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Association Between Daily Toothbrushing
and Hospital-Acquired Pneumonia
A Systematic Review and Meta-Analysis

Selina Ehrenzeller, MD: Michael Klompas. MD, MPH

= Invited Commentary page 142
IMPORTANCE Hospital-acguired pneumonia (HAFR) is the most common and morbid health Multimedia
care-associated infection, but limited data on effective prevention strategies are available.

Supplemental content

OBJECTIVE To determine whether daily toothbrushing is associated with lower rates of HAP
and other patient-relevant outcomes.

DATA SOURCES A search of PubMed, Embase, Cumulative Index to Nursing and Allied Health,
Cochrane Central Register of Controlled Trials, Web of Science, Scopus. and 3 trial registries
was performed from inception through March 9, 2023.

STUDY SELECTION Ranéjmized clinical trials of hospitalized adults comparing daily oral care

with toothbrushing vs regimens without toothbrushing. %2 % 1//% %ﬁ I F : 2 2 ) 3

DATA EXTRACTION AND SYNTHESIS Data extraction and risk of bias assessments were
performed in duplicate. Meta-analysis was performed using random-effects models.

e
MAIN OUTCOMES AND MEASURES The primary outcome of this systematic review and =qz E I E_ ® F A I T H
meta-analysis was HAP. Secondary outcomes included hospital and intensive care unit (ICU) H ~ - Ne

mortality, duration of mechanical ventilation, ICU and hospital lengths of stay, and use of

EIHIURSER - ZRtEItBEASHHE

Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)




ololole



SR Appraisal sheets(FAITH)

Appraisal Tool
[ %47 14 32k [E] EESystematic Review]
S AL 240 M SRR RREREY BY S =B 4 (o] ? (P1<O)

clololel



T ERL: 2 A 1 SRR Bl BRIRET RY R RE R (0] ?

v'P(Patient/Population/Problem)
EBmA
v'I(Intervention)
BHRISF 202X
v'C(Comparison)
FHRZDR2R
v'O(Outcomes)
FAPHFE I Ik 25 1H B8 Al s (NVHAP)

.:} B AR - EREReASNE
Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)




SR Appraisal sheets(FAITH)

Appraisal Tool
[ %4714 SZRR Bl BB Sy stematic Review]

TR . ZAMENECIRE mE M? wexm
(R35)

olclolcl



T ER2: 2 AR CI BRI E

F-th R 2 &K 2(Find)FhERHERE1E?

Identification of Studies

We searched the PubMed, Embase, Web of Science,
Cochrane Central Register of Controlled Trials,
Scopus, and Cumulative Index to Nursing and Allied
Health databases from inception through March 9,
2023. We also searched 3 trial registries:
ClinicalTrials.gov, the International Standard
Randomized Controlled Trial Number Registry, and
the International Clinical Trials Registry Platform.
We further searched the reference lists of articles that
met inclusion criteria and recent review
articles="=-=%25-22 and queried Google Scholar for
similar articles for all included studies. No date or
language restrictions were applied.
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https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2812938#ioi230082r20
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2812938#ioi230082r21
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2812938#ioi230082r24
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2812938#ioi230082r26
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2812938#ioi230082r26
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Search Strategy
The primary search strategy was developed for PubMed with the  » REfE=¥E=@EHEMeSH * RIS - FR

support of a medical information specialist. It included a AR ( HAP ) 1HRER0 R
combination of Medical Subject Heading terms and keywords
related to toothbrushing and HAP and was adapted as needed for : SR =

each database and registry (eMethods 1 in ). 1. PERER RELBR(RCT)

Eligibility Criteria 2. 16 LA EEBRmEA

Studies meeting the following criteria were eligible: (1) 3. ENRIF AR F YR
randomized clinical trials; (2) adult participants 16 years or older 4. B —TEEE.

In acute care hospitals; (3) investigation of the effects of R PR 50 72 B 34 (155 S 2 O 52 K S22 i 3% /3
toothbrushing vs no toothbrushing; and (4) inclusion of at least 1 %ﬂ{@[ﬂi%ﬁ%ﬁﬁﬁmm)—gmﬁmx)

of the following outcomes: HAP (VAP and/or NV-HAP), I 0 2215 FR RS S

duration of mechanical ventilation, ICU length of stay, hospital NEERBEERXE

length of stay, mortality, or use of antibiotics. An overview of AR NE

excluded studies, including reasons for exclusions, is provided in SBT3 )
eTable 2 in . MEREREFR

1 Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)
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« F-TiRZESEXKA(Find)PFBRIEEREE?

4 Manual search (citation
295 PubMed 290 Embase 215 Web of

219 CENTRAL 230 Scopus 183 CINAHL 71 Registries searching, Google scholar

Science similar studies)

L4 L4 l L4 Li L

1432 References imported into Covidence

. . . 37 Duplicates
607 Duplicates excluded excluded

v EBERERS - MREEMT - BN ,
j:jz I|—|——|l 82 5 FFF.l o 825 Records after duplicates removed
v REERREXHREEREE  TaE 1
%ﬁlel% . IE% ﬁuu }—\— n:_[t % J,/(&ﬁx%}\j/\ 825 Title and abstract screening
j:ﬁijl E/] H_-r FE% IEI W > 762 Excluded f38 Assessed for eligibility )
%%;.Mﬁﬁ(%fﬁiué B B MM A 157E R , ;
?i’ %\ ;E I‘i IEI EE&”‘ A/\jtﬁ' 101 Full-text articles assessed for eligibility

v L J

15 Studies included in review 86 Full-text articles excluded
42 Wrong intervention
14 Wrong study design (no RCT)
7 Wrong outcome
5 Wrong population
5 Outcome data incomplete
4 Duplicates
3 Full text not accessible
2 Wrong setting
Bt AR ER - SREBSASE 2 Studies not performed
Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University) 2 Studies ongoing 9
J
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Table. Characteristics of Included Studies

Procedure Blinded
Mo of outcoma
Source Country patients Settimg Interwention Comttrod Pneumonia definition End of follow-up ASSOSSOTS
Bellissimo-Rodrigues Brazil 254 I'CIL Thrice-daily routine care and Thrice-daily aral care by aoral cavity WAP and MW-HAP defined by CDC"s 48 h After ICU s
etal,** 2014 toothbrushing 45 times i cleaning with spatula wrapped MHSM surveillance definmtion of discharge
performed by a dental surgean im_gauze, followed by topical health care-associated infection
writh saft child toothibresh, tongue application chlorbexidine, 0.1 2% or {according to CDC) 52
scrapping, calcwlus remwonral, 0. 2% {depending on consciouwsness}
atrawmatic restarative treatrment
af caries, teeth extraction, and
aral application of chlorhexidine
Chacko et al /4* 2017 India 206 I'Cu Thrice-daily toothbrusking and Thrice-daily aral care by swabhhing WAP defined as patient receiving ICU discharge Weas
tooguie bhryshing with chlorhexidsne with spongec soaleedd in wentilation; abmormal chest
0.2%, in the oral cawvity chilorbexidine, 0,25 radiographic finding suggestive of
prneumaonia; fever or hypothermia;
levkagenia ar leukocytosis; purulent
endotracheal aspirate ar increased
respiratory secretions or suction;
worsening gas exchanges or inoreasing
axygen demand (if anly the Last 2 are
present, then positive culture yield
neaded according to CDC guidelines
walid im 2014)
de Lacerda Widal Brazil 213 I'CIL Twice-daily toothbrushing amd Twice-daily aral care by swwabbing Suspected VAP defined as new ar Day 28, death, s
et al,** 2017 bBrushing of all surfaces, tongue, all toath surfaces, tongue, and progressive pulmonary infiltrabe on extubation, or IO
and mucasal surface of the maouth mucasal surfaces of the mouth cheaszst radiograpghic finding and =2 of dischargea
writh a toothbrush with small and and applying chlorhexidine, 3 climical criteria (fewver, leukocytosis
soft hristles, and dental gel based 0.12%, oral sor on or levkapenia, purulent respiratory
on chlorhexidine, O_12% secretions). Confirmed VAP defined
as bacterial growth of endotrachaal
aspirates and bronchoalweolar lawva
with values =10° CFUfmL amd =100
CFUfmlL {a-ccur\dln% to the American
Tharacic Society)™
Falahinia et al, % Iram 6.8 'y Twwice-daily toothbrushing with soft Twice-daily aral care with gause wWaAP defined as CPIS =6, including the 5 d {Duration of as
2016 child toothbrush and chlorhexidine, swab soaked in chlorhexidine, O_2%% parameters temperature, leukocytes, interwvention)
0.2%, for 3 min tracheal secretions, blood
oxygenation, chest radiographic
results, and tracheal aspirate culbure
{according to Pugin et al)®
Félix,>! 2016 Brazil 58 I'CL Twice-daily toothbrushing with Twice-daily aral care with gauze wvaP defined by Diagnoastic Criteria Extubation, VAP Weas
toothbrush soft bristles soaked in soaked in chlorhexidina, O 125 for Healthcare-Relabed Infections diagnosis
Chiorhexidine, 0.1 2% {accarding to Mational Braril
Guidelines)s*=
Giuliano et al %7 2021 us a7o09 2 Madical and Toaothbrushing 4 times/d with soft Patients were not reminded to NV -HAP defined by radioclogical Hospital discharge No
(Effective 2 surgical wards o rushes wi plague-remowving brush their teath, no oral care diagnmosis, cultures when awvailabla,
sample (Cluster RICT) toothpaste as prowvieded to patients supplies were provided and symptom assessment
size, 753) iErg& Trequency™) (accarding to CDC) =S
Gong et al_ 3* 2018 Chimna a0= 1y Toothbrushing 4 times/d with soft Oral care 4 timesfd by using saline WAP defined by Intensive Care Branch S d {Duration of Unclear

[5] = p m salimne, brushing
af tongue, each tooth, and
interdental space with gentle
movemeant

on teekh, Engue_ throat, cheeks,
amnd jaw

of Chinese Medical Association®”

intervention)

-_)
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Table. Characteristics of Included Svudies (continuwed)
Procedure Blinded
Mo. of outcome
Source Country patients Setting Interwvention Comitrol Prneumamnia definition End of follow -up ELLTELT. 1.
Khan et al,*® 2017 Malaysia 9 Icu Thrice-daily toothbrushing with Thrice-daily aoral care with VAP defined by physician and 1CU 11 d { Duration Unclear
chlorhexidine, 0.2% chlorhexidine, 0.2%, foam swab nursing staff of intervention)
Long et al® 2012 China 61 Icu Thrice-daily toothbrushing with Thrice-daily aral care by scrubbing VAP defined by positive culture of Exbubation Unclear
a soft child toothbrush, preceded teeth and buccal area with povidone, secretions lowser respiratory track®
by powidone, D_1%-iodine gauza 0. 1% -1odine swak
scrubbring befare intubation
Lorente et al,*s 2012 Spain 436 Icu Thrice-daily toothbrushing Thrice-daily oral care with gauyre WaP defined by all fulfilled: new 7 d for WAP Yeas
{tooth by tooth on anterior and soaked in chlorhexidine, D.12% oanset of bronchial purulent spubum, outeorTe
posterior surfaces, gumline, and tempearature =38 "C or =35.5 =C,
tongue for 90 s) with a brush soaked leukocybosis andfor lLewkopenia, chest
in chlorhexidine, 0_12%, preceded radiograph with new or progressive
by oral care with gauze soaked infiltrates, significant quantitative
in chlorhexidine, O.122% culture of respiratory secretions by
tracheal aspirate
Masiriani et al,*” Iram 168 Icu Twrice-daily boothbrushing amnd Thrice-daily aral care by mouth VAP defined as CP1S 262 including 5 d {Duration Yeas
2016 tongue brushing with soft child rinsing with normal saline and the paramebars temperature, of intervention)
toothbrush and distilled water: rubbing a swab with chlorbexidine leukocytes, tracheal secretions, blood
a swab with chlorhexidine was then on the tongue oxnygenation, chest radiographic
rubbed an the tongue, followed by rasults, and tracheal aspirate culbure
mormal saline {according to Pugin et al)=4
Pobo et al, % 2009 Spain 147 Icu Thrice-daily toothbrushing tooth Thrice-daily oral care with Suspactad VAP defined by new or 28 d Yas
by tooth on anterior and posterior chilorbexidine, 0. 12%-soaked progressive pulmonary apacities,
surfaces, along the gumline and gaure to all teeth, torgue, and purulent respiratory secretions,
the tomgue with electric toothbrush, mucosal surface and injection of and fever or leukocytosis;
followed by oral care with chlorbexidine, 0.1 2%, imbo the oral canfirmed VAP defined by pressnce
chlorhexidine, O0.122%, same as the cawvity which is aspirated after 30 = of =1 potentially pathogenic
control groug arganism in respiratory samples
acoording to predefined thresholds
Salarzehi et al ** Iram a0 Cu Thrice-daily toothbrushing for 5 min Oral care with chlorhexidine, 0235, wvapP defined as modified CPIS =25, 5 d {Duration Yas
2021 all the outer and inner EUIEE'EEE of the mouthwash (no frequency reported including the parameters of intervention)
teeth and gums and then the bongue for control group) temperature, leukocytes, tracheal
and palate surfaces with an infant secretions, blood oxygenation, and
toothbrush and amtimicrobial chest radiographic results (accarding
toothpaste containing fluaride by tor Laurier et al)
making rotating mowements or
mowving from the back to the front of
the mowth; each part of the mouth
wras then cleaned with sterile destilled
wrater; mouth, tongue, and teeth were
then rinsed with a chlorhexidine,
0_2%-soaked swab
Singh et al,** 2022 India 220 Icu Twice-daily toothbrushing with Oral care with chlorhexidine, 0_25%, Suspected VAP defined by fewer, VAP death, or Unclear
uvltrasoft toothbrush (gauze mouthwash; frequency according positive ETT cultuwres, chest discharge
worapped arcund fingers if brushing o BOAS soore auscultation, increased ventilator
wras not possible), lubrication of demand, or newr abnormal chest
aral muoosa, and chlorhexidine, radiographic findings
0_2%5, mouthwash 1 1
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Table. Characteristics of Included Studies (continued)

Procedure Blinded
Ma. af outcome
Source Country patients Setting Interwention Corrbrol Pneumonia definition End of follow-up ASSEES0TS
Yao et al = 2011 Taiwan 53 ICu Twice-daily tookhbrushing the Once-daily wsual oral care with oral VAP defined as modified CPIS =6, ad{7d Yas

teeth's facial sides with an elactric
toothbrush, moisturizing the aral
cavity with purified water, cleansing
lingual sides and massaging tongue,
gums, and mucosa with a soft child
toathbrush; cleaning oral cavity with
aral swab connected to the suction
tubse and rinsing with purified water
{duration 15-20 min) and daily usual
aral care

swabs ar cotbon swabs and twice
daily mack care for 10-15 min; lips
werg moisturized using an aral swab

with purified waber

including the parameters
temperature, leukocytes, tracheal

radiographic results, progression of
pulmonary infiltrate, and tracheal
aspirate culture {according to Singh
et al)=?

setretions, blood oxygenation, chest
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Study Selection and Data Extraction
Two reviewers (S.E. and M.K.) independently screened all titles and
abstracts to assess eligibility. Full-text articles from potentially

oo /= 3ER S —++ == AN
eligible studies were further reviewed for inclusion. Discrepancies > EMUMfRE BT =R - R
between reviewers were resolved through discussion and consensus. SR SME = EA Er 45 A3,
Study selection and data extraction were performed using AR R i ] 123 2 AR
Covidence software and a standardlzeq data _extractlon > SR AR, S MBEIEE]D
form.=Y Data were extracted by the 2 reviewers independently, and
|ncon5|stenC|es_were resolved through consensus dlscu_ssmns. WTEE - ZENARKWER|LEE
Extracted data included study characteristics, intervention and
control group procedures, funding sources, HAP rates, mortality, BIZZ I E W BERR - B REIES2Z(E
hospital length of stay, ICU length of stay, duration of mechanical
ventilation, and use of antibiotics (data collection form in eMethods ZHRl - R{EHEEVEARA S A EE RV ZH R
21n ). When primary outcome data were L
incomplete or inconsistently reported, authors were contacted =i o

for clarification. The study was excluded if no response was
received within 4 weeks and clarification was necessary to
determine study eligibility. If a study included multiple groups,
only pertinent groups were extracted.

EIbHII RS R - ZE=ILR 2 AN

Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)
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Risk of Bias and Quality Assessment

> MUMRE (SEMMK ) EBUER

Both reviewers (S.E. and M.K.) independently assessed Cochrane B&E# R A 550 5% {m (5 B b ¥ 4 T B
risk of bias in all included studies using the Cochrane Wt B 75 4 A BT SS TS LIRS - AR
risk of bias template for randomized clinical

trials.®® Inconsistencies were resolved through consensus —N V& BREEE W TR - WEKH

discussions. The Grading of Recommendations,

: GRADE ( Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) ( J

framework was used to evaluate certainty of evidence Assessment, Development, and
and strength of recommendations. Evaluation ) 2248 RsT(4 B R TR B M Bl ge
> AV ol Ao R i B AR -
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Figure 2. Risk of Bias Summary

Random sequence generation (selection bias)

Allocation concealment (salaction bias)

‘ Blinding of participants and personnel {performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

0P e
oee0oPe

v Eﬁﬂﬂ . QWAE@15%E}F%E|:'§ 8 Selective reporting (reporting bias)
e /NN 335
R FIE & S [ b ) 2 Bz A AR Oter bias
WiRE - 7 BREREERER S P PP PP D F PO O DD
BERR - E2ERARFHNA FT TV Y TV oV oF VG PGP VT e
a= el || . & & e e & & e & e e &
s REREE E T xﬁéﬁ#‘g Sl #ﬁhﬁ fx@@ &
& hd CL g
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Figure 3. Association of Toothbrushing With Hospital-Acquired Pneumonia (HAP)

Experimental group Control group
MNo. of Mo. of Mo. of Mo. of Fawvors | Favors Weight,
s T =TS events patients ewvents patients RR {95%5 Cl) toothbrushing controls =4
1.1.3 vaP
Bellissimo-Rodrigues et al, %42 2014 B8 98 i7v 96 0. 46 (0.21-1.02) —_—- 5.3
Chacko et al,4* 2017 S 104 Fi 102 O0.70(0.23-2.14) 2.7
de Lacerda Vidal et al, %Y 2017 17 105 28 108 0.62 (0.36-1.07) —-—— 11.5
Falahinia et al,®® 201& 19 34 21 34 0.90(0.61-1.35) + 21.0
Félix, =1 2016 1 30 3 28 0.21 (0.03-2.82) .7
ong et al,2: 2018 b | 40 1= 4.0 0.69 (0.23-1.43) —-— 5.3
Khamn et al 4% 2017 L0 L ] 1 5 040 (0.02-7.82) .4
Lorents et al, 9% 2012 21 217 24 219 0.88 (0.51-1.54) + 10.8
Pobo et al, %€ 2009 15 Fa 18 73 0.82 (0.45-1.50% —-— 9.1
Salarzehi et al,32 2021 1 30 5 30 020 (0.02-1.61) 0.8
Singh et al, 943 2022 32 110 52 110 0.62 (0.43-0.88) —-—- 26.9
Yao et al,®* 2011 L 28 14 25 026 (0.10-0.67) 3.5
Subtotal 132 B74 203 870 0.68 (0.57-0.82) ‘ 99.0
Heterogeneity: T2 = 0.00; ]{% =10.27 (P=_.50); IZ=0%
Test for overall effect: z=4.13 {(P=.001)
1. 1-2‘ MWV -HAPF I :
Bellissimo-Rodrigues et al, 42 2014 a 29 1 31 0.36 (0.02-8.39) 0.3
Giuliano et al,4¥ 202143 1 393 3 360 0.31 {(0.03-2.92)% 0.7

Subtotal 1 422 a 391 0.32 (0.05-2.02) —en————— 1.0

Heterogeneity: T2 =0.00; ¥3=0.01 (P =.94); I?=0%
Test for overall effect: z=1.21 (P=.23)

Total 133 1296 207 1261 067 (0.56-0.81) -’ i
Heterogeneity: 2 = 0.00: }{213= 11.0L {(P=_61): IZ=0% 0602 010 1 o o
Test for overall effect: z=4.23 {(P=.001) : :

Test for subgroup differences: x%: 0.62 (P=.43); IZ=0% RR (95% Cl)

100.0

A
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eFigure 2. Association of Frequency of Toothbrushing With VVentilator-Associated

Pneumonia

de acerda idal 2017 17 105 28 108 12.2 0.62 [0.36 , 1.07] —_—
alahinia 2016 19 34 21 34 22.49 0.90 [0.61 , 1.35] —
Singh 2022 32 110 52 110 28.7 0.62 [0.43 , 0.88] ——
ao 2011 a 28 14 25 3.8 0.26 [0.10 , 0.67] - -
Total events: 72 115
Heterogeneity: Tau = 0.07 Chi =6.26,d =3 ( =0.10) | =52
Test or overall e ect: =2.48 ( = 0.01)
Chac o 2017 5 104 7 102 2.9 0.70 [0.23 , 2.14] _
eli 2016 1 30 3 28 0.7 0.31 [0.03, 2.82]
han 2017 o a4 1 5 0.4 0.40 [0.02 , 7.82]
orente 2012 21 217 249 219 11.6 0.88 [0.51 , 1.54] —
obo 2009 15 7Aa i8 73 9.8 0.82 [0.45 , 1.50] —_—t
Salar ehi 2021 1 30 5 30 0.8 0.20 [0.02 , 1.61]
Total events: 43 58
Heterogeneity: Tau = 0.00 Chi =2.75,d =5 (( =0.74) | =0
Test or overall e ect: =1.40 ( = 0.16)
ong 2018 o 40 13 40 6.7 0.69 [0.33, 1.43] —_—
Total events: 9 i3
Heterogeneity: ot applicable
Test or overall e ect: =0.99 ( = 0.32)
Total events: 124 186 ) ) ) )
Heterogeneity: Tau = 0.00 Chi =9.40,d =10( =0.49) | =0 0.02 0.1 1 10 50
Test or overall e ect: =3.79 ( _= 0.0002) avours [e perimental] avours [control]
Test or subgroup di erences: Chi =0.54,d =2 ( =0.77),1 =0

EIHIURSER - ZRtEItBEASHHE

Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)
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Fiﬁure 4. Association of Tooth hmshinﬁ With Intensive Care Unit Mnrl:ali?‘

Toothbrushing Control group
Mo. of Mo. of Mo. of Mo. of Favors ;| Favors Weight,
Source events patients events patients RR (95% CI) toothbrushing : control .4
2.1.1 Low risk of bias
Bellissimo-Rodrigues et al, %2 2014 37 127 40 127 0.93 (0.64-1.34) I 17.1
de Lacerda Vidal et al,%! 2017 20 105 27 108 0.76 (0.46-1.27) | 9.1
Lorente et al,*> 2012 62 217 69 219 0.91 (0.68-1.21) + 28.9
Pobo et al, 4% 2009 16 74 23 73 0.69 (0.40-1.19) m 7.9
Subtotal 135 523 159 527 0.86 (0.71-1.04) e 63.0

Heterogeneity: 2= 0.00: 11_,_=1-14 (P=.77): 1I2=0%
Test for overall effect: z=1.54 (P=.12)

2.1.2 Unclear/high risk of bias

Long et al,>? 2012 3 31 5 30 0.58(0.15-2.22) x = 1.3

Singh et al,%* 2022 49 110 66 110 0.74 (0.57-0.96) —— 35.7
Subtotal 52 141 71l 140 0.74 (0.57-0.95) * 37.0
Heterogeneity: 14 = 0.00; 11 =12 (P=.72): I?=0%
Test for overall effect: z=2. 3? (P=.02)
Total 187 664 230 667 0.81 (0.69-0.95) <> 100.0
Heterogeneity: 12=0.00; }{15=2.1E (P=.83): 1I7=0% 0.2 0.5 0.7 1 3 3
Test for overall effect: z =2.66 (P=.008) RR (953% CI)
Test for subgroup differences: }11 =0.89 (P=.34); [¥=0% ;
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Implementation of a structured oral hygiene program through nursing assistant education to address
non-ventilator hospital-acquired pneumonia: A quasi-experimental study
ZHBEEEIEHEEABIC O EET S LB IFT R KRS M —IREERAR

Elizabeth Kozub MS, APRM, CCNS, ACNP, CNRM, CCRMNY |
Emily Gorzycki DNP. APRMN, AGCNS-BC! | Abbey Sidebottom PhD, MPH2 |

Sandra Castro-Pearson PhD?2 | Ruwth Bryant PhD, MS, RN, CWOCHKH-Retired/Emeritus, FAaswet
Abstract « WFEES (Introduction )
Introduction: Mon-ventilator hospital-acquired pneumonia (MY HAF) is a common NV-HAP ZEE{EB%%%%ﬁ%E/‘]{%ﬁéﬁ ’ @”ﬁ)\%ﬁﬁﬁﬁ’ﬂﬂﬁﬁj\%%ﬁ%ﬁ °
complication for hospitalized patients. NV HAP develops when patients aspirate oral = E'(J M Hgﬂﬁ EEE-”’X P JH:'EH}/@ ’ EEEEHI' }EE H rl%_'ﬂnj'\:j\ E% ki) /ﬁir?\ 28 ﬁE%@ °
secretions containing pathogenic bacteria. Appropriate oral hygiene can help mitigate ¢ ﬁﬁ%§§§+ ( DeSign )
NV HAP development. Hospital staff, including nursing assistants, play an important RAREERMREARET ( quaSi'eXperimental pre—post dESign ) ' tb REBTA
role in ensuring that these cares are completed. m?é E"\]%'ﬂj °
Design: A guasi-experimental pre—post design was used to evaluate outcomes before ¢ ﬁﬁ%ﬁ;ﬁ ( Methods )
and after implementation of a structured oral hygiene education program. 1 E_ﬁﬁi\ﬁﬁ Eé;ﬁg\ﬂ\l HHEBEJ;EZ*U'H)T ( Minneapolis, MN ) E@%@%&E@E@%%qﬂ/\
Methods: & structured oral hygiene program was developed and implemented in a %Bﬁ%‘g*ﬁ'fbm H?%E%ﬂ%ﬁ% °
large quaternary hospital. Change in NA knowledge, attitudes, and behaviors before ZEEIME%QEW?Q NAs E/\J %I] %ﬁ N %fiﬁiﬁ%ﬂi% ’ X[Eﬁj\jtﬁ)/l\)\mﬁéﬁ% ’(] NV-HAP %é
and after implementation of the oral hygiene program was evaluated. Retrospective EZ,@ °

HRLER (Results)

patient outcomes before and after the intervention were analyzed to detect changes
Results: Following the education, nursing assistant knowledge of recommended fre- _>82'1%' p= 0.003 ) °
quency of oral care for patients who are NPO increased (67.2% vs. 82.1%, p=0.003).
MAs were more likely to report oral hygiene tools including oral suctioning (80.8% Eg%ﬁ%}ﬁﬁ’;{(‘mﬁﬁ ?“Ei%] 7][] °

vs, 90.2%, p=0.005) and toothbrushes (89.3% vs. 95.3%, p=0.031). The unadjusted 3.NV-HAP ééiz%EE 0.74% B§§ 0.25%
incidence of NV HAF was significantly lower in the post-intervention cohort (0.25%)
compared to the pre-intervention cohort (0.74%), p<0.001. In the adjusted model,
 #5% ( Conclusion)

non-invasive positive pressure ventilation increased the odds of NV HAP by nearly

Conclusion: Focused education for MAs is an effective strategy to increase knowl-
edge related to oral hygiene. Implementing a structured oral hygiene program for MNAs

appears to be a promising practice to decrease NV HAFP.

in NV HAP rates. 1#BE% NAs #13& NPO ( RE ) mAZZMW O IERERRAOLEHIBEZR (67.2%

2fEAOEKS] (80.8% — 90.2%, p = 0.005 ) E2ZFfl ( 89.3% — 95.3%, p = 0.031)

- EEBRETEENS (p<0.001) -

4 RBEREN - PIFRAMGETRES (NIPPV ) **EHZESSE NV-HAP iR
S—MmERE 7 15 (AOR =6.88,95% Cl: 3.99-11.39) -

sevenfold (AOR=6.88, $5% CI: 3.99, 11.39). ABR SRR MERTEIEIEN LR EAE A A TRHTS -
HEE R EAARCNOREEN AZRE NV-HAP BB RS -
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TABLE 1 HMursing assistant oral hygiene knowledge attitudes

behaviors survey.

Survey items

How many times a day
should oral care be

done on a patient with a
regular diet?

]
1
2 to 47
5

How mamy times a day
should oral care be done
on a patient who is NPO
or has tube feeding?

]
1
2 to 37
4

How long should a
patient brush their teeth?

=1 rmin
1-2 min®
J-4min

54 min

Pre-OHEP
(baseline)

n=202

2 (1.0%)

9 (4.5%)
18% (93.6%)
2 (1.0%)
n=1%5

—REZREEN
HEROREEE ?

7 [3.6%)

1% [(9.7%)
131 (567.2%)
38 (19.5%4)
n=1%4

4 [2.1%)
109 (56.2%)
56 (28.9%%)
25(12.9%)

Post-OHEP p-value

n=202 1.000

0 (0.0%)

9 (4.5%)
190 (94.1%)
3 (1.5%)
=195

EERENRAET

3 (1.5%a)

10 (5.1%)
1460 (B2.1%5)
22 (11.3%)

n=1%4 0.990

4 [2.1%)
127 (55.5%)
A4 (22.7%)
1% (9.8%)

It is important to elevate
the head of the bed when
performing oral care to
prevent aspiration rishk.

Falzse
True”

Patients can safely sleep
with dentures in.

False®
True

As an MA | can perform

a swallow screen to
determine if the patient is
an aspiration risk.

False™
True

| should aide or promote
mioisturization of a
patient"s mouth/lips after
performing oral care.

False
True”

Crral care is a low priority.
Strongly agree
Somewhat agree
Agree
Somewhat disagree

Strongly disagree

n=202

1 (0.5%)
201 (99.5%)
n=202

182 (F0.1%)
20 (9.9%)
=170

n=202 0998

& (3.0%)
196 (97.0%%)

n=202 0055

1467 (B2.7%%6)
35 (17.3%)

=170 <0001

TEREEBNE » WA DUETEHIHMERHABTR AR S

AR ?

145 (B5.3%)
25 (14.73%)
n=194

4 (2.1%)
190 (97.0%)
n=196

7 (3.6%)

A (2.0%)

& (3.1%)

23 (11.7%)
156 (79.6%)

123 (72.4%)
AT (27.6%)

n=1%4 0258

10 (5.2%)
184 (94.8%)
n=196

13 (6.6%)

3 (1.5%)

6 (3.1%)

& (3.1%)
168 (B5.7%)

0175
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TABLE 1 (Continued)

Pre-OHEP
Survey [tems (baseline)
Cleaning the oral cavity is n=1%97
unpleasant.
Strongly agree 5{2.5%)
Somewhat agres 25 (12.7%)
Apree 24 (12.2%)
Somewhat disagrees 4% (24.9%)
Strongly disagree 94 (47.7%)
The oral cavity is difficult n=1%98
to clean. [ fre 3R R 2
Strongly agres 4 [(2.0%)
Somewhat agrees 36 (18.2%)
Apres 26 (13.1%)
Somewhat disagree 56 (28.3%)
Strongly disagres 76 (38.4%)
| need an oral care n=1%4

guideline to provide
quality oral care.

Strongly agree 35 [18.0%:)
Somewhat agres 23 (11.9%)
Apgree 42 (21.46%)
Somewhat disagrees 36 (18.6%)
Strongly disagree 58 [20.9%)

Post-OHEP p-value
n=197 0.557

7 (3.465%)

19 (9.6%)
26(13.2%)
35 (17.8%)
110 ({55.8%)

n=198 0.007

4 (2.0%)

23 (11.46%)

21 [10.46%a)

48 (24.2%)

102 (51.5%)

n=1%4 <0.001

BREOEEES AR MR ERE -

2211.3%)
15 (7.7%)

37 (20.1%)
34 (17.5%)
84 (43.3%)

| do not have enough
training to provide oral
care,

Strongly agree
Saomewhat agree
Apres

Somewhat disagree
Strongly disagree

| do not have enough

supplies and equipment

to provide oral care.
Strongly agree
Somewhat agree
Apree
Somewhat disagree
Strongly disagree

It is one of the nursing

assistant's responsibilities

to provide oral care.
Strongly agree
Somewhat agree
Apree
Somewhat disagree

Strongly disagree

What tools do yvou use to
provide oral care (select

all that apply)?

=200

=200

BOLEHER S| SRR Bt g

13 (6.5%)
19 (9.5%)
27 (13.5%)
44 (22.0%)
97 (48.5%)
n=194

8 (4.1%)

¥ [3.4%)

13 (6.734)
34 (17.5%)
132 (68.0%%)
n=1%94

Rt O R N TF R —

123 (63.4%)
13 (6.7%)
31 (16.0%)
8 (4.1%)

19 (9.8%)
n=214

8 (4.0%)
8 (4.0%)

12 (6.09%)
46 (23.0%)
126 (63.0%)
n=194

F (4.46%)

7 [3.6%)

11 {5.7%)
24 (12.4%)
143 (73.7%)
n=1%4

142 (73.2%)
10 (5.2%)
28 (14.4%)
4 (2.1%)

10 (5.2'%)
n=214

=0.001

L2258

0.023
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|Conmtimued)

Swrvey ibems

Adult toothbrush™

Mouthwash™

Foam sweab:

Gauze + tongue
de=pressor

Suctioning®

Maoisturizer”

¥Which part

of the mouth

iz included when wou

prowide oral care?

Brushing

Brushing
ELEMS

Brushing
tongue

Brushing
tongue

A

Mone

of te=th anly

of te=th and

of te=th and

of gpums and

Pre-OHEP
(baselin=]
191 (B9 3%)
100 [Sé.1%)
a7 [17.5%)
13 [SE9%)

173 |BOUEE)
FlE33.2%
me= 1

14 [7.554]

4 193]

27 12.6%]

1 {0.5%]

14% |69 45%)
17 [(79%)

.\.-||-

II:IR

Post-CHEP
204 (B5.3%)
PF 53R
35 (14.4%)
160 (T E)

183 (0.2 5%)

111 [51.9%]
n=21d

A [3.7%)

4 [1.9%]

12 |5.45)

O 005

179 [8:3.4%)
11 (5.1%)

€ [ Bk

p-value
0031
D017
D.a9p
Ca ERECE) |

0005
<0001
0493

\\

/m
|5
N
=

HERTR - K51

EF - RoEENEEERIRFPEREZANIA -

2R

"ZO0ER , AEERIB EF (69.6% — 83.6% )

%S 0.492 - (NRMET EAREE -

{52 FR R O K B9 A SURE TRL 2D -

O] BB B s R I 1405 R

TH (WNFh ) M=BREREE -

W+ BRIREFRRBINERRES

B p

R
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TABLE 3 Patient characteristics. # SCHOLARSHIP

TABLE 3 (Confinued]
Pre-intervention [April-Sept. Past-interverstiamn [April-Sept.

— — Preintervertion [April-Sept.  Postintervention [Aprii-Segt.

Patient charactesistics in=8e85) {n=8325) pvalug nH)

::: (500 4,40 (17.08) £3.77 [17.34) .02 Patlent - e
Male A245 (489 4055 [48.9) oy Infectious S0 (55 4738
Femals 4440(51.1) A246[51.2) me mun na[&‘]

el ) Mok frkgulirhen A5 (a7 M4

White, nor-Hispanic T184 (82T ATS2[81.1) 003

Black, nan-Hisparic 768 (8.8) a3 5.9 Other 2045 H1674)

Hispanic/ Lating A A Meurclagic 264 (4.2 AT

Azian or Facific Islander, non-Hispanic 149 (1.7} 151 [1.4] Endoering 35!“.1] ﬂ;‘[lﬂ*

Mative American, non-Hispanic 157 (1.8 138(1.7)

Patient declined or miszing w23 Fan[2.e) Coagulopathyfanemia/ bleeding diathesis s 28133
BMI, mean (50 2953 (778) 2950 (794) 050 Complications of care LT e 195 (23
LOS, mean (S04 5.65(5.54) 580599 ooy MM 44 (L7 2005
LACE+ Scare, mean (5D 56.34 (14.84) 59,55 [14.64] .42 Substanceusecsanderposanig 1312 e
Chasizon Comorbidity Inde, mean (50 078 (1.28) 0.72[125) 030
Bed rest. n [%) 995 laan) 4747 [45.0) 020 Reproductive #2(11) A1(87)
Mon-invasive positive pressure ventilation, n (%) 15038 ITE3.3) nag Skiniwounds B2(0% 12915
Masogastric/oral gastric tube, n (3] i i-To i) 20715 o2y Mental health 4}':1153 -“[ﬂﬂ
Surgery ar procedure, n{3%) 251 412 A5E5 2.5 o4
Bisbevant comarbid conditions, m (9€] Dispasition at discharge, n (%]

Smaking, current ar previous AORS (47.0) 3814 (45,5 013 Home EM4 (773 a4l [777)

Uy i Pl | e = klled rarsing facilty, kong-temm care 1417 {163 1312 (158)

Asthma, histoery af 1007 (11.6) 957 (11.5) 088

Stroke, hlstoey of 130 {1600 1292 {1500 T Rehab 161019) 1714

Acute heart faiure 955 (11.00 PAB (118 020 Hospice 150iL7) 162(1%)

Congestive heart fallure, history of #33(10.7) B&S [10.4) 047 Espired 1113 132(14)

s L . kel e ther [AMA, psychiatric hosgital. other healtheare 197115) 13815}

e =2l &0y C settings, court/Law enforcement, stil a patient]

imenunasuppression 409 (5.8) A58 047 )

Dysphagia, histary of 258 4.1] 36204.3) 049 Missing sty 4i0y)

Anemia 52N laslzy) o5 Abbreviations A aculty; AMA, agalnst medical advice; BMI. bady mass Index €. comarbidities: E, emergency vislt; GIGU, genltourinary/

Malnustrition 29(0.3) A7 [0.6) 003 gastrointestinal; LACE+, L, length of patient stay in hospitak LOS, length of stay.

Preadmission setting, m (%)

Mon-healthcare faclity paint of arigin HT12(7T.5) BEAE TR <0001

Transfer from a hospital 1425 (14.4) 1577 [149]

Transfer from haspital inpatient in the mme facility 14 (03 28 [0.3)

Transfer from other facility o a8 a7 (G4}

Clinic or physician's office 113013 84 1.0}

Missinginfarmation nat available W0 31 [0.4)

Admitting diagnesis, n (%)

Cardiacvascular 1405 (15.4) 1603 [15.3) e

EET 1410 {142 1308 [147)

laint/spine/fractures 1194 {137 $27[11.1)

Meoplasm/malignancies 68 (7] 443 [5.3)



TABLE 4 Adverse patient cutcomes.

Pre-interventian [April - Sept. 2021) Post-intervention (Apr - Sept. 2023
[n=B485) In=8325) pvalue
Incidence of primary and secondary outcomes
MY HAF inooence &4 [0.54%| 2110.25%) 11001
Inecichenice (% 5% CIj Unadusted Adjusted Unadjusted Agusted
MY HAF 0720054, 0] Q321017 009 5017, 0.3% 0110000, 0.2
30-day martality” 43471182 4.67) 230195 180) 43R [ 44 153214 303
-ty readmission® 21483 2080 AH(1d, 21eY 21453 (2058 2235 052 (1YE 2L
kel
Oudds rathos (95% O
Primary and secondary owtcomes Unadjusted A justed
Undds rabas com@anng pre- and post-intervention periods for primary and secandary outcomes
Ny HAF 0344020, 00 0.3410.20, 008
-day martality” 14090, 1.21) 10w, 1.2d)
-ty readmission® L0003, 1.0, L0040y, 104

"Pre-dictors of NVHAP: penad [pre/postl s age, race, and ethoioby [Black, Whete, or other), bed rest(YNL MPPY (YN, Charton Comarbidity
Inacdiest {CC1), bength of stay {LOS), smaaking, history of asthina [Y/H), histary of stroke {Y/N) histaory of dysphagla (Y], anemia, newrolgical deease,
preadmisson setting (eabthcare facolity/non-healthcane facibty]

“Predictars of mortality and readmission: period (ore/past), NVHAP, sex, age, race, and ethnicity (Back, White, o ctherl bed rest (¥/M), NPV (YiN),

LI, Los,
Ok ratios use the pre-intersention peiod as retersnoe

1.NV-HAP 24 REEZETF

(#£0.74% PB&E 0.25% - p < 0.001) :

1. FZ% OR=0.34 - B AT 66% -
2. BN ABEBX -

130 RFETXREFERREHELER
HAEMIBN (ETXR ) BIBE ( BERR)
Bipst THEEEEE -

2 tH B REE R FRE AR
BZMhl - Fik - EE - EBREAMK - EBEH
NIPPV -~ £ym1E& (CCl) ~ FRKXE - 2&A
EREZ - PESE - B - S8ERS -



TABLE 5 Adjusted cdds ratio for WY HAP risk factors.

Risk factor

Sex—male

Age

Race and Ethmecity—Black/Afncan

AT 3N
Race and Ethnicity—Other
Bed rest

Monrinwasrse postive pressure
wenkilatian (MPEY)

Lharlzon Comorbedity Index
Surgery or procedure
Lengtin ot stay

Smaking, current or previous
History of asthma

History of strose

History of cysphagla
Anemia

Mewrolagical dseise
Mon-hiealthcare taokty point af
oigin

“statsbcally sigrificant.

Adjusted odds ratio

118
100
1:1

OB
1k
4B

11
104
104
14
113
1.7
ley
1.38
0.8
0.E0

755 Cl lower

0.4
ik
.30

a7
03
a5

043
065
e
105
0.3f
L
0.0
0.3z
034
.50

95% Clupper

181
1id
Fi )

4%
0.Es
113%

Lz
Led
gy
iy
114
s
15
1M
Led
13

/J\ ul:I

NIPPV FHZ&E A &
BH¥E -
BRALEEFRHENRESE - EMNE RS
AT -

EAIRRR M A RERE T - olsElIBEAETERE
EEI:ZEIE I%’El

SEEE - Z&5A0EEE
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FEERMATBRIZXER - 5578R14H75E 8685 REEREMEREBERIIHMAIZLE  BrFaBAA"

8325 REBEFTESMAIZAE -

FL3E NV HAP B4R 0.74% FFEH 0.25% (p <0.001) -

OHEP &34 NV HAP HI4RPE1K T 66% ( OR 0.34 ; 95% CI1 0.20,0.55) -

ERERZEE - 4R~ BEMER - CCl MEMEZE ( EDEMWFM Fitr ~ |/l ~ PE - BEEEZER NPPV )
% EREREDAREZE (AOR=0.34; 95% CIl : 0.20,0.56) -

FRAMLIERESR P & w2
EBRER D . HENPPVHIEEBANY HAPRIS BIPEESRESRANY HAPRZ RN 9%

(AOR=6.88;95%Cl:399 1139) - )

INZNY 9 IR 7 S2
EARIKRBEE ¥ BENV HAPRIZZR ( AOR = 0.53 ;
95%Cl : 0.32 - 0.86) -

OJRERHERNAZ B  REBNKIK R OIS
ENEZMERERARR -

BRFAENZREEZBNV HAPRIZEZRIE 64% (
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