions for prevention of hospital-acquired pneumonia in older
patients hospitalized in geriatric wards.

Methods A randomized, parallel-group, controlled trial was undertaken in patients aged 65 and above who were admitted to
a tertiary hospital geriatric unit from January 1, 2016 to June 30, 2018 for an acute non-respiratory illness. Participants were
randomized by to receive either a multi-component intervention (consisting of reverse Trendelenburg position, dysphagia
screening, oral care and vaccinations), or usual care. The outcome measures were the proportion of patients who developed
hospital-acquired pneumonia during hospitalisation, and mean time from randomization to the next hospitalisation due to
respiratory infections in 1 year.
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Results A total of 123 participants (median age, 85; 43.1% male) were randomized, (n=59) to intervention group and
(n=64) to control group. The multi-component interventions did not significantly reduce the incidence of hospital-acquired
pneumonia but did increase the mean time to next hospitalisation due to respiratory infection (11.5 months vs. 9.5 months;
P=0.049), and reduced the risk of hospitalisation in 1 year (18.6% vs. 34.4%; P=0.049). Implementation of multi-component
interventions increased diagnoses of oropharyngeal dysphagia (35.6% vs. 20.3%; P <0.001) and improved the influenza
(54.5% vs 17.2%; P <0.001) and pneumococcal vaccination rates (52.5% vs. 20.3%; P <0.001).

Conclusions The nosocomial pneumonia multi-component intervention did not significantly reduce the incidence of hospital-
acquired pneumonia during hospitalisation but reduce subsequent hospitalisations for respiratory infections.

Clinical Trial Registration ClinicalTrial.gov, NCT04347395.

Keywords Nosocomial infection - Pneumonia - Older adults - Multi-component interventions - Randomized controlled trial

Introduction

Among all the hospital-acquired infections, nosocomial
pneumonia has the highest incidence and highest mortal-
ity [1-3]. Five to 21 per 1000 hospital admissions develop
hospital-acquired pneumonia, which has an attributable mor-
tality rate of 33-50% [1, 2]. In intensive care units, mul-
ticomponent interventions, consisting of semi-recumbent
positioning at 30°-45°, gastric acid suppression and oral
care, have been shown to effectively reduce the incidence
of ventilator-associated pneumonia [4—7]. Yet it is unclear
if these results can be extrapolated to the older population
in the general geriatric wards. To investigate whether these
interventions may also benefit older adults in the general
geriatric wards, we designed a multi-component intervention
for hospital-acquired pneumonia that aims to mitigate the
risk factors that are more prevalent in older adults.

The older population is more susceptible to hospital-
acquired pneumonia, and suffers from more severe infec-
tions and worse outcomes [8, 9]. Older adults are more
vulnerable due to multiple factors, such as weaker immune
responses and higher risk of oropharyngeal dysphagia as
a result of age-related changes, frailty and other co-mor-
bidities [10—15]. Older adults have poorer oral hygiene and
inadequate oral care during hospitalisation can contribute
towards oral and gastrointestinal colonization by multi-drug
resistant organisms and an increased risk of aspiration pneu-
monia [16-19].

Locally the influenza-associated hospitalisation rate is
16.3% with substantially increased excess hospitalisation
rates in those age 75 years and above [20]. Although guide-
lines recommend routine vaccination of older adults, vac-
cination uptake rates are low, with vaccination rates of only
17% for influenza and 6.1% for pneumococcus among older
adults in Singapore [21-23].

We hypothesized that a multi-component intervention
will reduce the incidence of hospital-acquired pneumo-
nia in older adults, and prevent future hospitalisations for
respiratory infections. The multi-component intervention
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comprised of four components: reverse Trendelenburg,
dysphagia screen, oral care and vaccinations. To test this
hypothesis, we performed a randomized, parallel-arm, con-
trolled trial with one arm receiving the multi-component
intervention and the other arm receiving usual care. The
incidence of hospital-acquired pneumonia during index
hospitalisation, as well as the time from randomization to
readmission to hospital for respiratory infection in 1 year,
was compared between both arms.

Methods
Study design and oversight

This randomized, parallel-group, controlled trial was per-
formed from January 1, 2016 to June 30, 2018 in the geriat-
ric unit at Changi General Hospital, a tertiary care hospital
in Singapore. The trial was conducted in accordance with
the Declaration of Helsinki, and the study protocol was
approved by the SingHealth Centralized Institutional Review
Board. Eligible patients were aged 65 years and older and
admitted via the Accident & Emergency department for an
acute non-respiratory illness with an anticipated hospital
length of stay (LOS) greater than 72 h. Patients admitted
with acute spinal cord injury or full-thickness/unstageable
pressure injuries were excluded because the prolonged
reverse Trendelenburg position may be contraindicated. To
ensure hospital acquired pneumonia was not already present,
patients who had been hospitalized for more than 72 h before
recruitment were excluded. Written informed consent was
obtained by a study team member and if the patient lacked
capacity to make decisions then consent was obtained from
a legally appointed representative (LAR).

Randomization was performed by distributing sealed,
opaque envelopes with a 1:1 allocation to two arms. Block
randomization was performed. Patient was randomized in a
1:1 ratio with block size of 10. One arm received the multi-
component intervention, while the other arm received usual
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care. Blinding was not possible since the intervention group
received perceptibly different care, such as reverse Trende-
lenburg, compared to the control group.

The multi-component intervention that we developed
consisted of four components. The first and novel aspect
of the study was that we placed the bed in a reverse Tren-
delenburg position (Fig. 1) with the whole bed tilted to
approximately 30° [24] to reduce aspiration of respiratory
pathogens and gastric contents throughout the hospitalisa-
tion. Second, we performed routine screening for oropharyn-
geal dysphagia at randomisation to the study, which was
within 72 h of hospital admission, to lower the risk of aspi-
ration when eating. Screening for oropharyngeal dysphagia
was undertaken by the research team members who were
trained by a certified speech therapist (ST). The dyspha-
gia screening test was adapted from the Toronto Bedside
Swallowing Screening Test (TOR_BSST) [25]. Screen-
ing components included bedside observations (alertness,
ease of breathing, facial and oromotor functions) as well
as a swallowing assessment. Patients who did not meet the
components on the screening criteria were deemed to have
“failed” the screening and were referred to a certified ST for
evaluation. The dysphagia screen is shown in Fig. 4. Third,
we prescribed oral chlorhexidine to diminish the bacterial
colonization of the oropharynx and gastrointestinal tract.
Chlorhexidine was chosen because it has been shown to
reduce the risk of ventilator-associated pneumonia [26, 27].
Oral care initially comprised of chlorhexidine 0.2% gargle
served four times a day (in addition to the patient’s usual
oral care such as tooth brushing or denture cleansing). If the
patient was unable to use gargle then oral swabbing would
be undertaken but the frequency was reduced to twice a day
on August 1, 2017 due to inadequate adherence by patients.
Fourth, we offered appropriate vaccinations for influenza
and pneumococcus, to boost immunity against respiratory

Fig. 1 Reverse Trendelenburg position or whole bed tilt

infections either prior to hospital discharge or administered
2—-6 weeks after discharge in those with an episode of sepsis
during their hospital admission. On discharge, patients were
advised to prop their heads up on pillows when sleeping, and
to avoid lying flat for an hour after meals, to reduce the risk
of gastric aspiration.

Usual care did not impose any recommendation on the
patient’s position during their hospital admission. Speech
therapists would only assess patients for oropharyngeal dys-
phagia during the index hospital admission if dysphagia was
clinically suspected by the medical team. Standard oral care
involved using a swab soaked in diluted sodium bicarbo-
nate solution to clean the oral cavity whenever the patient
desired (in addition to the patients usual oral care such as
tooth brushing or denture cleansing), and vaccinations were
not discussed routinely with patients on discharge unless
requested by the patient or their family.

The primary outcome was the incidence of hospital-
acquired pneumonia during hospitalisation, and the second-
ary outcome was the time from randomization to a subse-
quent hospitalisation due to an acute respiratory infection.
Hospital acquired pneumonia was defined as any pneumonia
that developed more than 48 h after an acute hospital admis-
sion with two or more of the following; positive chest imag-
ing, clinical signs and symptoms, laboratory evidence [28,
29]. Respiratory infections from all causes, upper respira-
tory tract infection (URTI), lower respiratory tract infection
(LRTI) and pneumonia (community acquired, aspiration,
bacterial or viral) that resulted in a hospital admission were
included in the re-admission analysis. The study team called
participants 90 days and 1 year after discharge, to ascertain
any hospitalisations with respiratory infections or hospi-
tal admissions from other causes, and reviewed electronic
medical records up to 1 year after discharge to determine
any subsequent hospitalisation due to respiratory infection
or mortality. Outcome measures included the frequency of
diagnosis of oropharyngeal dysphagia and vaccination rates.
Study team members reviewing outcomes were not blinded.

Statistical analysis

We assumed that the multi-component interventions would
reduce the incidence of hospital-acquired pneumonia dur-
ing hospitalisation by 50% compared to usual care (10% vs.
20%), with 90% power at a two-sided significance level of
5%. The power calculation was based on an audit of pneu-
monia undertaken at the geriatric unit. This calculation
resulted in a sample size of 540 participants. Analysis of
the primary outcomes included all participants who received
study interventions. For the proportion of participants who
developed hospital-acquired pneumonia during hospitali-
sation, the two arms were compared using a Chi-squared
test. The time to the next hospitalisation due to respiratory
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infection was modelled using Kaplan—Meier analysis with
a log-rank test. For the survival analysis, patients were cen-
sored if they died before occurrence of respiratory infection,
or 1 year had elapsed if respiratory infection did not occur.
We did not censor patients if they were readmitted for rea-
sons other than respiratory infection.

Baseline characteristics and secondary outcomes were
analyzed based on their statistical distributions. Continu-
ous data with parametric distributions were compared using
two-tailed 7 tests, while non-parametric distributions were
compared using Mann—Whitney U tests. The difference
between participant characteristics and assigned group was
performed using Chi-square test or Fishers Exact Test for
categorical data. Proportions were compared using Chi-
squared tests. Statistical analysis was performed using SPSS
statistical software, version 20.0.

Results
Baseline characteristics

Recruitment took place between January 1, 2016 and
June 30, 2018 (Fig. 2). Of the 1500 patients screened,
124 were eligible and gave written informed consent. One
patient withdrew consent before study interventions com-
menced and 123 patients are included in the analysis. 59
patients were assigned to the intervention group and 64
were assigned to the control group. Six patients (three in
each arm) were lost to follow-up by telephone but outcome

measures were obtained from the electronic medical records.
The study was terminated before reaching the calculated
sample size of 540 due to slow recruitment.

The baseline characteristics were well balanced between
the two arms (Table 1). The median age was 85 years [inter-
quartile range (IQR), 81-88 years], and 43.1% of the par-
ticipants were male. The Barthel index of activities of daily
living (ADLs) as modified by Collins and Wade, scores the
Barthel Index in one-point increments, ranging 0-20 and
indicates the patients function prior to admission [30]. Bar-
thel Index was assessed in 51 of 59 participants (86.5%)
in the intervention arm and 54 of 64 participants (84.4%)
in the control arm. The median Barthel index was 15.5
(IQR 10.8-20.0), which was similar between both groups
and would indicate moderate functional impairment in both
groups. Vaccination rates were low on admission [influenza
vaccine, 4.9%; 23-valent pneumococcal polysaccharide vac-
cine (PPSV23), 0.8%; 13-valent pneumococcal conjugate
vaccine (PCV13), 5.7%], and were not significantly different
between the two arms.

Primary and secondary outcomes

There was no significant difference in the incidence of hospi-
tal-acquired pneumonia during hospitalisation. During hos-
pitalisation, pneumonia was diagnosed in one of 59 (1.7%)
participants who received the multi-component interven-
tion and three of 64 (4.7%) participants who received usual
care. One participant in the usual care group was deemed
a protocol deviation as respiratory symptoms were present

1500 assessed for eligibility

1377 were not eligible
28 were unable to provide consent
37 had spinal cord injury

[

37 had died before recruitment

Enrolment

—

123 were randomized

65 were hospitalized for >72h
74 had pressure sores, stage 23
76 had discharged before recruitment

101 had primary doctor decline participation
379 had pneumonia / sepsis

l

59 were assigned to care bundle
58 received bed tilt
58 received dysphagia screen
53 received oral care
32 received vaccination

I

59 were included in follow-up
3 were lost to follow-up
0 died during hospitalization
5 died within 30 days
0 died within 31 to 90 days
7 died within 91 to 365 days

l

59 were included in analysis

Allocation

Follow-Up

Analysis

J' 580 declined participation

64 were assigned to usual care
0 received bed tilt
13 received dysphagia screen
0 received oral care
13 received vaccination

}

64 were included in follow-up
3 were lost to follow-up
1 died during hospitalization
1 died within 30 days
1 died within 31 to 90 days
10 died within 91 to 365 days

l

64 were included in analysis

Fig.2 Flow chart showing enrolment, randomization, allocation, follow-up and analysis phases
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Table 1 Basc.:li.ne characteristics All Usual care (control) Intervention P value
of study participants
Number of participants 123 64 59
Age, median (years) 85 88 84 0.13
Interquartile range (81-88) (82-89) (81-88)
Min-max 71-101 71-97 71-101
Male 53 (43.1%) 24 (37.5%) 29 (49.2%) 0.19
Ethnicity 0.79
Chinese 86 (69.9%) 46 (71.8%) 40 (67.8%)
Malay 26 (21.2%) 12 (18.8%) 14 (23.7%)
Indian and others 11 (8.9%) 6 (9.4%) 5(8.5%)
Barthel index 15.5 15.5 15 0.71
Interquartile range (10.8, 20.0) (11, 19.3) (10.0, 20.0)
Number of participants 106 54 51
Vaccinations at baseline
Influenza 6 (4.9%) 4(6.3%) 2 (3.4%) 0.68
Pneumococcal PPSV23 1(0.8%) 0 (0.0%) 1(1.7%) 0.48
Pneumococcal PCV13 7 (5.7%) 4(6.3%) 3(5.1%) 1.00
Grouped discharge diagnoses
Falls related 45 (36.6%) 26 (40.6%) 19 (32.2%)
Cardiac 17 (13.8%) 7 (10.9%) 10 (16.9%)
Gastro-intestinal 8 (6.5%) 2(3.1%) 6 (10.2%)
Infective episode 13 (10.6%) 6 (9.4%) 7(11.8)
Musculoskeletal 6 (4.9%) 4(6.2%) 2 (3.4%)
Neurological 20 (16.3%) 12 (18.7%) 8 (13.6%)
Respiratory 1(0.8%) 1(1.6%) 0 (0%)
Others 13 (10.6%) 6 (9.4%) 7 (11.8%)
Concomitant dementia 7 (5.7%) 6 (9.4%) 1 (2%)

PPSV23 23-valent pneumococcal polysaccharide vaccine, PCV13 13-valent pneumococcal conjugate vac-

cine

on admission. No significant difference was found in the
proportions of patients who contracted pneumonia during
hospitalisation when comparing the two groups (1.7% vs.
4.7%, P=0.620).

By contrast, the mean time from randomization to the
next hospitalisation was significantly longer in the interven-
tion group compared to the control group (11.5 months vs.
9.5 months; P=0.049; Fig. 3). One year after randomiza-
tion, participants in the intervention group had a reduction in
the risk of hospitalisation due to respiratory infections, com-
pared to the control group (18.6% vs. 34.4%; P=0.049). The
absolute risk reduction was 15.7% (95% CI 0.43-31.03%),
and the number needed to treat to prevent one hospitalisation
was 6.4 (95% CI 3.2-233.3).

There was no significant difference in overall mortal-
ity between the intervention and control groups (20.3% vs
20.3%; P=1.00; P=0.99) (Table 2). Two patients in the
intervention group transferred to the palliative care unit
following their index admission due to diagnoses identi-
fied during their hospital admission. There was no signifi-
cant difference in respiratory-related mortality between the

intervention and control groups (5.1% vs 10.9%; P=0.34).
There was no difference in the non-respiratory-related mor-
tality between the intervention and control groups (15.25%
v$ 9.4%; P=0.23).

The multi-component intervention, which included
routine dysphagia screening, increased the frequency of
both screening and diagnosis of oropharyngeal dysphagia
(Table 3). The number of participants screened for oro-
pharyngeal dysphagia increased by 74.9%. As a result, the
diagnosis of oropharyngeal dysphagia increased by 15.3%.
Dysphagia screening was performed on 58 participants
(98.3%) in the intervention arm and 15 participants (23.4%)
in the control arm. Subsequently, oropharyngeal dysphagia
was diagnosed more frequently in the intervention arm.
Oropharyngeal dysphagia was diagnosed in 21 participants
(35.6%) in the intervention arm and 13 participants (20.3%)
in the control arm (35.6% vs. 20.3%; P=0.001).

Vaccination rates improved by offering appropriate
vaccinations on discharge (Table 3). The vaccination rate
was significantly higher in the intervention group for both
PCV13 and influenza vaccinations. PCV13 vaccination
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Fig. 3 Proportion of par-
ticipants with re-admissions to
hospital for acute respiratory
infections over time. Log-rank
test comparing the prevention
bundle to usual care shows a
significant difference in mean
time from randomization to next
hospitalization due to acute res-
piratory infections (9.5 months
vs. 11.5 months; P =0.049).
One year after randomization,
the intervention group had a
lower risk of hospitalization

for acute respiratory infections
(18.6% vs. 34.4%; P=0.049)

Table 2 Study outcomes from
multi-component interventions
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Study outcomes All Usual care Intervention P value
Hospital length of stay
Number of participants 123 64 59
Median hospital LOS (days) 8 8 8 0.86
Interquartile range (5-12) 5-11) (5-13)
30-day hospital re-admission
Number of participants 122 64 58
No 88 (72.1%) 46 (71.9%) 42 (72.4%) 0.95
Yes 34 (27.9%) 18 (28.1%) 16 (27.6%)
30-day respiratory re-admission
Number of participants 34 18 16 0.34
No 29 (85.3%) 14 (77.8%) 15 (93.8%)
Yes 5(14.7%) 4 (22.2%) 1(6.3%)
Mortality overall n (%)
No 51(79.7%) 47 (79.7%) 0.99
Yes 13 (20.3%) 12 (20.3%)
<30 days of discharge 2 (3.1%) 5 (8.4%)
30-90 days of discharge 1(1.6%) 0 (0.0%)
90 days—1 year of discharge 10 (15.6%) 7 (11.9%)
Cause of mortality
Non-respiratory related 6 (9.4%) 9 (15.2%)
Respiratory infection 7 (10.9%) 3(5.1%) 0.34

was given to 32 participants (50.8%) in the intervention
group and 13 patients (20.3%) in the control group (50.8%
vs. 20.3%; P <0.001). Influenza vaccination was received
in 32 participants (54.5%) in the intervention group and 11
(17.2%) in the control group (54.5% vs. 17.2%; P <0.001).
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Those that did not receive vaccination were predominantly
due to patient or family declining vaccination. PPSV23
vaccination was administered to one patient (1.7%) in the
intervention group and none in the control group (1.7%
vs. 0.0%; P=0.48). The majority of vaccination in the
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Table 3 . Implementation of Bundle component All Usual care Intervention P value
prevention bundle components
Number of participants 123 64 59
Dysphagia
Not screened 50 (40.7%) 49 (76.6%) 1(1.7%) <0.001
Screened 73 (59.3%) 15 (23.4%) 58 (98.3%)
No dysphagia 39 (31.7%) 2 (3.1%) 37 (62.7%)
Present 34 (27.6%) 13 (20.3%) 21 (35.6%)
Cognitive dysphagia 2 1 1
Mild dysphagia 21 8 13
Mild-to-moderate 6 2 4
Moderate 1 0 1
Presbyphagia 4 2 2
Oral hygiene 53 (43.1%) 0 (0.0%) 53 (89.8%)
Adherence to mouthwash 23 (38.9%)
Bed tilt 58 (47.2%) 0 (0.0%) 58 (98.3%)
Vaccinations during study
Influenza 42 (34.1%) 11 (17.2) 32 (54.5%) <0.001
Pneumococcal
PPSV23 1 (0.8%) 0 (0.0%) 1 (1.7%) 0.48
PCV13 43 (35.0%) 13 (20.3%) 30 (50.8%) <0.001

PPSV23 23-valent pneumococcal polysaccharide vaccine, PCVI3 13-valent pneumococcal conjugate vac-

cine

intervention group took place before discharge from hos-
pital, however due to clinical reasons such as sepsis, some
patients were vaccinated after discharge. Following dis-
charge, seven patients in the intervention group received
both influenza and pneumococcal vaccination, with mean
time to vaccination of 28.7 days, median 29 days and
range of 1-71 days. Patients in the usual care group could
request vaccination but it was not offered routinely and
no patients were vaccinated during their hospital stay but
9 patients received influenza and pneumococcal vaccina-
tion post discharge, with an average time to vaccination
of 207.7 days, median 203 days and range 98-333 days.
Of these nine patients, seven received both vaccinations
at one visit and two received their vaccinations 3 months
apart.

Adherence to regular oral care, defined as cleaning the
mouth at least twice a day, was improved by reducing the
frequency of serving chlorhexidine oral care from four to
two times a day. Adherence rates improved from 16.1% (6
of 35 participants) to 94% (17 of 18 participants) when the
frequency of chlorhexidine gargle was reduced on August
1, 2017. Overall adherence was 38.9% (23 of 59 partici-
pants). Conversely, adherence to whole bed tilt (Fig. 3)
was high at 98.3% (58 of 59 participants). One patient
declined whole bed tilt due to discomfort.

Discussion

To our knowledge, this randomized, parallel-group, con-
trolled trial is the first study that aims to evaluate a multi-
component intervention, including reverse Trendelenburg
position, for hospital-acquired pneumonia prevention in
older hospitalized patients. While our data did not show
that the intervention prevented pneumonia during hospi-
talisation, it did demonstrate that a multi-component inter-
vention can prevent future hospitalisations for respiratory
infections. Prevention of future hospitalisations reduces the
risk of future nosocomial infections, increases disability-free
life expectancies, lowers healthcare costs, alleviates the bur-
den on healthcare resources and reduces patients’ frequency
of respiratory symptoms. In addition, the multi-component
intervention significantly increased the frequency of diag-
nosis of oropharyngeal dysphagia and improved vaccina-
tion rates, which prevents future respiratory infections and
enhances herd immunity.

We postulate that the prevention of subsequent hospitali-
sations for respiratory infections was achieved for a number
of reasons. First, prompt diagnosis of oropharyngeal dys-
phagia ensures patients are served the appropriate dietary
consistency, thereby reducing the risk of aspiration during
meals and after discharge. One quarter of hospital acquired
pneumonia is due to aspiration [28] and older patients with
swallowing problems are at greater risk for aspiration pneu-
monia, particularly those with cognitive impairment [29,
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31]. In one study, over 52.6% patients admitted to a geri-
atric unit with an acute medical illness had oropharyngeal
dysphagia [32] and 55% of patients presenting with pneu-
monia had clinical signs of oropharyngeal dysphagia [33].
Despite its prevalence and severity, oropharyngeal dyspha-
gia, a potentially modifiable risk to older patients, is still
underdiagnosed and untreated in many medical centers [33].
The European Society for Swallowing Disorders proposed
that dysphagia screening should be included in all standard
screening protocols, to implement treatment strategies and
prevent its main complications [34]. A conceivable future

Fig.4 Dysphagia screen
undertaken by Research Team
Members (adapted from the
Toronto Bedside Swallowing
Screening Test (TOR-BSST) -

(Martino et al., 2008)) - Aspiration pneumonia

- Large strokes or brainstem stroke
- Neurodegenerative conditions (e.g. Dementia, Parkinson’s Disease or

Parkinsonism)

History of, or current complaints of dysphagia

strategy would be to screen all patients over the age of 80
for dysphagia during their acute hospital admission by intro-
ducing a simple swallow screen (Fig. 4) administered by
nursing staff.

Second, oral care with chlorhexidine, diminishes colo-
nization of the oral cavity and gastrointestinal tract by
multi-drug resistant organisms during hospitalisation. Oral
cleansing in itself is beneficial as it reduces pneumonia in
both edentulous and dentate subjects, which suggests that
oral colonization of bacteria contributes to hospital acquired
pneumonia to a greater extent than periodontitis [35]. Poor

Dysphagia Screening Form for HAP Study

Patient has history of, or currently diagnosed with one or mbore of the following:

Do not
proceed
with
screening.
ST to assess

If one or
more ‘yes’

- Motor neuron disease (e.g. Multiple system atrophy, pseudobulbar palsy)

- Head and neck cancer/surgery

Are any of the following conditions present:

- Unable to maintain alertness for at least 10 minutes while sitting upright
- SOB requiring oxygen supplementation via face mask

If all ‘no’ Do not

proceed
with
If one or screening.
more ‘yes’ ST to assess

If all ‘no’

Give 3 teaspoons of water to patient. Feed slowly and carefully.

Are any of the following signs present?

[J No swallow attempt
[] Leak out of mouth/drooling
[J Coughing/throat clearing

[] sos

[] Wet/gurgly voice/change in voice quality

Stop
feeding.
Patient fails
dysphagia
screening.

If one or
more ‘yes’

ST to assess

[] Other difficulties, e.g. facial grimacing, oral pocketing, residue

Give patient 100ml of water via cup. Are any of the following signs present?

[J No swallow attempt

[J Leak out of mouth/drooling
[J Coughing/throat clearing
[] sos

] Wet/gurgly voice/change in voice quality

If all ‘'no’

Stop
feeding.
Patient fails
dysphagia

If one or .
screening.

more ‘yes’
4 ST to assess

[] Other difficulties, e.g. facial grimacing, oral pocketing, residue

Staff nurses:

Supervise patient during first meal (on premorbid diet). Sit patient upright during all
meals. Are there any signs of dysphagia and/or aspiration?

Examples include: Difficult or laboured swallowing, drooling, coughing, throat
clearing, pocketing of food in mouth, SOB.

If all ‘no’
Stop

feeding.
Patient fails
dysphagia

If one or .
screening.

more ‘yes’
¥ ST to assess

If all ‘'no’

Patient passes dysphagia screening.

Screened by:

Date of Screening:
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periodontal care, the presence of biofilm and reduced
mechanical cleansing are shown to contribute to aspiration
pneumonia [35-37] and oral care is a modifiable factor, eas-
ily enhanced in a ward setting [38]. Patient compliance to
oral care was improved in this study with a twice daily pre-
scribed oral care regimen.

Third, the routine vaccinations boost participants’ immu-
nity to influenza and pneumococcus after discharge. Older
people with influenza infections have the highest risk of
death, highest risk of hospitalisation and the lowest like-
lihood of admission to ICU compared to younger people
[39]. Locally the influenza-associated hospitalisation rate is
16.3%, with a substantially increased excess hospitalisation
rates in those age 75 years and above [20] but community
uptake of these vaccines is poor as evidenced by the very
low pre-study vaccination rates in this aged cohort, 4.9% for
prior influenza and 6.5% for prior pneumococcal vaccination
[21, 40]. The World Health Organisation recommends coun-
tries aim achieve influenza vaccination coverage of 75%, but
there are major differences across European countries and
historically poor uptake in older people [41]. The vaccina-
tion strategy in this study was opportunistic and likely still
beneficial as there are two seasonal peaks of influenza in
Singapore, which correspond to the Northern and Southern
Hemisphere winter seasons. Whether this strategy could be
beneficial in other European countries would need to fur-
ther investigation. There were no adverse events reported
and no increase in 30-day re-admissions using an oppor-
tunistic vaccination strategy. The numbers of patients who
were vaccinated against both influenza (54.5% vs. 17.2%;
P <0.001) and pneumococcus (52.5% vs. 20.3%; P <0.001)
increased significantly in the intervention group, which may
have helped to reduce respiratory re-admissions. A potential
confounding factor could be the increased uptake of vac-
cination in the control group, although the late vaccination
of these patients makes this less likely. The study may have
impacted the patient’s belief system to improve vaccination
uptake as some patients did not feel vaccinations were ben-
eficial. Cost was less of an influencing factor, as vaccinations
are subsidized but chargeable locally, and despite vaccina-
tions being offered at no cost to patients in the intervention
group, vaccination uptake was just over 54.5% for influenza
and 52.5% for pneumococcal vaccine.

Reverse Trendelenburg is a novel aspect of this study, and
was well tolerated by patients. Patient positioning during
hospitalisation is gaining momentum as a preventative strat-
egy, with twice-daily elevation of the head of the bed shown
to reduce pneumonia by 26% outside of an ICU setting [42].
The majority of studies and guidelines aimed at preventing
hospital acquired pneumonia have utilized semi-recumbent
positioning of 30°-45° [4, 19, 42—44] but it is conceiv-
able that intra-abdominal pressure and gastro-oesphageal

aspiration would be reduced using reverse Trendelenburg
positioning compared to elevation of the head of the bed.

This study has its limitations. First, due to slow recruit-
ment, the study was terminated before reaching the calcu-
lated sample size. As a result, there were only four pneumo-
nias recorded among our participants during hospitalisation,
making the study underpowered for its first primary outcome
measure. Future studies may need a larger sample size, as
disparity between suspected diagnosis of hospital acquired
pneumonia (10.9%) and those meeting-defined diagnostic
criteria (5.8%) is a recognized limitation of studies [29].

Second, due to the visibly different care received by the
two arms, it was difficult to maintain blinding among the
healthcare and study teams and patient outcomes were not
blinded which may introduce bias into the study. Third, since
this study was only undertaken at one hospital, it is unclear if
the multi-component intervention can be replicated at other
settings. Fourth, the tight time frame for recruitment, with
72 h from hospital admission made recruitment challenging.
Recruitment was particularly difficult to achieve for those
that needed LAR consent within 72 h of admission. The
most frequent reason cited for declining the study being “too
old to participate in a research study”. Widening the time
window for recruitment would improve recruitment, but
would increase the likelihood of recruiting a patient with
existing infection. Fifth, information was collected on pri-
mary discharge diagnoses but not co-morbidities and this
may influence the study findings, as there were fewer pri-
mary diagnoses of dementia in the intervention group.

Moving forward, future studies are needed to confirm and
clarify our results. For instance, trials at different healthcare
institutions would determine if our multi-component inter-
vention may reduce recurrent hospitalisations at other set-
tings, such as subacute hospitals and nursing homes. Trials
that evaluate individual components of the care bundle may
identify the parts of the care bundle which are most effective,
or even essential. Future studies that stratify participants
based on frailty scores or respiratory comorbidities (such as
asthma, chronic obstructive pulmonary disease, lung cancer
or frailty) may also determine whether these groups would
benefit more from the multi-component interventions.

This study shows that a multi-component intervention
for nosocomial pneumonia can prevent future hospitalisa-
tions for respiratory infections in older adults, but may
not significantly reduce the incidence of hospital-acquired
pneumonia during hospitalisation. Our data suggests that
interventions implemented during hospitalisation may
improve the long-term well-being of older patients long
after discharge. Therefore, clinicians should consider
how they can proactively prevent repeat hospitalisations
by taking preventive measures during the hospital stay
itself. During the COVID-19 pandemic, hopefully, the
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multi-component interventions described will inspire cli-
nicians to envision new ways to make hospitalisation a
safer experience for older adults.
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