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Introduction

1. Introduction

1.1. Background

Ventilator-associated pneumonia (VAP) is the masthmon infectious complication in ICU
patients requiring mechanical ventilation (MV). Theported incidence of VAP rates ranges
between 8 and 28%.VAP is known to increase the length of ICU andpits stay, and it is
associated with a high morbidity and mortafity.*°”: 149 182 331. 34§ i5 well established that VAP
Is associated with prolonged ventilation, ICU sty additional hospital costs of greater than
$40,000 per patieit> However, whether the about 30% higher mortalitpatients with VAP is
due to VAP itself or due to the more frequent pneseof underlying determinants in patients

who develop VAP, remains controversiaf?®® 28

Microaspirations of oropharyngeal or gastric secnst are assumed to be the leading cause in
the pathogenesis of VAP/® **"Here the cuff of the endotracheal tube (ET-tutsdlfi plays a
decisive role, considering that the natural defenshanisms to clear the airways from
secretions are impaired and leakage around thecwibéacilitates the descent of pathogens into
the lower airways, especially in atelectatic aré&edation, the existence of a nasogastric tube,
bacterial overgrowth in the stomach and orophamk a compromised immune defense due to
the underlying disease of critically ill patientseaadditional contributing factors in the
pathogenesis of VAP. Hematogenic spread from attiectious sources can also account for the

development of VAP.

VAP is commonly distinguished into early (<96 heafintubation) and late (>96 hours after
intubation) onset VAP. Early onset VAP is generalpused by antibiotic sensitive pathogens
such as oxacillin-sensitive staphylococcus aurdwsnophilus influenzae and streptococcus
pneumonid® Late VAP is generally caused by antibiotic resistzathogens such as methicillin

resistant staphylococcus aureus, pseudomonas aesagind acinetobacter spedies.

The prevention of VAP has been the subject of itigason for several decades with numerous
strategies and techniques aimed at interrupting dh@pharyngeal, gastropharyngeal and

bloodstream route of infection.

There are a number of systematic reviews that cozdpthe efficacy of various interventions for
the prevention of VAP! In addition, the Center for Disease Control, thmetican Thoracic
Society and other additional expert groups havdish#rd guidelines for the prevention of VAP.
67, 92, 117, 164, 184, 331 395\vever, this leaves the clinician with an abundéerature that is

difficult to interpret, and despite the large numbé systematic reviews and guidelines to date
1
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there is currently no comprehensive quantitativiesyatic review summarizing the efficacy of
all published interventions for the prevention oAR/ The vast number of meta-analyses
conducted for single interventions as well as tifiler@nt meta-analytic techniques used, makes

it virtually impossible for clinicians to qualifyffective VAP prevention.

1.2. Research question

Therefore, we have conducted a comprehensive athd-date quantitative systematic review of
VAP prevention methods of randomized controlledl$riRCTs). By analyzing all of the results
with one statistical technique we have made thempawable with one another, allowing for

easier interpretation of successful preventiortesias for clinicians working in ICU wards.



Methods

2. Methods

2.1. Search strategy

a) Electronic databases

The search of electronic databases is the foundafi@ur search strategy. It was performed in

two steps.

Step |

To get an overview of the literature and clinig#&ls of interventions for the prevention of VAP
we conducted a preliminary PubMed search for theSMeTerm “Ventilator-associated

Pneumonia”, limited to randomized controlled trials

("pneumonia, ventilator-associated"[MeSH Terms] @entilator-associated pneumonia[Text
Word]) AND (randomized controlled trial[Publicatiofiype] OR (randomized[Title/Abstract]
AND controlled[Title/Abstract] AND trial[Title/Absiact]).

Subsequently we limited our search term to metdyaaa and systematic reviews:

("pneumonia, ventilator-associated"[MeSH Terms] @eéntilator-associated pneumonia[Text
Word]) AND systematic[sb].

We were aware of the fact that this search woutdesw to a highly sensitive outcome, since the
MeSH Term “Ventilator Associated Pneumonia” wasyomitroduced to PubMed in 2007.
Therefore, we reviewed titles, abstracts and MeS8HHT listings of relevant articles and
preventive strategies found by the initial seaktfe. then formed the following thematic groups

and subgroups for the development of a more ddtagarch strategy:

1. Oral care: toothbrushing, chlorhexidine decontatima

2. Gastrointestinal interventions: antibiotics, selectdigestive tract decontamination, early
gastrostomy, small-intestinal feeding, metoclopdani acidification of enteral feeding,
sucralfate, intermittent enteral feeding, immunoition.

3. Airway management: weaning protocols, early trast@uy, noninvasive positive-pressure
ventilation NPPV, endotracheal suctioning, ventitatircuit changes, heat and moisture
exchangers.

4. Endotracheal (ET) tubes: subglottic suctioning, lgddrication of the tracheal tube culff,

silver-coated endotracheal tube.
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5. Positioning: semi-recumbent positioning, kineticdbéherapy, oscillating beds, prone

positioning, chest physiotherapy.

Step Il

Pubmed

The second step of our search strategy was thdogenent of a more sensitive and exact search
string. Hereby we implemented a selection of thseiously screened MeSH Terms that would

identify as many randomized controlled trials asspiole for each of the five intervention groups.

Due to the heterogeneity of the intervention growesdeveloped a specific search string for
each one with the support of a professional lilarariThis group-specific search string was then
linked to a search string covering the generald§iebf pneumonia, mechanical ventilation,

intensive care unit and randomized controlled.trial
The group-specific search strings were the foll@win
Oral Care:

("anti-bacterial agents"[MAJR] OR "anti-bacteriajemts"[Pharmacological Action] OR Anti-
Bacterial Agents[Text Word] OR ("local anti-infeati agents"[Text Word] OR "anti-infective
agents, local"'[MAJR] OR "anti-infective agents, ai§Pharmacological Action] OR Anti-
Infective Agents, Local[Text Word]) OR ("chlorhexi@"[MeSH Terms] OR Chlorhexidine[Text
Word]) OR ("decontamination"[MeSH Terms] OR Decantaation[Text Word]) OR "antibiotic
prophylaxis"[MAJR] OR ("mouthwashes"[TIAB] NOT Meadk[SB]) OR
"mouthwashes"[MeSH Terms] OR  "mouthwashes"[Phartogémal Action] OR
(mouthwash[TIAB] OR mouthwash/water[TIAB] OR moutash'[TIAB] OR
mouthwashes[TIAB] OR mouthwashes/daily[TIAB] OR nlonasheses[TIAB] OR
mouthwashing[TIAB] OR mouthwashings[TIAB]) OR "tdditrushing"[MeSH Terms] OR
(toothbrush[TIAB] OR toothbrush/chewing[TIAB] OR dthbrush/dentifrice[TIAB] OR
toothbrush/irrigator[TIAB] OR toothbrush/paste[TIABDR toothbrush/toothpaste[TIAB] OR
toothbrush'[TIAB] OR toothbrush's[TIAB] OR toothlstoed[TIAB] OR toothbrusher[TIAB] OR
toothbrushers[TIAB] OR toothbrushes[TIAB] OR toothbhing[TIAB] OR
toothbrushing[TIAB] OR toothbrushings[TIAB]) OR édtifrices"[MeSH Terms] OR ("dental
plague"[MeSH Terms] OR Dental Plaque[Text Word]) QRels"[MeSH Terms] OR Gels[Text
Word]) OR ("chemoprevention"[MeSH Terms] OR Cheneyantion[Text Word]) OR "Anti-
Infective Agents"[MAJR:noexp] OR "Anti-Infective Asmts"[Pharmacological Action] OR
MOUTHRINSE OR MOUTHRINS*[TIAB]) AND (PC[SH]) AND (Humans[Mesh]))
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Gastrointestinal Interventions:

(("antacids"[MeSH Terms] OR "antacids"[PharmacodadjiAction] OR Antacids[Text Word])
OR ("anti-ulcer agents"[MeSH Terms] OR "anti-ulcagents"[Pharmacological Action] OR
Anti-Ulcer Agents[Text Word]) OR "enteral nutritifiMAJR] OR ("peptic ulcer'[MeSH Terms]
OR Peptic Ulcer[Text Word]) OR ("sucralfate"[MeSHrins] OR Sucralfate[Text Word]) OR
("gastrostomy"'[MeSH Terms] OR  Gastrostomy[Text Wprd OR DIGESTIVE
SYSTEM[MAJR:noexp] OR "DIGESTIVE TRACT"[TI] OR "INESTINAL TRACT"[TI])

Airway Management:

(("Nebulizers and Vaporizers"[MeSH] OR NebulizertfiB] OR Vaporizer*[TIAB] OR
"Suction"[MeSH] OR "suction*'[Text Word] OR "Filtteon"[MeSH] OR "Filtration"[Text
Word] OR "Heat"[MeSH] OR "Heat"[Text Word] OR "Hudity"[MeSH] OR "Humidity"[Text
Word] OR "Tracheostomy'[MeSH] OR "Tracheostomy"[TexVord] OR "Ventilators,
Mechanical'[MH] OR MECHANICAL VENTILATOR?*)

ET-Tubes:

Suction[MH] OR Suction* OR Drainage[MH] OR Draing@ext Word] OR Glottisf]MH] OR
Silver[MH] OR Tracheostomy[MH] OR Tracheostomy[TaXbrd] OR Equipment Design[MH]
OR Equipment Contamination[MH])

Positioning:

(ROTATION[MH] OR ROTATION*[TIAB] OR PRONE POSITIONMH] OR (PRONE[TIAB]
AND POSITION[TIAB])) OR SUPINE POSITION[MH] OR SURME[TIAB] OR
POSTURE[MH] OR POSTURE[TIAB] OR POSTURAL[TIAB])

The search string covering the fields of pneumomachanical ventilation, intensive care unit

and randomized controlled trial was the following:

(RANDOMIZED CONTROLLED TRIAL OR RANDOMIZED CONTROLED TRIALS OR
(RANDOM*[TIAB] AND TRIAL*TIAB]) OR RCT[TIAB] OR RC TS[TIAB]) AND
((PNEUMONIA[MH:noexp] OR  BRONCHOPNEUMONIA[MH] OR  “Reumonia,
Aspiration"[MeSH] OR  "Pneumonia, Aspiration"[Text o] OR "Pneumonia,
Bacterial'[MeSH] OR "Pneumonia, Bacterial"[Text Wpr OR "Pneumonia, Ventilator-
Associated"[MeSH] OR ventilator-associated pneumatjiiext Word] OR (PNEUMONIA AND
VENTILATOR ASSOCIATED) OR (PNEUMONIA[TIAB] AND (MECGHANICAL

VENTILATORS OR MECHANICAL VENTILATOR OR MECHANICALVENTILATION OR
5
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ARTIFICIAL RESPIRATION OR MECHANICALLY VENTILATED))) OR ((INTENSIVE
CARE UNITS[MH] OR CRITICAL CARE[MH:noexp] OR INTENB/E CARE[MH:noexp])
AND  RESPIRATION,  ARTIFICIAL[MH]) OR  RESPIRATORY  TRAT
INFECTIONS/PC[MH:noexp] OR RESPIRATORY SYSTEM/MICRIDLOGY[MH:noexp]
OR OROPHARYNX[MH] OR DIGESTIVE SYSTEM[MH:noexp] OR DIGESTIVE
SYSTEM[TIAB])

Embase and Cochrane

Since EMBASE and the Cochrane Library differ froobRled in their content, we repeated our
search strategy in a simplified form in these dasals focusing our search on the following

keywords:
EMBASE database:

((Cventilator associated pneumonia’/exp OR 'vatdil associated pneumonia’) OR ‘ventilator
associated pneumonias’) OR ((‘pneumonia’/exp ORutponia’) AND (('ventilator'/exp OR
'ventilator’) OR (‘'mechanical ventilation'/exp ORethanical ventilation’) OR 'mechanically
ventilated" OR (‘artificial respiration'/exp OR tificial respiration’))) AND ([cochrane
review]/lim OR [meta analysis]/lim OR [randomizedntrolled triall/lim OR [systematic
review]/lim)) OR (((('ventilator associated pneunafexp OR ‘ventilator associated
pneumonia’) OR 'ventilator associated pneumoni@R) ((‘pneumonia’/exp OR 'pneumonia’)
AND ((ventilator/exp OR ‘ventilator') OR (‘mecheal ventilation'/exp OR 'mechanical
ventilation) OR 'mechanically ventilated” OR (fcial respiration/exp OR ‘artificial

respiration’)))) AND (‘randomized controlled triakp))
Cochrane database:

(ventilator OR mechanical ventilation OR mecharycalventilated OR artificial

respiration):ti,ab,kw and (pneumonia):ti,ab,kw.

Email-alerts

All electronic database searches had an activatedilealert that informed us weekly of new
references in our search strategy. We finalizedsearch and the selection of included trials on

October 18 2008, thus potential references after this datenat included in our analysis.
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b) Review methods

We screened the titles and abstracts of the idedtieferences and selected potentially relevant
randomized controlled trials (RCTs) for retrievdlne screening was done by two of the

reviewers (Simona Voegele (SV) and Dr. Serpil Caikaga (SC)). In case there were doubts
about the selection of references a consensus evaged within our own research team that

included Dr. Oliver Radke (OR) and my mentor Drri€ian C. Apfel (CCA)).

Once potentially relevant articles were retrievadeviewer (SV or SC) was responsible for the
data entry of each of the intervention groups. Htmodological questions arose, trials were
discussed with at least one additional reviewemfrour team. Upon completion of the

methodological evaluation and data entry, the tesafl the intervention groups were presented

to the group members, discussed and finalized.

C) Hand search of reference lists

All reference lists of retrieved trials were scregéno identify and evaluate any potentially

relevant RCTSs.

d) Institute of Scientific Indexing (I1SI)

In order to identify recently published trials, watered studies that were published after 2001
into the Cited Reference Search of the Sciencdi@iténdex. Then we performed a prospective
search from the date of publication and identidpublications citing the entered trial.

e) Contacting authors

Authors were contacted for missing data and metlogazal details of their trials which could

not be clarified within our group.

We made at least two attempts to contact an auflitberwise we tried to contact colleagues that
had recently published with them. If these attemydse unsuccessful and essential information

for inclusion was missing, their trial was not undéd.

f) Clinicaltrials.gov

We searched clinicaltrials.gov, a service of th&.WNational Institutes of Health, entering the

term “ventilator-associated pneumonia” in ordeidintify ongoing unpublished studies.
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If a trial was potentially useful, the study cooraliors were contacted via email for preliminary

data to be included into our anaylsis.

s)] Language
We placed no language barriers in order to ensusentork is the most comprehensive review to

date.

Members of our team analysed the English, GermpaniSh, French and Italian articles. All
other languages were translated by physicians tret bealth care workers from our institution.

h) Publication type

Any type of publication, as well as data from unjmlied trials, was eligible for our meta-

analysis, if there was enough information availdablseatisfy our inclusion criteria.
2.2. Inclusion and exclusion criteria

a) Methodological criteria
To be included in our meta-analysis, studies hdsktcandomised, controlled clinical trials.

Blinding was not a mandatory inclusion criteriorcéese it is not possible to blind a majority of

the preventive strategies for VAP, such as posimor airway management.

We utilized allocation concealment as a tool foalgy assessment. Allocation concealment is
considered to have an even greater impact on thsilge introduction of bias to a study than
blinding'®” **®and it is the quality measure applied in the RevMaogram 4.2 of the Cochrane
Collaboration. The score we used (A = adequate uBctear, C = inadequate, D = not used) was

adapted from the RevMan Program 4.2.

We did not rate our studies with a quality scotdnds been shown that quality score ratings are
very inconsistent in their outcomes when compacedach othet®® In view of this fact, some
authorities consider the evaluation of topic-spediktails, such as the definition of pneumonia
in our case, to be of more relevance to the qualitp meta-analysis than a quality sctfe.

Therfore we outlined relevant details of study dguah our study characteristics tables.

b) Patient population

The study population consisted of critically ill idd patients requiring mechanical ventilation

(MV) on an ICU or other special care unit, suctaasspiratory care unit.
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This systematic review included clinical trialsaafults greater than 18 years old; however, trials
that contained some patients under 18 years ofwage included, if their primary focus was

unequivocally on adult patients.

We excluded trials of cardiac surgery patients tuheir expected short duration on MV, unless
the trial reported abstractable pneumonia data saftyroup of patients requiring MV for more
than 48 hours.

Trials of transplant patients were also excludedesitheir condition, under immunosuppressive
medication, is rather unique and can not be condp#wethat of other critically ill trauma,

medical or surgical patients.

C) Outcomes

To be included pneumonia had to be either a prirnagysecondary outcome of a study. If a trial
studied a preventive strategy for VAP but only mé@d on one of our secondary outcomes, it was

not selected for our meta-analysis.

d) Mechanical ventilation

If less than 100% of patients were mechanicallytiieged, we only included the trial if it was
fair to assume that MV was evenly distributed bemvdreatment and control groups. We

assumed this to be the case when more than 90%sedddV in a study.

For inclusion at least 90% of the study patientsregatment and control groups had to be
mechanically ventilated for at least 48 hours. Weuaned that intubation was equal to MV,

unless noted otherwise.

e) Definition of VAP

Currently there is no “gold standard” criteria lsafir the diagnosis of VAP: ?3*We therefore
accepted a trial if the definition of VAP coincidedth international standards, as suggested by
the Centers for Disease Control and Prevention (CB@ American Thoracic Society or other

feasible authorities and guideling&®! 342

If there was more than one definition for pneumogigen in a trial, we chose the most

frequently used and abstracted the corresponditag da
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2.3. Primary and secondary outcomes

The primary outcome of our meta-analysis was to&lénce of ventilator-associated pneumonia
(VAP).

Even though pneumonia cases were not explicitigrigsd as VAP, we considered them to be

ventilator-associated if at least 90% of patiengsewentilated for more than 48 hours.
Secondary outcomes were mortality, the duratiokl'éfand length of ICU stay.

All results are outlined in tables and figures loé torresponding paragraph. We did not outline

results in figures when only one study was avaddbl a preventive technique.

The secondary outcomes, duration of MV and thettenfj ICU stay, are outlined in the results
tables, but are only explicitly mentioned in thgtteé their outcomes contribute significantly to

the character of a preventive strategy.

2.4. Data abstraction and statistics

We used the review manager program 4.2 (RevMangf.#)e Cochrane Collaboration for our

statistical analysis.

Overall estimates of dichotomous data are expresseddds ratios and 95% confidence
intervals, overall estimates of continuous dataweghted mean differences and 95% confidence
intervals. The fixed effects model was used forlysis if the test for heterogeneity was not

significant at the level of p=0.05, the random effemodel if it was statistically significant.

The weight we assigned to the studies through #dvRRn program was calculated as follows:
1/SD (standard deviation).

We grouped trials of a preventive strategy whensibs and calculated summary effect
estimates. Subgroups were formed to emphasizdeaatite in the intervention strategy or when

studies were not comparable.

We abstracted dichotomous data of pneumonia andahtyprrates, as well as the mean and
standard deviation for the continuous outcomes dilkgation of MV and length of ICU stay. If
outcomes were reported differently and data coudd e integrated in our analysis, we

expressed this by brackets around outcomes irttldg sharacteristics tables.

Since studies reported mortality rates for différeme intervals, e.g. ICU mortality, hospital
mortality, 60-day mortality, we always abstractbd tata of the longest time interval, assuming

that the occurrence of death is a constant pramesstime.

10
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In studies with more than one study group, we @githe control group by the number of study
groups such that every study patient was includdgl once in our analysis. If some of the
groups were out of our focus of interest, we onlggrated some of the groups to maintain the

power of our interest groups.

We controlled for potential confounders, especidliyjore than one intervention was studied in

a trial.

2.5. Adjustments to predefined methods

As mentioned above, included studies had a protihatlexpected the patients to be ventilated
for at least 48 hours. We also considered studids am average MV duration of clearly more
than 48 hours even if it was not predefined in shely’s protocol or if it was appropriate to
assume secondary to the critically ill status ef $tudy population. However, if the criterion was
not mentioned or it seemed unlikely, that the waajority of patients were ventilated over 48

hours, these studies had to be excluded.

11
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3. Results

3.1. Search results
Figure 1 illustrates the process of our searched@ction process over time.

We reviewed the results of our PubMed search feryesingle intervention group, totalling in
1181 refrences. We discarded trials not in accarelamth our inclusion criteria and retrieved
190 potentially relevant articles for closer evéilua Duplicates that were identified due to
similarities in the general part of the group-speaearch strings were discarded.

Our EMBASE search led to 403 results, with 84 ptiadig relevant references. Sixty-four of the
84 were discarded as duplicates. Thus our EMBASIECheadded 20 potentially relevant articles

to our final selection of articles.

The Cochrane search resulted in 364 results, with dotentially relevant references. Eighty-
seven of the 109 were identified as duplicateschschrded. Twenty-two were added to our final

subset of articles.

In total, the search of electronic databases ifledtil948 references, of which 232 were

retrieved for analysis.

At the time of our search, clinicaltrials.gov refgal 24 ongoing studies in the patient recruitment
phase, of which 9 were chosen for follow up. Theresponding authors were contacted, but

none could provide usable data for our analysis.

Twenty-seven trials were additionally identified Hye hand search of the reference lists of

included articles.

12
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Figure 1: Trial-flow
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3.2. Relevant trials

In total, 169 studies met our inclusion criteriadanere included in our analysis. Detailed
information of the trials are outlined in the studyaracteristics tables in the appendix. Not all
preventative strategies mentioned in our primatgrirention groups were studied by RCTs and
therefore do not appear in the final analysis. @osely, additional methods for the prevention
of VAP were identified during the search procesd aere added to the according intervention
groups. A sixth group, “Non-classifiable preventisgategies” was created for methods not

matching any of the other intervention groups.

3.3. Excluded trials

Ninety trials were excluded from our anaylsis fogthodological reasons or if they fulfilled one
or more exclusion criteria. The specific reasonsfalusion can be inferred from the flow chart

of our search and from the table of excluded tirakhe appendix.
3.4. Oral care
a) Antiseptic decontamination

Pneumonia

Overall the results for oral care with an antiseptjent show a statistically significant reduction
of pneumonia rates (OR=0.60, 0.45-0.82) (Figur€rable 1).

Five trials administering chlorhexidine to the balccavity for decontamination met our
inclusion criterig'® 18 19 179 33%ha gyerall results show a significant reductidrVAP rates
(OR =0.57, 0.36 — 0.89).

Another trial achieved a significant reduction dfetincidence of pneumonia with the
administration of povidone-iodine instead of chioxitine (OR = 0.14, 0.04 — 0.58f

The results of a decontamination regimen with isegan a large study failed to reach statistical
significance, although the odds ratio was numdsidass than one (OR = 0.76, 0.49 — 1.18).

14
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Figure 2: Oral Care: Antiseptic decontamination, pneumonia outcomes

Review: Oral Care
Comparison: 01 Antiseptic decontamination
Outcome: 01 Pneumonia
Study Decontamination Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Chlorhexidine
Bopp 2006 0/2 1/3 ¢ 0.97 0.33 [0.01, 12.82]
Fourrier 2000 4/ 30 11/ 30 —_— 8.60 0.27 [0.07, 0.96]
Tantipong 2008 5/58 10/ 52 — = 8.69 0.40 [0.13, 1.25]
Fourrier 2005 13/ 114 12/ 114 9.59 1.09 [0.48, 2.51]
Koeman 2006 13/ 127 23/ 130 — 18.41 0.53 [0.26, 1.10]
Subtotal (95% ClI) 331 329 < 46.27 0.57 [0.36, 0.89]
Total events: 35 (Decontamination), 57 (Control)
Test for heterogeneity: Chi2 = 4.22, df =4 (P = 0.38), 12=5.1%
Test for overall effect: Z = 2.46 (P = 0.01)
02 Povidone-iodine
Seguin 2006 3/ 36 12/31 PR T 10. 67 0.14 [0.04, 0.58]
Subtotal (95% CI) 36 31 -l 10. 67 0.14 [0.04, 0.58]
Total events: 3 (Decontamination), 12 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.74 (P = 0.006)
03 Iseganan
Kollef 2006 45/ 282 57/ 284 43. 07 0.76 [0.49, 1.16]
Subtotal (95% Cl) 282 284 ﬁ 43. 07 0.76 [0.49, 1.16]
Total events: 45 (Decontamination), 57 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.27 (P = 0.20)
Total (95% Cl) 649 644 ‘ 100. 00 0.60 [0.45, 0.82]
Total events: 83 (Decontamination), 126 (Control)
Test for heterogeneity: Chi2 = 9.42, df = 6 (P = 0.15), 2= 36.3%
Test for overall effect: Z = 3.29 (P = 0.001)

0.01 0.1 1 10 100

Favours decontamin.  Favours control

Mortality

Overall, there was no evidence for an effect off cee with anitiseptics on mortality rates
(OR=1.14, 0.85-1.53) (Figure 3) (Table 1).

This was also true for the results of the subgrpapwhich none reached statistical significance.
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Figure 3: Oral Care: Antiseptic decontamination, mortality outcomes

Review: Oral Care
Comparison: 01 Antiseptic decontamination
Outcome: 02 Mortality
Study Decontamination Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Chlorhexidine
Bopp 2006 0/2 0/3 Not estimabl e
Koeman 2006 0/ 127 0/ 130 Not estimabl e
Fourrier 2000 3/30 7130 —_— 7.60 0.37 [0.08, 1.58]
Fourrier 2005 31/114 24/ 114 <+ 21.09 1.40 [0.76, 2.58]
Subtotal (95% Cl) 273 277 28.70 1.13 [0.65, 1.96]
Total events: 34 (Decontamination), 31 (Control)
Test for heterogeneity: Chi2 = 2.77, df = 1 (P = 0.10), 2= 63.9%
Test for overall effect: Z = 0.42 (P = 0.67)
02 Povidone-iodine
Seguin 2006 6/ 36 10/ 31 —_— 10.81 0.42 [0.13, 1.33]
Subtotal (95% ClI) 36 31 s 10. 81 0.42 [0.13, 1.33]
Total events: 6 (Decontamination), 10 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.47 (P = 0.14)
03 Isaganan
Kollef 2006 80/ 362 63/ 347 60. 49 1.28 [0.88, 1.85]
Subtotal (95% Cl) 362 347 : 60. 49 1.28 [0.88, 1.85]
Total events: 80 (Decontamination), 63 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z=1.31 (P = 0.19)
Total (95% CI) 671 655 . 100. 00 1.14 [0.85, 1.53]
Total events: 120 (Decontamination), 104 (Control)
Test for heterogeneity: Chi2 = 6.00, df = 3 (P = 0.11), 2= 50.0%
Test for overall effect: Z = 0.88 (P = 0.38)

0.01 0.1 1 10 100

Favoursdecontamin.

Table 1: Outcomes Oral Care: Antiseptic decontamination

Favours control

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay

Control OR OR WMD WMD

group [95% CI] [95% CI] [95% CI] [95% CI]
Bopp Chlorhexidine 2/ 0.33 Not estimable
2006 3 [0.01, 12.82]
Fourrier Chlorhexidine 30/ 0.27 0.37 -5.00 -6.00
2000 30 [0.07, 0.96] [0.08, 1.58] [-13.35, 3.35] [-14.89, 2.89]
Fourrier Chlorhexidine 114/ 1.09 1.40 1.10 -0.70
2005 114 [0.48, 2.51] [0.76, 2.58] [-1.16, 3.36] [-2.95, 1.55]
Koeman Chlorhexidine 127/ 0.53 Not estimable 2.21 1.32
2006 130 [0.26, 1.10] [-0.30, 4.72] [-2.38, 5.02]
Tantipong Chlorhexidine 58/ 0.40
2008 52 [0.13, 1.25]
Subtotal: 0.57 0.13 1.34 -0.42

[0.36, 0.89] (f) [0.65, 1.96] (f) [-0.31, 2.99] (f) [-2.29, 1.46] (f)

Seguin Povidone-iodine 36/ 0.14 0.42 -1.00 1.00
2006 31 [0.04, 0.58] [0.13, 1.33] [-4.36, 2.36] [-5.23, 7.23]
Kollef Iseganan 282/ 0.76 1.28
2006 284 [0.49, 1.16] [0.88, 1.85]
Totals 0.60 114 0.89 -0.30

[0.45, 0.89] (f)

[0.85, 1.53] (f)

[-0.59, 2.37] (f)

[-2.09, 1.50] (f)

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.
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3.5. Airway management

a) Tracheostomy

Pneumonia

Seven trials reported on the incidence of pneumongatients with a tracheostomy performed
early (days 1-8 of MV) compared to patients undergoprolonged intubation or late

19, 34, 45, 291, 298, 302, 330

tracheostomy performed after day 8 of MV (Figuré®ble 2).

Overall the results do not show a statisticallyngigant reduction of VAP, although the odds
ratio is numerically less than one (OR = 0.66, 3.3138), which is also true for the early versus

late tracheostomy subgroup analysis (OR = 0.44 02104).

Figure 4: Airway M anagement: Tracheostomy, pneumonia outcomes.

Review: Airway Management
Comparison: 01 Tracheostomy
Outcome: 01 Pneumonia
Study Treatment Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
01 Early tracheostomy vs prolonged intubation
Bouderka 2004 18/ 31 19/31 —_— 18.09 0.87 [0.32, 2.41]
Sugerman 1997 26/ 53 32/ 56 — 21.33 0.72 [0.34, 1.54]
Blot 2007 41/ 61 37/ 62 —Su— 21.56 1.39 [0.66, 2.89]
Subtotal (95% CI) 145 149 ’ 60. 98 0.98 [0.61, 1.56]
Total events: 85 (Treatment), 88 (Control)
Test for heterogeneity: Chiz=1.52, df = 2 (P = 0.47), 2= 0%
Test for overall effect: Z = 0.09 (P = 0.93)
02 Early tracheostomy vs late tracheostomy
Saffle 2002 21/ 21 22/ 23 4.36 2.87 [0.11, 74.28]
Barquist 2006 28/ 29 28/ 31 D . —— 7.42 3.00 [0.29, 30.62]
Rodriguez 1990 40/ 51 53/ 55 D — 12. 36 0.14 [0.03, 0.65]
Rumbak 2004 3/ 60 15/ 60 B — 14.87 0.16 [0.04, 0.58]
Subtotal (95% CI) 161 169 ‘ 39.02 0.44 [0.10, 2.04]
Total events: 92 (Treatment), 118 (Control)
Test for heterogeneity: Chiz=7.52, df = 3 (P = 0.06), 2= 60.1%
Test for overall effect: Z = 1.05 (P = 0.30)
Total (95% Cl) 306 318 ‘ 100. 00 0.66 [0.31, 1.38]
Total events: 177 (Treatment), 206 (Control)
Test for heterogeneity: Chi2 = 14.99, df = 6 (P = 0.02), 12 = 60.0%
Test for overall effect: Z=1.10 (P = 0.27)
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Mortality

Although the second subgroup analysis, comparimty @dth late tracheostomy, resulted in a
significant reduction of mortality (OR = 0.43, 0.2®.72). This could not be confirmed by the
overall assessment (OR = 0.80, 0.45 — 1.42) (Figu(@able 2).
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Figure 5: Airway Management: Tracheostomy, mortality outcomes.

Review: Airway Management
Comparison: 01 Tracheostomy
Outcome: 02 Mortality
Study Treatment Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
01 Early tracheostomy vs prolonged intubation
Bouderka 2004 12/31 7131 e 13.57 2.17 [0.71, 6.57]
Sugerman 1997 13/ 53 11/ 59 —T 16. 33 1.42 [0.57, 3.51]
Blot 2007 16/ 61 15/ 62 _— 17.72 1.11 [0.49, 2.52]
Subtotal (95% CI) 145 152 < 47.62 1.41 [0.83, 2.40]
Total events: 41 (Treatment), 33 (Control)
Test for heterogeneity: Chi2 = 0.90, df = 2 (P = 0.64), 2= 0%
Test for overall effect: Z =1.27 (P = 0.21)
02 Early tracheostomy vs late tracheostomy
Barquist 2006 2/ 29 5/31 — 7.89 0.39 [0.07, 2.16]
Saffle 2002 4/ 21 6/ 23 — 10. 14 0.67 [0.16, 2.79]
Rodriguez 1990 9/ 51 13/ 55 — 15. 67 0.69 [0.27, 1.79]
Rumbak 2004 19/ 60 37/ 60 — 18. 69 0.29 [0.14, 0.61]
Subtotal (95% CI) 161 169 <o 52.38 0.43 [0.26, 0.72]
Total events: 34 (Treatment), 61 (Control)
Test for heterogeneity: Chiz = 2.43, df = 3 (P = 0.49), 2= 0%
Test for overall effect: Z = 3.18 (P = 0.001)
Total (95% Cl) 306 321 3 100. 00 0.80 [0.45, 1.42]
Total events: 75 (Treatment), 94 (Control)
Test for heterogeneity: Chiz = 13.13, df = 6 (P = 0.04), 12 = 54.3%
Test for overall effect: Z = 0.77 (P = 0.44)
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The length of ICU stay, reported by four trials,swagnificantly reduced by early tracheostomy
(WMD: -8.96, -17.53 - -0.39) (Table 2).

Table 2: OutcomesAirway Management: Tracheostomy

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay

Control  OR OR WMD WMD

group [95% CI] [95% CI] [95% CI] [95% CIl]
Blot Early Tracheostomy 61/ 1.39 1.11
2007 vs. prolonged intubation 62 [0.66, 2.89] [0.49, 2.52]
Bouderka  Early tracheostomy 31/ 0.87 2.17 -3.00
2004 vs. prolonged intubation 31 [0.32, 2.41] [0.71, 6.57] [-7.53, 1.53]
Sugerman  Early tracheostomy 53/ 0.72[0.42,1.54] 1.42 -4.00
1997 vs. prolonged intubation 59 [0.57, 3.51] [-4.74, -3.26]
Subtotal 0.98 141

[0.61, 1.56] (r) [0.83, 2.40] ()
Saffle Early tracheostomy 21/ 2.87 0.67 4.10 1.10
2002 vs. late tracheostomy 23 [0.11, 74.28] [0.16, 2.79] [1.23, 6.97] [-3.14, 5.34]
Barquist Early 29/ 3.00 0.39
2006 vs. late tracheostomy 31 [0.29, 30.62] [0.07, 2.16]
Rodriguez  Early 51/ 0.14 0.69 -20.00 -21.00
1990 vs. late tracheostomy 5 [0.03, 0.65] [0.27,1.79] [-20.84, -19.16] [-22.09, -19.91]
Rumbak Early 60/ 0.16 0.29 -9.80 -11.40
2004 vs. late tracheostomy 60 [0.04, 0.58] [0.14, 0.61] [-11.48, -8.12] [-12.42, -10.38]
Subtotal 0.44 0.43 -8.64 -10.71
[0.10, 2.04] () [0.26, 0.72] () [-20.63, 3.35] (r) [-19.43, -1.99] ()

Total: 0.66 0.80 -7.27 -8.96

[0.31,1.38] (r)  [0.45,1.42] (r)

[-17.70, 3.17] (r)

[-17.53, -0.39] (1)

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.
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b) Weaning

Pneumonia

Nine trials studied the influence of weaning praged changes on pneumonia, either by
implementing a weaning protoéd or by non-invasive instead of invasive NP8 9 110128253,
345.33(Figure 6) (Table 3). Of the trials implementingnrinvasive MV, in all trials but twi' *°

patients received invasive MV before randomizatmnon-invasive or invasive MV.

In the subgroup implementing a weaning protocoldtids ratio was numerically less than one,
but the result did not achieve statistical sigaifice (OR = 0.53, 0.24 — 1.14), whereas non-
invasive MV resulted in a significant reduction\&P rates (OR = 0.14, 0.07 — 0.25).

Figure 6: Airway M anangement: Weaning, pneumonia outcomes.

Review: Airway Management
Comparison: 02 Weaning
Outcome: 01 Pneumonia
Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Weaning protocol
Marelich 2000 11/ 166 20/ 169 —.—. 100. 00 0.53 [0.24, 1.14]
Subtotal (95% Cl) 166 169 ‘. 100. 00 0.53 [0.24, 1.14]
Total events: 11 (Treatment), 20 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z=1.62 (P = 0.10)
02 Non-invasive vs. invasive MV
Girault 1999 1/17 1/ 16 _— 1.47 0.94 [0.05, 16.37]
Chen 2001 0/ 12 7112 —— 10. 90 0.03 [0.00, 0.61]
Conti 2002 3/23 9/ 26 —_— 1 11.10 0.28 [0.07, 1.22]
Nava 1998 0/ 25 7125 —— 11.12 0.05 [0.00, 0.90]
Antonelli 1998 1/ 32 8/32 —_— 11.71 0.10 [0.01, 0.83]
Ferrer 2003 5/21 13/ 22 —_— 14.62 0.22 [0.06, 0.81]
Wang 2005 3/ 47 12/ 43 —. 17.73 0.18 [0.05, 0.68]
Trevisan 2008 1/ 28 17/ 37 — 21.35 0.04 [0.01, 0.36]
Subtotal (95% ClI) 205 213 o 100. 00 0.14 [0.07, 0.25]
Total events: 14 (Treatment), 74 (Control)
Test for heterogeneity: Chi2 = 6.01, df = 7 (P = 0.54), 2= 0%
Test for overall effect: Z = 6.31 (P < 0.00001)
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Mortality

Mortality was significantly reduced by non-invasiv®/ as opposed to invasive MV (OR =0.41,
0.24 — 0.71) (Table 3). The implementation of a mieg protocol did not lead to a benefit of
survival (OR =1.81, 0.81 — 4.09).
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Figure 7: Airway M anagement: Weaning, mortality outcomes.

Review: Airway Management
Comparison: 02 Weaning
Outcome: 02 Mortality
Study Treatment Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
01 Weaning protocol
Marelich 2000 17/ 166 10/ 169 --.— 100. 00 1.81 [0.81, 4.09]
Subtotal (95% CI) 166 169 <‘ 100. 00 1.81 [0.81, 4.09]
Total events: 17 (Treatment), 10 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.44 (P = 0.15)
02 Non-invasive vs invasive MV
Girault 1999 0/ 17 2/ 16 +—— 4.83 0.17 [0.01, 3.73]
Chen 2001 0/12 3/12 — 4.92 0.11 [0.00, 2.36]
Wang 2005 1/ 47 7143 —_——— 8. 65 0.11 [0.01, 0.95]
Nava 1998 2/ 25 7125 _— 11.78 0.22 [0.04, 1.21]
Ferrer 2003 6/21 13/ 22 _ 15. 89 0.28 [0.08, 0.99]
Conti 2002 6/23 12/ 26 _ 16. 63 0.41 [0.12, 1.38]
Trevisan 2008 9/ 28 10/ 37 —— 18. 28 1.28 [0.44, 3.75]
Antonelli 1998 10/ 32 16/ 32 — 19.01 0.45 [0.16, 1.26]
Subtotal (95% Cl) 205 213 ‘ 100. 00 0.41 [0.24, 0.71]
Total events: 34 (Treatment), 70 (Control)
Test for heterogeneity: Chi2 = 7.69, df = 7 (P = 0.36), 12=9.0%
Test for overall effect: Z = 3.22 (P = 0.001)
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Duration of MV/ Length of ICU stay

While the duration of MV was not significantly inftnced (WMD = -1.88, -6.33 - 2.56), the
length of ICU stay was significantly reduced in tireup of patients receiving non-invasive MV
(WMD=-4.78, -6.90 - -2.67) (Table 3). It was nosassed by the trial of protocol weaning.

Table 3: OutcomesAirway M anagement: weaning

Study ID Intervention Study/ Pneumonia Mortality Duration of Length of ICU
Control OR OR MV stay
group [95% Cl] [95% Cl] WMD WMD
[95% CI] [95% CI]
Marelich Weaning Protocol 166/ 0.53 1.81
2000 169 [0.24, 1.14] [0.81, 4.09]
Antonelli Non-invasive 32/ 0.10 0.45 -3.00 -7.00
1998 Vs. invasive MV 32 [0.01, 0.83] [0.16, 1.26] [-5.67, -0.33] [-13.37, -0.63]
Chen Non-invasive 12/ 0.03 0.11 -8.00
2001 vs. invasive MV 12 [0.00, 0.61] [0.00, 2.36] [-15.22, -2.18]
Conti Non-invasive 23/ 0.28 0.41 1.00 1.00
2002 Vvs. invasive MV 26 [0.07, 1.22] [0.12, 1.38] [-10.20, 12.20] [-9.93, 11.93]
Ferrer Non-invasive 21/ 0.22 0.28 -8.70 -10.90
2003 vs. invasive MV 22 [0.06, 0.81] [0.08, 0.99] [-15.22,-2.18] [-17.44, -4.36]
Girault Non-invasive 17/ 0.94 0.17 8.08 -1.71
1999 Vvs. invasive MV 16 [0.05, 16.37] [0.01, 3.73] [5.49, 10.67] [-6.63, 3.21]
Nava Non-invasive 25/ 0.05 0.22 -6.40 -8.90
1998 vs. invasive MV 25 [0.00, 0.90] [0.04, 1.21] [-11.74,-1.06] [-14.67,-3.13]
Trevisan Non-invasive 28 0.04 1.28 -2.39 -1.90
2008 Vs. invasive MV 37 [0.01, 0.36] [0.44, 3.75] [-7.38, 2.60] [-7.36, 3.56]
Wang Non-invasive 47/ 0.18 0.11 2.00 -4.00
2005 vs. invasive MV 43 [0.05, 0.68] [0.01, 0.95] [-0.86, 4.86] [-8.01, 0.01]
Subtotal: 0.14 0.41 -1.88 -4.78
[0.07, 0.25] (f) [0.24, 0.71] (r) [-6.33, 2.56](r) [-6.90, -2.67] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.
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C) Closed vs. open endotracheal suctioning

Pneumonia

Nine trials utilizing a closed rather than an omemlotracheal suction catheter system met our
inclusion criterig®®: 8 165 207 216, 220, 280, 339, e monia rates were not significantly different,
although the odds ratio was numerically less thaa (@R = 0.83, 0.62 — 1.11) (Figure 8) (Table
4).

Figure 8: Airway Management: Closed vs. open endotracheal suctioning, pneumonia outcomes.

Review: Airway Management
Comparison: 01 Closed vs. open endotracheal suctioning
Outcome: 01 Pneumonia
Study Closed Open OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Johnson 1994 8/ 16 10/ 19 —_— 4. 47 0.90 [0.24, 3.41]
Rabitsch 2004 0/12 5/12 +— 5.17 0.05 [0.00, 1.13]
Topeli 2004 13/ 41 9/ 37 —— 6. 31 1.44 [0.53, 3.92]
Zeitoun 2003 7123 11/ 24 —_— 7.32 0.52 [0.16, 1.71]
Combes 2000 4/ 50 9/ 54 _ 7.78 0.43 [0.12, 1.51]
Deppe 1990 12/ 46 11/38 —_— 8.70 0.87 [0.33, 2.27]
Lee 2004 2/32 14/ 38 —_— 11.72 0.11 [0.02, 0.55]
Lorente 2006 | 32/ 112 30/ 101 — 22.01 0.95 [0.52, 1.71]
Lorente 2005 42/ 144 41/ 164 26.53 1.24 [0.75, 2.04]
Total (95% CI) 476 487 I 100. 00 0.83 [0.62, 1.11]
Total events: 120 (Closed), 140 (Open)
Test for heterogeneity: Chiz = 14.59, df = 8 (P = 0.07), 12 = 45.2%
Test for overall effect: Z =1.27 (P = 0.21)
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Mortality

In those studies with abstractable mortality datadhoice of the suctioning system did not have
an impact on mortality (OR = 0.90, 0.53 — 1.54)o(€24).

Figure 9: Airway Management: Closed vs. open endotracheal suctioning, mortality outcomes.

Review: Airway Management

Comparison: 01 Closed vs. open endotracheal suctioning

Outcome: 03 Mortality

Study Closed Open OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Deppe 1990 12/ 46 11/ 38 31.19 0.87 [0.33, 2.27]
Topeli 2004 27/ 41 25/ 37 31.43 0.93 [0.36, 2.38]
Combes 2000 13/ 50 15/ 54 37.38 0.91 [0.38, 2.18]
Total (95% CI) 137 129 100. 00 0.90 [0.53, 1.54]

Total events: 52 (Closed), 51 (Open)
Test for heterogeneity: Chiz = 0.01, df = 2 (P = 0.99), 2= 0%
Test for overall effect: Z=0.38 (P = 0.71)
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Duration of MV/ Length of ICU stay

In the two trials assessing the duration of MV, tinee period was significantly increased with
the closed suctioning technique (WMD = 0.68, 0.29.66) (Table 4). Although it should be
noted that one of the two studi&swas weighted with 99.47%, hence resembling a |pageof

this outcome.
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Results for the length of ICU stay were not sigpaifit.

Table 4: OutcomesAirway Management: closed vs. open endotracheal suctioning

Study ID  Intervention Study Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [95% CI] [95% CI] [95% CI] [95% CI]
Combes  Closed vs. open endotracheal 50/ 0.43 0.91 -3.60 -4.30
2000 suctioning 54 [0.12, 1.51] [0.38, 2.18] [-8.92,1.72] [-10.10, 1.50]
Deppe Closed vs. open endotrachea 46/ 0.87 0.87
1990 suctioning 38 [0.33, 2.27] [0.33, 2.27]
Johnson  Closed vs. open endotracheal 16/ 0.90
1994 suctioning 19 [0.24, 3.41]
Lee Closed vs. open endotrachea 32/ 0.11 -13.10
2004 suctioning 38 [0.02, 0.55] [-20.41, -5.79]
Lorente Closed vs. open endotracheal 144/ 1.24
2005 suctioning 164 [0.75, 2.04]
Lorente Closed vs. open endotrachea 112/ 0.95
2006 | suctioning 101 [0.52, 1.71]
Rabitsch  Closed vs. open endotracheal 12/ 0.05
2004 suctioning 12 [0.00, 1.13]
Topeli Closed vs. open endotrachea 41/ 1.44 0.93 0.70 0.80
2004 suctioning 37 [0.53, 3.92] [0.36, 2.38] [0.31, 1.09] [0.24, 1.36]
Zeitoun Closed vs. open endotracheal 23/ 0.52
2003 suctioning 24 [0.16, 1.71]
Total: 0.83 0.90 0.68 -4.86

[0.62, 1.11] (f) [0.53,154] (f)  [0.29,1.06] (f))  [-12.59, 2.87] ()

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.

d) Daily vs. no daily changes of in-line suction catiees

Pneumonia

Two trials studied the effects of a change of meli{closed) suction catheters every 24 hours
versus every 48 houfsand versus no routine chantf8sVAP rates were not significantly
different between the groups (OR = 0.91, 0.59 B)1(Bigure 10) (Table 5).

Figure 10: Airway Management: Daily vs. no daily changes of in-line suction catheters.

Review: Airway Management
Comparison: 02 Daily vs. no daily changes of in-line suction catheters
Outcome: 01 Pneumonia

Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI

01 daily vs. no routine changes
Kollef 1997 39/ 263 38/ 258 74.70 1.01 [0.62, 1.64]

Subtotal (95% Cl) 263 258 74.70 1.01 [0.62, 1.64]
Total events: 39 (Treatment), 38 (Control)
Test for heterogeneity: not applicable

Test for overall effect: Z=0.03 (P = 0.97)

02 24hr vs. 48hr change
Darvas 2003 10/ 53 13/ 48 —. 25. 30 0.63 [
Subtotal (95% CI) 53 48 ‘ 25. 30 0.63 [
Total events: 10 (Treatment), 13 (Control)
Test for heterogeneity: not applicable

Test for overall effect: Z = 0.98 (P = 0.33)

. 1.60]
, 1.60]

ee
NN
oo

Total (95% CI) 316 306 ‘ 100. 00 0.91 [0.59, 1.40]
Total events: 49 (Treatment), 51 (Control)
Test for heterogeneity: Chiz = 0.78, df = 1 (P = 0.38), I2= 0%
Test for overall effect: Z = 0.42 (P = 0.67)
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Results
Mortality

The frequency of catheter changes had no impaotantality rates (OR=0.94, 0.66-1.26) (Table
5).

Table 5: OutcomesAirway Management: daily vs. no daily changes of in-line suction catheters

Study Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
ID Control OR OR WMD stay
group [95% CI] [95% CI] [95% CI] WMD
[95% CI]

Kollef Daily 263/ 1.01 0.92 -0.30 0.10

1997 vs. no routine change of suction 258 [0.62, 1.64] [0.62, 1.36] [-1.73,1.13] [-1.43,1.63]

catheters

Darvas  Dalily 53/ 0.63 1.04 1.28 121

2003 vs. 48-h change of suction cathetel 48 [0.25, 1.60] [0.45, 2.41] [-2.09, 4.65] [-3.26, 5.68]
Total: 0.91 0.94 -0.06 0.22

[0.59,1.40] (f)  [0.66,1.34] (f)  [-1.38,1.26] (f) [-1.23, 1.66] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

e) Heat and moisture exchanger (HME) vs. heated hunfieli (HH)

Pneumonia

Eleven trials assessed the influence of differezdtrand moisture exchangers (HME) versus
heated humidifiers (HH) on the development of pnemiay’? 43 % 176 217. 233, 238, 28jnce one

trial*? contributed two comparisons to this group twelatadsets were evaluable.

Neither the overall results, nor the subgroup tesulevealed a significant difference in
pneumonia rates in patients ventilated with a HME®B (OR = 0.87, 0.69 — 1.11) (Figure 11)
(Table 6).
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Figure 11: Airway M anagement: Heat and moisture exchanger (HME) vs. heated humidifier (HH),

pneumonia outcomes.

Review: Airway Management
Comparison: 03 Heat and moisture exchanger (HME) vs. heated humidifier (HH)
Outcome: 01 Pneumonia
Study HME HH OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Hydrophobic HME vs. HH
Martin 1990 2/31 8/ 42 — = 4.33 0.29 [0.06, 1.49]
Roustan 1992 5/55 9/ 61 —_— 5.29 0.58 [0.18, 1.84]
Subtotal (95% Cl) 86 103 - 9.62 0.45 [0.18, 1.14]
Total events: 7 (HME), 17 (HH)
Test for heterogeneity: Chi2 = 0.45, df = 1 (P = 0.50), 2= 0%
Test for overall effect: Z = 1.68 (P = 0.09)
02 Hygroscopic HME vs. HH
Boots 1997 A 3/21 7141 RN S 2.77 0.81 [0.19, 3.51]
Dreyfuss 1995 6/ 61 8/ 70 — 4.58 0.85 [0.28, 2.59]
Memish 2001 14/ 123 19/ 120 — 11.61 0.68 [0.33, 1.43]
Subtotal (95% Cl) 205 231 ‘ 18. 96 0.74 [0.42, 1.31]
Total events: 23 (HME), 34 (HH)
Test for heterogeneity: Chi2 = 0.11, df = 2 (P = 0.94), 2= 0%
Test for overall effect: Z =1.03 (P = 0.30)
03 Hygroscopic HME vs. HH with heated wire circuits
Lorente 2006 11 21/ 53 8/51 —_— 3.35 3.53 [1.39, 8.98]
Boots 2006 A 16/ 95 13/ 94 —— 7.40 1.26 [0.57, 2.79]
Boots 2006 B 16/ 95 14/ 97 —— 7.85 1.20 [0.55, 2.62]
Kirton 1997 9/ 140 22/ 140 _— 14.03 0.37 [0.16, 0.83]
Lacherade 2005 47/ 185 53/ 184 27.01 0.84 [0.53, 1.33]
Subtotal (95% ClI) 568 566 _: 59. 64 0.98 [0.73, 1.32]
Total events: 109 (HME), 110 (HH)
Test for heterogeneity: Chiz = 13.83, df = 4 (P = 0.008), 2= 71.1%
Test for overall effect: Z = 0.13 (P = 0.90)
04 Hygroscopic condenser humidifier vs. HH with heated wire circuits
Branson 1996 A 3/ 49 _— 2.02 0.90 [0.17, 4.69]
Kollef 1998 15/ 163 15/ 147 —_— 9.76 0.89 [0.42, 1.89]
Subtotal (95% CI) 217 196 < 11.78 0.89 [0.45, 1.77]
Total events: 18 (HME), 18 (HH)
Test for heterogeneity: Chiz = 0.00, df =1 (P = 0.99), 2= 0%
Test for overall effect: Z=0.32 (P = 0.75)
Total (95% CI) 1076 1096 ‘ 100. 00 0.87 [0.69, 1.11]
Total events: 157 (HME), 179 (HH)
Test for heterogeneity: Chiz = 17.04, df = 11 (P = 0.11), 2= 35.4%
Test for overall effect: Z =1.11 (P = 0.27)
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Overall, there was no effect on mortality (OR =31.0.82 — 1.28). Three of the subgroups had
no significant impact on mortality, while the sedosubgroup which compared a hygroscopic
HME with a HH with non-heated wires, showed a digant increase of mortality in the HME
group (OR =1.56, 1.00 — 2.44) (Figure 12) (Table 6
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Figure 12: Airway Management: Heat and moisture exchanger (HME) vs. heated humidifier (HH), mortality

outcomes.

Review: Airway Management

Comparison: 03 Heat and moisture exchanger (HME) vs. heated humidifier (HH)
Outcome: 03 Mortality
Study HME HH OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 hygroscopic HME vs. HH
Martin 1990 7131 11/ 42 —_— 4.68 0.82 [0.28, 2.44]
Roustan 1992 10/ 55 15/ 61 — 7.53 0.68 [0.28, 1.68]
Subtotal (95% Cl) 86 103 - 12.21 0.74 [0.37, 1.47]
Total events: 17 (HME), 26 (HH)
Test for heterogeneity: Chi2 = 0.07, df = 1 (P = 0.79), 2= 0%
Test for overall effect: Z = 0.87 (P = 0.38)
02 Hygroscopic HME vs. HH
Boots 1997 A 3/21 4/ 41 RN S 1.50 1.54 [0.31, 7.63]
Dreyfuss 1995 17/ 61 12/ 70 [ — 5.21 1.87 [0.81, 4.31]
Memish 2001 40/ 123 30/ 120 4= 13.26 1.45 [0.83, 2.53]
Subtotal (95% Cl) 205 231 0 19.97 1.56 [1.00, 2.44]
Total events: 60 (HME), 46 (HH)
Test for heterogeneity: Chi2 = 0.25, df = 2 (P = 0.88), 2= 0%
Test for overall effect: Z = 1.96 (P = 0.05)
03 Hygroscopic HME vs. HH with heated wire circuits
Boots 2006 A 15/ 94 — 7.91 1.23 [0.58, 2.62]
Boots 2006 B 19/ 95 24/ 97 —_— 12.29 0.76 [0.38, 1.50]
Lacherade 2005 60/ 185 63/ 184 27.61 0.92 [0.60, 1.42]
Subtotal (95% ClI) 375 375 t 47.80 0.93 [0.67, 1.29]
Total events: 97 (HME), 102 (HH)
Test for heterogeneity: Chiz = 0.87, df = 2 (P = 0.65), 2= 0%
Test for overall effect: Z = 0.42 (P = 0.67)
04 Hygroscopic condenser humidifier vs. HH with heated wire circuits
Kollef 1998 40/ 163 39/ 147 —— 20. 02 0.90 [0.54, 1.50]
Subtotal (95% CI) 163 147 20.02 0.90 [0.54, 1.50]
Total events: 40 (HME), 39 (HH)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.40 (P = 0.69)
Total (95% CI) 829 856 100. 00 1.03 [0.82, 1.28]
Total events: 214 (HME), 213 (HH)
Test for heterogeneity: Chiz = 6.07, df = 8 (P = 0.64), 2= 0%
Test for overall effect: Z = 0.24 (P = 0.81)
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Table 6: OutcomesAirway Management: Heat and moisture exchanger (HME) vs. heated humidifier (HH)

Favours treatment

Favours control

Study ID Intervention Study/ Pneumonia Mortality Duration of Length of
Control OR OR MV ICU stay
group [95% CI] [95% CI] WMD WMD

[95% CI] [95% CI]

Martin Hydrophobic HME 31/ 0.29 0.82 -3.80

1990 vs. HH 42 [0.06, 1.49] [0.28, 2.44] [-8.44, 0.84]

Roustan Hydrophobic HME 55/ 0.58 0.68 2.70 4.60

1992 vs. HH 61 [0.18, 1.84] [0.28, 1.68] [-2.16, 7.56] [-0.48, 9.68]

Subtotal: 0.45 0.74 -0.70

[0.18,1.14] (f) [0.37,1.47](f) [-4.05, 2.66] (f)

Boots Hygroscopic HME 21/ 0.81 1.54

1997 A vs. HH 41 [0.19, 3.51] [0.31, 7.63]

Dreyfuss Hygroscopic HME 61/ 0.85 1.87 -2.50

1995 vs. HH 70 [0.28, 2.59] [0.81, 4.31] [-6.47, 1.47]

Memish Hygroscopic HME 123/ 0.68 1.45 -1.60

2001 vs. HH 120 [0.33, 1.42] [0.83, 2.53] [-4.09, 0.89]

Subtotal: 0.74 1.56 -1.85

[0.42,1.31] (f) [1.00, 2.44] (f) [-3.97,0.26] ()

Lorente Hygroscopic HME 53/ 858 -1.35

2006 I vs. HH with heated wire circuits 51 [1.39, 8.98] [-7.79, 5.09]

Boots Hygroscopic HME 95/ 1.26 1.23

2006 A vs. HH with heated wire circuits 94 [0.57, 2.79] [0.58, 2.62]

Boots Hygroscopic HME 95/ 1.20 0.76

2006 B vs. HH with heated wire circuits 97 [0.55, 2.62] [0.38, 1.50]

Kirton Hygroscopic HME 140/ 0.37

1997 vs. HH with heated wire circuits 140 [0.16, 0.83]

Lacherade  Hygroscopic HME 185/ 0.84 0.92 -1.40 -3.90

2005 vs. HH with heated wire circuits 184 [0.53, 1.33] [0.60, 1.42] [-4.61, 1.81] [-9.18, 1.38]
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Subtotal: 0.98 0.93 -1.39
[0.73,1.32] (f) [0.67,1.29] () [-4.26, 1.48]
Branson Hygroscopic condenser humidifier 54/ 0.90 -0.40
1996 A vs. HH with heated wire circuits 49 [0.17, 4.69] [-1.79, 0.99]
Kollef Hygroscopic condenser humidifier 163/ 0.89 0.90 0.90 0.40
1998 vs. HH with heated wire circuits 147 [0.42, 1.89] [0.54, 1.50] [-0.21, 2.01] [-0.85, 1.65]
Subtotal: 0.89 0.39
[0.45, 1.77] (f) [-0.47, 1.26] (f)
Total: 0.87 1.03 -0.07 0.41
[0.69,1.11] (f) [0.82,1.28] (f) [-0.82,0.68] (f) [-0.77,1.59]

®

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

f) Extended use of heat and moisture exchanger (HME)

Pneumonia

Two trials assessed the effect of the extendedoti$¢ME with a 5- or a 7-day change versus

daily changes of HME, on pneumonia rdtes®*

None of the results achieved statistical
significance; however, the overall odds ratio wamarically less than one (OR = 0.55, 0.28 —

1.09) (Figure 13) (Table 7).

Figure 13: Airway Management: Extended use of heat and moisture exchanger, pneumonia outcomes.

Review: Airway Management

Comparison: 04 Extended use of heat and moisture exchanger
Outcome: 01 Pneumonia
Study Extended use Brief use OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 7-day vs. 1-day change
Thomachot 2002 10/ 71 22/ 84 —E 75.56 0.46 [0.20, 1.06]
Subtotal (95% CI) 71 84 ’ 75. 56 0.46 [0.20, 1.06]
Total events: 10 (Extended use), 22 (Brief use)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.83 (P = 0.07)
02 5-day vs. 1-day change
Davis 2000 4/ 60 8/100 —_— 24.44 0.82 [0.24, 2.85]
Subtotal (95% CI) 60 100 ‘ 24.44 0.82 [0.24, 2.85]
Total events: 4 (Extended use), 8 (Brief use)
Test for heterogeneity: not applicable
Test for overall effect: Z=0.31 (P = 0.76)
Total (95% Cl) 131 184 ’ 100. 00 0.55 [0.28, 1.09]
Total events: 14 (Extended use), 30 (Brief use)
Test for heterogeneity: Chiz = 0.57, df = 1 (P = 0.45), 2= 0%
Test for overall effect: Z=1.70 (P = 0.09)
0.01 0.1 1 10 100

Favours ext. use  Favours brief use

Mortality

Mortality rates were not significantly influenceyg &n extended use of HME (Table 7).
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Table 7: OutcomesAirway Management: Extended use of heat and moisture exchanger

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU

Control OR OR WMD stay

group [95% CI] [95% CI] [95% CI] WMD

[95% CI]
Davis 5-day 60/ 0.82 0.50
2000 vs. 1-day HME change 100 [0.24, 2.85] [-0.43, 1.43]
Thomachot 7-day 71/ 0.46 1.38 -0.90 0.70
2002 vs. 1-day HME change 84 [0.20, 1.06] [0.71,2.68] [-3.38, 1.58] [-4.00, 5.40]
Total: 0.55 0.33
[0.28, 1.09] (f) [-0.55, 1.20] (f)

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.

s)] Components of heat and moisture exchanger (HME)

Pneumonia

Two different models of HM# and HMEFR®® and a hydrophobic versus a hygroscopic HMEF
were studied, but none of the compared VAP ratee wignificantly different (Figure 14) (Table
8). Due to the heterogeneity of the componentsveoatl estimate was calculated.

Figure 14: Airway M anagement: Components of Heat and M oisture Exchanger, pneumonia outcomes.

Review: Airway Management

Comparison: 05 Components of HME

Outcome: 01 Pneumonia

Study Treatment Control OR (fixed) Weight OR (fixed)

or sub-category n/N n/N 95% CI % 95% CI

01 CacCl2 Impregnated Paper vs. AICI2 Impregnated Foam HMEF

Thomachot 1999 24/ 77 21/ 63 100. 00 0.91 [0.44, 1.85]

02 hygroscopic vs. hydrophobic HMEF

Thomachot 1998 21/ 66 26/ 70 100. 00 0.79 [0.39, 1.61]

03 2 models of hygroscopic HME

Boyer 2003 9/ 22 9/ 21 100. 00 0.92 [0.27, 3.10]
0.01 0.1 1 10 100

Favours treatment Favours control

Mortality/ Duration of MV

When data of mortality rates and the duration of M#&s available, no significant impact on

these outcomes was evident (Table 8).

Table 8: OutcomesAirway Management: Components of heat and moisture exchanger (HME)

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% Cl] [95% CI] [95% CI] WMD
[95% ClI]
Boyer 2 models of hygroscopic HME 22/ 0.92 -2.00
2003 21 [0.27, 3.10] [-15.46, 11.46]
Thomachot Hygroscopic 66/ 0.79 0.97 -0.50
1998 vs. hydrophobic HME 70 [0.39, 1.61] [0.39, 2.37] [-4.37, 3.37]
Thomachot CaCl- 77/ 0.91 1.08 -1.20
1999 vs. AICL- filter HME 63 [0.44,1.85]  [0.44,2.65] [-3.65, 1.25]

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.
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h) Change of ventilator circuits

Pneumonia

The impact of different intervals of ventilator @it changes on VAP rates was studied by six
trials #> 7> 9. 189 214, 21py je 0 the varying change intervals of the treatnzad control groups
we could not calculate a summary estimate. In tohdyscomparing one- to two-day circuit
changes, VAP rates were significantly lower in ¢ineup receiving two-day changes. None of the
other compared pneumonia rates were significanffigrdnt (Figure 15) (Table 9).

Figure 15: Airway Management: Change of ventilator circuits, pneumonia outcomes.

Review: Airway Management

Comparison: 06 Change of ventilator circuits
Outcome: 01 Pneumonia
Study Treatment Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
01 1- vs. 2-day change
Craven 1986 31/ 106 18/ 127 —-— 100. 00 2.50 [1.31, 4.80]
02 2-day vs. no routine change
Dreyfuss 1991 11/35 8/ 28 24.21 1.15 [0.39, 3.40]
Lorente 2004 33/143 37/ 161 T 75.79 1.01 [0.59, 1.72]
03 2-day vs. 4-day change
Boots 1997 B 3/21 8/33 —-—— 100. 00 0.52 [0.12, 2.24]
04 3- vs. 7-day change
Long 1996 27/ 213 26/ 234 100. 00 1.16 [0.65, 2.06]
05 7-day vs. no routine change
Kollef 1995 44/ 153 36/ 147 100. 00 1.24 [0.74, 2.08]
0.01 0.1 1 10 100
Favours treatment  Favours control
Mortality

None of the trials demonstrated a significant défece in mortality rates (Figure 16) (Table 9).

Figure 16: Airway Management: Change of ventilator circuits, mortality outcomes.

Review: Airway Management
Comparison: 06 Change of ventilator circuits
Outcome: 03 Mortality
Study Treatment Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
01 2-day vs. no routine change
Dreyfuss 1991 6/ 35 7128 — 24.93 0.62 [0.18, 2.12]
Lorente 2004 52/ 143 46/ 161 1 75.07 1.43 [0.88, 2.31]
02 2-day vs. 4-day change
Boots 1997 B 3/21 7/ 33 —.-— 100. 00 0.62 [0.14, 2.72]
03 7-day vs. no routine change
Kollef 1995 50/ 153 61/ 147 4..|> 100. 00 0.68 [0.43, 1.10]
0.01 0.1 1 10 100
Favours treatment  Favours control
Table 9: OutcomesAirway Management: Change of ventilator circuits
Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% CI] [95% Cl] [95% CI] WMD
[95% ClI]
Craven 1-day 106/ 25
1986 vs. no routine change 127 [1.31, 4.80]

of ventilator circuits
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Dreyfuss 2-day 35/ 1.15 0.62 2.80

1991 Vvs. no routine change 28 [0.39, 3.40] [0.18, 2.12] [-1.41, 7.01]
of ventilator circuits

Lorente 2-day 143/ 1.01 1.43 -3.50

2004 vs. no routine change 161 [0.59, 1.72] [0.88, 2.31] [-7.64, 0.64]
of ventilator circuits

Boots 2-day 21/ 0.52 0.62

1997 B vs. 4-day change 33 [0.12, 2.24] [0.14, 2.72]

Long 3-day 213/ 1.16

1996 vs. 7-day change 234 [0.65, 2.06]

Kollef 7-day 153/ 1.24 0.68 1.60

1995 vs. no routine change 147 [0.74, 2.08] [0.43, 1.10] [-1.46, 4.66]

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

) Heated vs. non-heated wire circuits

Pneumonia

Results were not significantly different in a sulngp of a trial, assessing whether the use of
heated or non-heated wire circuits had an impagbre@umonia rates (OR = 1.68, 0.51 — 5.55)
(Table 10)%

Table 10: OutcomesAirway Management: Heated vs. non-heated wire circuits

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [95% CI] [95% CI] [95% CI] [95% CI]
Branson Heated 49/ 1.68 1.90
1996 B vs. non-heated wire 48 [0.51, 5.55] [-1.28, 5.08]
circuits

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

)] Oro- vs. nasotracheal intubation

Pneumonia/ Mortality

One large trial compared oro- with nasotrachealbation in order to reduce contamination of
tracheal secretions with bacteria from the ndtgResults for VAP were not statistically
significant, although the odds ratio was numernjckdss than one (0.49, 0.21 — 1.14) (Table 11).

Differences in mortality rates were not significagither (OR = 1.19, 0.75 — 1.89).

Table 11: OutcomesAirway Management: Oro- vs. hasotracheal intubation

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [95% CI] [95% CI] [95% CI] [95% CI]
Holzapfel Oro- 151/ 0.49 1.19 -1.50
1993 vs. nasotracheal 149 [0.21, 1.14] [0.75, 1.89] [-4.48,1.48]
intubation

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.
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K) Bacterial filter

Pneumonia/ Mortality

In a trial assessing the impact of a bacteriatffilh the ventilator circuits neither the inciderate

pneumonia nor mortality rates were significantteegd (Table 12§*°

Table 12: OutcomesAirway Management: Bacterial filter

Sudy ID Intervention Sudy/ Pneumonia Mortality Duration of Length of ICU
Control OR OR MV stay
group [95% CI] [95% CI] WMD WMD
[95% CI] [95% CI]
Lorente Bacterial filter 114/ 1.19 151 -1.16 -2.03
2003 116 [0.64, 2.19] [0.85, 2.69] [-5.38, 3.06] [-6.51, 2.45]

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

3.6. Gastrointestinal interventions
a) Selective decontamination of the digestive tracD(®
Pneumonia

Twenty-seven trials studying the effects of diffareegimens of selective decontamination of the
digestive tract (SDD) met our inclusion criterighefe are different ways and agents used to
implement SDD, represented by the four subgroup®usf analysis. Topical antibiotic and
antimycotic agents, normally including polymyxin #®bramycin or amphotericin B, can be
applied topically to the oropharynx alone, or addidlly to the gastrointestinal (Gl) tract.

Systemic antibiotics can supplement the topicaltinents.

With all of the subgroups showing a significant uetion of pneumonia rates, the overall
outcome emphasizes the evidence of that effectDdd $OR = 0.32, 0.24 — 0.44) (Figure 17)
(Table 13).

The first subgroup, containing four trials reachad statistically significant effect by
administering topical agents to the oropharynx owlighout performing systemic prophylaxis
(OR=0.19, 0.04-0.82§" 277 288. 290

éll, 124, 140, 196, 206, 211, 279, 304, 358, 367
)

The second subgroup, including twelve tA3l with two

50, 367

trials contributing two comparisons each, applied topagents to the oropharynx and the

Gl without adminsitering systemic prophylaxis (OR5Z) 0.41-0.66).

The SDD-regimen of the trial of the third subgragmsisted of the application of topical agents
to the oropharynx only and the administration aftegnic antibiotics (OR=0.09, 0.03-0.75).
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The nine trials and one subgroup of a trial congarishe fourth subgroup. Their regimen
consisted of topical antibiotic and antimycotic @aigeapplied to the oropharynx and the Gl tract

with the administration of systemic antibiotics (€R18, 011-0.31§; 3% 113, 139, 173, 200, 264, 289, 304,
325

Figure 17: Gastrointestinal Interventions. SDD, pneumonia outcomes

Review: Gastrointestinal Interventions
Comparison: 01 SDD
Outcome: 01 Pneumonia
Study SDD Control OR (random) Weight OR (random)
or sub-category n/N n/N 95% Cl % 95% CI
01 SDD, topical (oral only)
Rodriguez-Roldan1990 0/13 11/ 15 — 0.85 0.01 [0.00, 0.30]
Pugin 1991 4/ 25 21/ 27 —_— 2.54 0.05 [0.01, 0.22]
Rios 2005 17/ 47 17/ 49 — 3.92 1.07 [0.46, 2.46]
Bergmans 2001 9/ 87 38/ 139 —. 4.07 0.31 [0.14, 0.67]
Subtotal (95% Cl) 172 230 ‘ 11.38 0.19 [0.04, 0.82]
Total events: 30 (SDD), 87 (Control)
Test for heterogeneity: Chi2 = 18.13, df = 3 (P = 0.0004), 12 = 83.5%
Test for overall effect: Z = 2.22 (P = 0.03)
02 SDD, topical (oral+Gl)
Unertl 1987 1/ 19 9/ 20 — 1.42 0.07 [0.01, 0.61]
Wiener 1995 8/ 30 8/31 B — 3.12 1.05 [0.33, 3.27]
Ferrer 1994 7139 10/ 41 —_— 3.26 0.68 [0.23, 2.01]
Hammond 1992 8/114 8/ 125 _— 3.44 1.10 [0.40, 3.04]
Langlois-Karaga 1995 14/ 47 28/ 50 B 3.92 0.33 [0.14, 0.77]
Camus 2005 B 10/ 129 24/ 130 —_— 4.07 0.37 [0.17, 0.81]
Korinek 1993 15/ 63 25/ 60 — 4.10 0.44 [0.20, 0.95]
SanchezGarcia 1998 A 11/ 96 28/ 101 —_— 4.13 0.34 [0.16, 0.72]
Quinio 1996 19/ 76 37/ 72 — 4.32 0.32 [0.16, 0.63]
Camus 2005 A 15/ 130 30/ 126 — 4.38 0.42 [0.21, 0.82]
Verwaest 1997 A 22/ 193 20/ 93 —a—| 4.41 0.47 [0.24, 0.91]
Verwaest 1997 B 31/ 200 20/ 92 — 4.52 0.66 [0.35, 1.24]
Gastinne 1992 26/ 220 33/ 225 e 4.72 0.78 [0.45, 1.35]
Lingnau 1997 57/ 162 61/148 —- 4.96 0.77 [0.49, 1.23]
Subtotal (95% ClI) 1518 1314 ‘ 54.75 0.52 [0.41, 0.66]
Total events: 244 (SDD), 341 (Control)
Test for heterogeneity: Chiz = 18.19, df = 13 (P = 0.15), 2= 28.5%
Test for overall effect: Z = 5.30 (P < 0.00001)
03 SDD, topical (oral only) + systemic
Abele-Horn 1997 13/58 23/ 30 —_— 3.35 0.09 [0.03, 0.25]
Subtotal (95% CI) 58 30 - 3.35 0.09 [0.03, 0.25]
Total events: 13 (SDD), 23 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 4.55 (P < 0.00001)
04 SDD, topical (oral+Gl) +systemic
Aerdts 1990 1/17 27/ 39 —— 1.48 0.03 [0.00, 0.23]
Hammond 1995 1/ 59 7176 —_— 1.49 0.17 [0.02, 1.42]
Finch 1991 4/ 20 7124 —_— 2.54 0.61 [0.15, 2.48]
SanchezGarcia 1998 B 4/ 35 13/39 —_— 2.90 0.26 [0.07, 0.89]
Kerver 1988 6/ 49 40/ 47 —— 3.04 0.02 [0.01, 0.08]
Palomar 1997 7141 21/ 42 —_— 3.44 0.21 [0.07, 0.57]
Rocha 1992 7147 25/ 54 —_— 3.57 0.20 [0.08, 0.53]
Blair 1991 6/ 124 23/131 —_— 3.65 0.24 [0.09, 0.61]
Krueger 2002 6/ 265 29/ 262 —_— 3.75 0.19 [0.08, 0.46]
Stoutenbeek 2007 19/ 201 46/ 200 — 4.66 0.35 [0.20, 0.62]
Subtotal (95% ClI) 858 914 ‘ 30.51 0.18 [0.11, 0.31]
Total events: 61 (SDD), 238 (Control)
Test for heterogeneity: Chiz = 21.97, df = 9 (P = 0.009), I2=59.0%
Test for overall effect: Z = 6.15 (P < 0.00001)
Total (95% CI) 2606 2488 ‘ 100. 00 0.32 [0.24, 0.44]
Total events: 348 (SDD), 689 (Control)
Test for heterogeneity: Chi2 = 90.96, df = 28 (P < 0.00001), I = 69.2%
Test for overall effect: Z = 7.32 (P < 0.00001)
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Mortality
From all but two trials mortality data was abstadte (Table 13) (Figure 18).

The only subgroup with a significant reduction obmality rates was the fourth, administering
topical agents orally and to the Gl plus systennappylaxis (OR = 0.80, 0.64 — 0.98).
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The result of the first subgroup was not significatthough the odds ratio was numerically less
than one (OR =0.79, 0.52 — 1.20).

With the data available there was no evidence ioeféect in the the second and third subgroup
(OR = 0.95, 0.80 — 1.14) (OR = 1.17, 0.37 — 3.74).

With p=0.06 the overall outcome failed to reachistigal significance, although the odds ratio

was numerically less than one (OR = 0.88, 0.7700)1.

Figure 18: Gastrointestinal Interventions: SDD, mortality outcomes

Review: Gastrointestinal Interventions
Comparison: 01 SDD
Outcome: 02 Mortality
Study SDD Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 SDD, topical (oral only)
Rodriguez-Roldan1990 4/ 13 5/15 —_— 0. 66 0.89 [0.18, 4.37]
Pugin 1991 7125 7127 —_—— 1.00 1.11 [0.33, 3.79]
Rios 2005 18/ 47 21/ 49 —. 2.62 0.83 [0.37, 1.87]
Bergmans 2001 30/ 87 59/ 139 —. 6.14 0.71 [0.41, 1.24]
Subtotal (95% CI) 172 230 10. 42 0.79 [0.52, 1.20]
Total events: 59 (SDD), 92 (Control)
Test for heterogeneity: Chi2 = 0.46, df = 3 (P = 0.93), 2= 0%
Test for overall effect: Z=1.11 (P = 0.27)
02 SDD, topical (oral+Gl)
Unertl 1987 5/19 6/ 20 —_— 0.89 0.83 [0.21, 3.38]
Ferrer 1994 12/ 39 11/ 41 — 1.53 1.21 [0.46, 3.20]
Quinio 1996 13/ 76 10/ 72 —T— 1.76 1.28 [0.52, 3.13]
Wiener 1995 11/ 30 15/ 31 — 1.93 0.62 [0.22, 1.72]
Korinek 1993 8/ 63 11/ 60 2.03 0.65 [0.24, 1.74]
Lingnau 1997 19/ 162 16/ 148 —_— 3.05 1.10 [0.54, 2.22]
Hammond 1992 21/ 114 21/ 125 —— 3.37 1.12 [0.57, 2.18]
Verwaest 1997 B 31/ 200 15/ 92 — 3.58 0.94 [0.48, 1.85]
Verwaest 1997 A 34/ 193 16/ 93 — 3.67 1.03 [0.54, 1.98]
SanchezGarcia 1998 A 41/ 96 47/ 101 — 5.42 0.86 [0.49, 1.50]
Camus 2005 B 28/ 129 36/ 130 — 5.79 0.72 [0.41, 1.28]
Camus 2005 A 39/ 130 41/ 126 — 6.02 0.89 [0.52, 1.51]
Gastinne 1992 82/ 220 76/ 225 - 9.73 1.16 [0.79, 1.72]
Subtotal (95% CI) 1471 1264 ¢ 48. 76 0.97 [0.81, 1.16]
Total events: 344 (SDD), 321 (Control)
Test for heterogeneity: Chi2 = 4.50, df = 12 (P = 0.97), 2= 0%
Test for overall effect: Z=0.37 (P = 0.71)
03 SDD, topical (oral only) + systemic
Abele-Horn 1997 11/58 5/ 30 —_— 1.10 1.17 [0.37, 3.74]
Subtotal (95% CI) 58 30 ‘ 1.10 1.17 [0.37, 3.74]
Total events: 11 (SDD), 5 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z=0.26 (P = 0.79)
04 SDD, topical (oral+Gl) + systemic
Finch 1991 15/ 20 10/ 24 —_— 0. 47 4.20 [1.15, 15.37]
Aerdts 1990 2117 6/39 —_— 0.66 0.73 [0.13, 4.07]
Palomar 1997 10/ 41 13/ 42 —_— 2.00 0.72 [0.27, 1.89]
Kerver 1988 14/ 49 15/ 47 — 2.26 0.85 [0.36, 2.04]
Hammond 1995 10/ 59 17/ 76 —— 2.55 0.71 [0.30, 1.69]
SanchezGarcia 1998 B 10/ 35 19/ 39 —s 2.65 0.42 [0.16, 1.11]
Rocha 1992 10/ 47 24/ 54 —_— 3.63 0.34 [0.14, 0.82]
Blair 1991 17/ 126 22/ 130 —— 3.87 0.77 [0.39, 1.52]
Stoutenbeek 2007 42/ 201 44/ 200 —— 7.20 0.94 [0.58, 1.51]
Krueger 2002 102/ 265 113/ 262 - 14.43 0.83 [0.58, 1.17]
Subtotal (95% CI) 860 913 | 39.71 0.80 [0.64, 0.98]
Total events: 232 (SDD), 283 (Control)
Test for heterogeneity: Chiz =12.27, df = 9 (P = 0.20), I2 = 26.6%
Test for overall effect: Z =2.12 (P = 0.03)
Total (95% CI) 2561 2437 ‘ 100. 00 0.88 [0.77, 1.00]
Total events: 646 (SDD), 701 (Control)
Test for heterogeneity: Chiz = 19.61, df = 27 (P = 0.85), 2= 0%
Test for overall effect: Z =1.89 (P = 0.06)
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Duration of MV

Evaluating the results of the eight trials assegtie duration of MV, an adverse effect in terms
of an increase of the duration of MV was obserw&dD = 0.46, 0.04 — 0.89) (Table 13).
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This is mainly due to the second subgroup (WMD5600.13 — 1.00) where one large trial with
an assigned weight of 89.62% had a big impact isotitcome™*

The results of subgroups one, three, and four wetsignificant.

Length of ICU stay

The length of ICU stay, assessed by eleven tigalsld be significantly reduced by SDD (WMD
=-0.53, -0.89 - -0.16).

However, only the results of the second and thed teubgroup complied with this overall
estimate, whereas subgroups one and four failetidar an effect (Table 13).

Table 13: Outcomes Gastrointestinal Interventions. Selective decontamination of the digestivetract (SDD)

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% Cl] [95% Cl] [95% CI] WMD
[95% CI]
Bergmans SDD, topical 87/ 0.31 0.71
2001 (oral only) 139 [0.14, 0.67] [0.41, 1.24]
Pugin SDD, topical 25/ 0.05 1.11 -1.10 -1.90
1991 (oral only) 27 [0.01, 0.22] [0.33,3.79] [-4.62, 2.42] [-5.87, 2.07]
Rios SDD, topical 47/ 1.07 0.83 -4.00 3.00
2005 (oral only) 49 [0.46, 2.46] [0.37, 1.87] [-9.94, 1.94] [-3.64, 9.64]
Rodriguez- SDD, topical 13/ 0.01 0.89
Roldan (oral only) 15 [0.00, 0.30] [0.18, 4.37]
1990
Subtotal: 0.19 0.79 -1.85 -0.61
[0.04, 0.82] (1) [0.52, 1.20] (f) [-4.88, 1.17] (f) [-4.02, 2.80] (f)
Camus SDD, topical 130/ 0.42 0.89
2005 A (oral+Gl) 126 [0.21, 0.82] [0.52, 1.51]
Camus SDD, topical 129/ 0.37 0.72
2005 B (oral+Gl) 130 [0.17,0.81] [0.41, 1.28]
Ferrer SDD, topical 39/ 0.68 1.21 0.90 1.00
1994 (oral+Gl) 41 [0.23, 2.01] [0.46, 3.20] [-3.41, 2.61] [-2.85, 4.85]
Gastinne SDD, topical 220/ 0.78 1.16 -1.00
1992 (oral+Gl) 225 [0.45, 1.35] [0.79,1.72] [-4.27,2.27]
Hammond SDD, topical 114/ 1.10 1.12 -0.60
1992 (oral+Gl) 125 [0.40, 3.04] [0.57, 2.18] [-4.00, 2.80]
Korinek SDD, topical 63/ 0.44 0.65 -0.40 [-3.41, 2.61] -1.20
1993 (oral+Gl) 60 [0.20, 0.95] [0.24, 1.74] [-7.07, 4.67]
Langlois- SDD, topical a7/ 0.33
Karaga (oral+Gl) 50 [0.14, 0.77]
1995
Lingnau SDD, topical 162/ 0.77 1.10 0.60 -0.50
1997 (oral+Gl) 148 [0.49, 1.23] [0.54, 2.22] [0.15, 1.05] [-0.88, -0.12]
Quinio SDD, topical 76/ 0.32 1.28 -0.30 0.30
1996 (oral+Gl) 72 [0.16, 0.63] [0.52, 3.13] [-3.07, 2.47] [-3.99, 4.59]
Sanchez Garcia SDD, topical 96/ 0.34 0.86
1998 A (oral+Gl) 101 [0.16, 0.72] [0.49, 1.50]
Unertl SDD, topical 19/ 0.07 0.83
1987 (oral+Gl) 20 [0.01, 0.61] [0.21, 3.38]
Verwaest SDD, topical 193/ 0.47 1.03
1997 A (oral+Gl) 93 [0.24,0.91] [0.54, 1.98]
Verwaest SDD, topical 200/ 0.66 0.94
1997 B (oral+Gl) 92 [0.35, 1.24] [0.48, 1.85]
Wiener SDD, topical 30/ 1.05 0.62
1995 (oral+Gl) 31 [0.33, 3.27] [0.22,1.72]
Subtotal: 0.52 0.97 0.56 -0.49
[0.41, 0.66] () [0.81, 1.16] (f) [0.13, 1.00] (f) [-0.86, -0.12] (f)
Abele-Horn SDD, topical 58/ 0.09 1.17 -1.70 -4.00
1997 (oral only) + 30 [0.03, 0.25] [0.37, 3.74] [-4.67, 1.27] [-7.73, -0.27]
systemic
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Aerdts SDD, topical 17/ 0.03 0.73
1990 (oral+Gl) + 39 [0.00, 0.23] [0.13, 4.07]
systemic
Blair SDD, topical 124/ 0.24 0.77
1991 (oral+Gl) + 131 [0.09, 0.61] [0.39, 1.52]
systemic
Finch SDD, topical 20/ 0.61 4.20
1991 (oral+Gl) + 24 [0.15, 2.48] [1.15, 15.37]
systemic
Hammond SDD, topical 59/ 0.17 0.71 -1.30
1995 (oral+Gl) + 76 [0.02,1.42] [0.30, 1.69] [-6.34, 3.74]
systemic
Kerver SDD, topical 49/ 0.02 0.85
1988 (oral+Gl) + a7 [0.01, 0.08] [0.36, 2.04]
systemic
Krueger SDD, topical 265/ 0.19 0.94
2002 (oral+Gl) + 262 [0.08, 0.46] [0.58,1.17]
systemic
Palomar SDD, topical 41/ 0.21 0.72
1997 (oral+Gl) + 42 [0.07, 0.57] [0.27,1.89]
systemic
Rocha SDD, topical 47/ 0.20 0.34 -0.10 1.00
1992 (oral+Gl) + 54 [0.08, 0.53] [0.14,0.82] [-5.01, 4.81] [-5.98, 7.98]
systemic
Sanchez Garcia SDD, topical 35/ 0.26 0.42
1998 B (oral+Gl) + 39 [0.07, 0.89] [0.16, 1.11]
systemic
Stoutenbeek SDD, topical 201/ 0.35 0.94
2007 (oral+Gl) + 200 [0.20, 0.62] [0.58, 1.51]
systemic
Subtotal: 0.18 0.80 -0.51 [-4.60, 3.57]
[0.12, 0.31] (r) [0.64, 0.98] (f)
Total: 0.32 0.88 0.46 -0.53
[0.24, 0.44] (r) [0.77,1.00] (f) [0.04, 0.89] (f) [-0.89, -0.16] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

b) Selective decontamination of the digestive tracdD(® with additional topical
antibiotics
Pneumonia

Three trials compared the application of eitheridapgentamicit®™ ** or mupirocif® in

addition to a SDD regimen, of which only the stutiding mupirocin could show a significant
reduction of pneumonia rates (OR=0.32, 0.16-0.62ble 14).

Mortality

There was no evidence for an effect on mortalitgggTable 14).
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Table 14: Outcomes Gastrointestinal Interventions. SDD with additional topical agents

Study ID Intervention Treatment/  Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% Cl] [95% Cl] [95% Cl] WMD
[95% CI]
Konrad Additional 20/ 1.00 1.00
1991 gentamicin vs. 20 [0.13, 7.89] [0.24, 4.18]
SDD: topical
(oral+Gl) +
systemic
Laggner Additional 33/ 0.23 0.54 -4.10 -6.60
1994 gentamicin vs. 34 [0.02, 2.22] [0.19, 1.50] [-17.26, 9.06] [-30.21, 17.01]
SDD: topical
(oral only)
Nardi Additional 119/ 0.32 0.80 -1.80 -1.20
2001 mupirocin vs. 104 [0.16, 0.62] [0.43, 1.49] [-4.67, 1.07] [-4.04, 1.64]
SDD: topical
(oral+Gl)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

C) Interventions to reduce the bacterial reflux load

Pneumonia

Sucralfate vs. H2-antagonists

Fourteen trials compared the administration of @lfete versus Hanatgonists for stress ulcer
prophylaxis®® 74 99 101, 106, 169, 170, 203, 270, 276, 288, 337, 3521 1arain the objective was to keep
stomach pH-levels low with sucralfate thereby redgahe bacterial reflux load of potential

aspiration contents.

The incidence of pneumonia could be significantygluced by administering sucralfate as
opposed to KHantagonists (OR = 0.77, 0.64 — 0.93) (Figure 19).
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Figure 19: Gastrointestinal Interventions. Interventionsto reduce the bacterial reflux load, pneumonia

outcomes

Review: Gastrointestinal Interventions
Comparison: 03 Interventions to reduce the bacterial reflux load
Outcome: 01 Pneumonia

Study Load reduction Control OR (fived) Weight OR (fixed)
o sub-category niN niN 95% CI 95% CI
01 Sucralfate vs. H2-Antagonists
Stoehr 1998 A 1/16 1/34 —— 0.14 2.20 [0.13, 37.59]
Driks 1987 B 2121 117 D Ea— 0.23 1.68 [0.14, 20.33]
Laggner 1989 0/16 2/16 — 0.57 0.18 [0.01, 3.97)
Pickworth 1993 6/39 5/44 —t— 0.93 1.42 [0.40, 5.07]
Ryan 1993 8/58 7156 — 1.43 1.12 [0.38, 3.33]
Kantorova 2004 6/69 7171 — 1.47 0.87 [0.28, 2.74]
Eddleston 1991 3/30 10/ 30 — 2.10 0.22 [0.05, 0.91]
Thomason 1996 A 15/ 40 27/80 —— 2.62 1.18 [0.53, 2.60]
Prodthom 1994 A 5/42 21/80 — 2.97 0.38 [0.13, 1.09]
Tsiotras 1993 8/50 17/ 50 — 3.33 0.37 [0.14, 0.96]
Colardyn 1990 21/56 24/57 — 3.46 0.83 [0.39, 1.75]
Kappstein 1991 13/ 49 25/55 —— 4.03 0.43 [0.19, 0.99]
Fabian 1993 29/99 52/179 —— 6.10 1.01 [0.59, 1.74]
Cook 1998 120/ 604 140/ 596 - 26.31 0.81 [0.61, 1.06]
Subtotal (95% Cl) 1189 1365 ¢ 55. 69 0.77 [0.64, 0.93]
Total events: 237 (Load reduction), 339 (Control)
Test for heterogeneity: Chiz = 14.19, df = 13 (P = 0.36), I = 8.4%
Test for overall effect: Z = 2.66 (P = 0.008)
02 Sucralfate vs. Antacids
Driks 1987 A 2/20 9/ 39 —_— 1.28 0.37 [0.07, 1.91]
Tryba 1987 3/29 11/32 — 2.18 0.22 [0.05, 0.89)]
Prodhom 1994 B 5/41 18/ 81 — 2.48 0.49 [0.17, 1.42]
Bonten 1995 15/67 16/ 74 —— 2.75 1.05 [0.47, 2.32]
Thomason 1996 B 15/40 30/ 82 — 2.86 1.04 [0.48, 2.27]
Mahul 1992 A 13/73 17172 —- 3.28 0.70 [0.31, 1.57)
Subtotal (95% Cl) 270 380 <& 14.83 0.70 [0.47, 1.02]
Total events: 53 (Load reduction), 101 (Control)
Test for heterogeneity: Chiz = 5.61, df = 5 (P = 0.35), I = 10.8%
Test for overall effect: Z = 1.85 (P = 0.06)
03 Sucralfate vs. placebo
Eddleston 1994 114 0/ 12 —_—t—-—  ou 2.78 [0.10, 74.70]
Subtotal (95% CI) 14 12 e — 0.11 2.78 [0.10, 74.70]
Total events: 1 (Load reduction), 0 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.61 (P = 0.54)
04 Sucralfate vs. H2-Antagonists+Antacids
Driks 1987 C 1/20 6/13 —— 1.61 0.06 [0.01, 0.60]
Sirvent 1994 9/26 11/25 — 1.71 0.67 [0.22, 2.09]
Maier 1994 10/ 47 14/ 51 — 2.46 0.71 [0.28, 1.81]
Subtotal (95% Cl) 93 89 = 5.78 0.52 [0.27, 1.01]
Total events: 20 (Load reduction), 31 (Control)
Test for heterogeneity: Chiz = 4.00, df = 2 (P = 0.14), I2 = 50.0%
Test for overall effect: Z = 1.94 (P = 0.05)
05 No Treatment vs. H2-Antagonists+Antacids
Holzapfel 1090 8/67 5/61 1.07 1.52 [0.47, 4.92)
Subtotal (95% Cl) 67 61 1.07 1.52 [0.47, 4.92)
Total events: 8 (Load reduction), 5 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.70 (P = 0.49)
06 Placebo vs. Pirenzepine
Hanisch 1998 A 6/28 10/ 44 — 1.42 0.93 [0.29, 2.92]
Subtotal (95% Cl) 28 44 - 1.42 0.93 [0.29, 2.92]
Total events: 6 (Load reduction), 10 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.13 (P = 0.90)
07 Placebo vs. H2-Antagonists
Hanisch 1998 B 6/29 10/ 57 —f— 1.25 1.23 [0.40, 3.79]
Subtotal (95% Cl) 29 57 - 1.25 1.23 [0.40, 3.79]
Total events: 6 (Load reduction), 10 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.35 (P = 0.72)
08 Acidified Enteral Feeds
Tulaimat 2005 3/16 1713 _— 0.21 2.77 [0.25, 30.38]
Heyland 1999 3149 7146 —_—r 1.58 0.36 [0.09, 1.50]
Subtotal (95% Cl) 65 59 - 1.79 0.64 [0.21, 1.98]
Total events: 6 (Load reduction), 8 (Control)
Test for heterogeneity: Chiz = 2.05, df = 1 (P = 0.15), 2= 51.2%
Test for overall effect: Z = 0.77 (P = 0.44)
09 Early Gastrostomy
Kostadima 2005 2/20 8/21 1.64 0.18 [0.03, 0.99]
Subtotal (95% Cl) 20 21 1.64 0.18 [0.03, 0.99]
Total events: 2 (Load reduction), 8 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.97 (P = 0.05)
10 Small Intestinal vs. Gastric Feeding
Kearns 2000 4121 3/23 0.54 1.57 [0.31, 8.01]
Montecalvo 1992 0/19 2/19 0.57 0.18 [0.01, 4.00]
Kortbeek 1999 10/ 37 18/ 43 2.83 0.51 [0.20, 1.32]
Subtotal (95% Cl) 77 85 3.94 0.61 [0.28, 1.32)
Total events: 14 (Load reduction), 23 (Control)
Test for heterogeneity: Chiz = 2,01, df = 2 (P = 0.37), 2= 0.5%
Test for overall effect: Z = 1.26 (P = 0.21)
11 Intermittent Enteral Feeding
Skiest 1996 09 o/7 Not estimabl e
Bonten 1996 5/30 5/30 — 0.97 1.00 [0.26, 3.89]
Tamowicz 2007 4120 7/ 20 — 1.30 0.46 [0.11, 1.94]
MacLeod 2007 38/ 79 33/81 - 3.94 1.35 [0.72, 2.52)
Subtotal (95% Cl) 138 138 > 6.22 1.11 [0.66, 1.87]
Total events: 47 (Load reduction), 45 (Control)
Test for heterogeneity: Chiz = 1.82, df = 2 (P = 0.40), I2 = 0%
Test for overall effect: .70)
12 Enteral Naloxone
Meissner 2003 13/38 24/43 3.45 0.41 [0.17, 1.01]
Subtotal (95% Cl) 38 43 3.45 0.41 [0.17, 1.01]
Total events: 13 (Load reduction), 24 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.93 (P = 0.05)
13 Enteral Metoclopramide
Yavagal 2000 17/58 20/ 78 —— 2.81 1.20 [0.56, 2.57]
Subtotal (95% Cl) 58 78 - 2.81 1.20 [0.56, 2.57)
Total events: 17 (Load reduction), 20 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.48 (P = 0.63)
Total (95% CI) 2086 2432 ¢ 100. 00 0.77 [0.66, 0.88]
Total events: 430 (Load reduction), 624 (Control)
Test for heterogeneity: Chiz = 41.45, df = 37 (P = 0.28), I = 10.7%
Test for overall effect: Z = 3.64 (P = 0.0003)

0.01 0.1 1 10 100
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Sucralfate vs. antacids

The six trials comparing sucralfate versus antafmdstress ulcer prophylaxis failed to show a
significant reduction of pneumonia rates, althotlghodds ratio was numerically less than one
(OR = 0.70, 0.47 — 1.02) (Figure 1§)%9: 227, 276,337,346

Other interventions

Of the other interventions attempting to reduce libeterial reflux load by keeping the gastric
pH low, only early gastrostomy (OR = 0.18, 0.03.99) could show a significant reduction in

pneumonia rates (Figure 195.

With the confidence interval extending to 1.01 thiervention of sucralfate as opposed tg H
antagonists in combination with antadids®® 3 (OR = 0.52, 0.27 — 1.01), and the
administration of enteral naloxdfiéin order to fasten emptying of the stomach (OR.410
0.17 — 1.01) just failed statistical significance.

The remaining interventions, sucralfate vs. plat®&amo treatment vs. antagonists plus
antacid$>® placebo vs. pirenzepitié placebo vs. btantagonist$”, acidification of enteral

§,51, 353 197, 244 Sb224, 317, 332
) )

feed small intestinal vs. gastric feedi ! intermittent enteral feedifi

and enteral metoclopramitiéalso failed to show a significant effect.

Overall, the attempt to reduce the bacterial refad decreased pneumonia-rates significantly
(OR =0.75, 0.65 — 0.87) (Figure 19).

Mortality

Sucralfate vs. Hantagonists

There was no effect on mortality rates in this mefiee group (OR = 0.97, 0.80 — 1.17) (Figure
20).
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Figure 20: Gastrointestinal Interventions. Interventionsto reduce the bacterial reflux load, mortality

outcomes
Review: Gastrointestinal Interventions
Comparison: 03 Interventions to reduce the bacterial reflux load
Outcome: 02 Mortality
Study Load reduction Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Sucralfate vs. H2-Antagonists
Pickworth 1993 2/ 39 4] 44 D ——— — 1.08 0.54 [0.09, 3.13]
Laggner 1989 8/ 16 8/ 16 —_— 1.21 1.00 [0.25, 4.00]
Stoehr 1998 A 3/16 8/ 34 —_—r 1.26 0.75 [0.17, 3.31]
Thomason 1996 A 5/ 40 8/ 80 ——— 1.41 1.29 [0.39, 4.22]
Eddleston 1991 8/ 30 7/ 30 —_— 1.55 1.19 [0.37, 3.85]
Tsiotras 1993 14/ 50 12/ 50 —— 2.61 1.23 [0.50, 3.02]
Kantorova 2004 13/ 69 11/71 —— 2.66 1.27 [0.52, 3.06]
Kappstein 1991 9/ 49 14/55 —- 3.26 0.66 [0.26, 1.69]
Ryan 1993 22/ 58 19/ 56 —— 3.63 1.19 [0.55, 2.56]
Prod'hom 1994 A 13/ 42 27180 —_— 3.88 0.88 [0.39, 1.96]
Colardyn 1990 29/ 56 31/ 57 —— 4.48 0.90 [0.43, 1.89]
Fabian 1993 16/ 99 32/ 179 — 5.78 0.89 [0.46, 1.71]
Cook 1998 138/ 604 140/ 596 - 32.87 0.96 [0.74, 1.26]
Subtotal (95% CI) 1168 1348 ¢ 65. 67 0.97 [0.80, 1.17]
Total events: 280 (Load reduction), 321 (Control)
Test for heterogeneity: Chiz = 2.59, df = 12 (P = 1.00), 12 = 0%
Test for overall effect: Z = 0.31 (P = 0.76)
02 Sucralfate vs. Antacids
Tryba 1987 17/ 50 15/ 50 —a 2.99 1.20 [0.52, 2.79]
Thomason 1996 B 5/ 40 19/ 82 —_— 3.30 0.47 [0.16, 1.38]
Bonten 1995 32/ 67 27174 et 4.05 1.59 [0.81, 3.12]
Prod'hom 1994 B 12/ 41 32/81 —_— 4.60 0.63 [0.28, 1.42]
Subtotal (95% CI) 198 287 L 2 14.94 0.97 [0.65, 1.45]
Total events: 66 (Load reduction), 93 (Control)
Test for heterogeneity: Chiz =5.12, df = 3 (P = 0.16), 12= 41.4%
Test for overall effect: Z = 0.14 (P = 0.89)
03 Sucralfate vs. placebo
Eddleston 1994 4/ 14 6/12 1.40 0.40 [0.08, 2.02]
Subtotal (95% CI) 14 12 1.40 0.40 [0.08, 2.02]
Total events: 4 (Load reduction), 6 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.11 (P = 0.27)
04 Sucralfate vs. H2-Antagonists+Antacids
Maier 1994 6/ 47 11/51 — 2.78 0.53 [0.18, 1.58]
Subtotal (95% CI) 47 51 - 2.78 0.53 [0.18, 1.58]
Total events: 6 (Load reduction), 11 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.14 (P = 0.25)
06 Placebo vs. Pirenzepine
Hanisch 1998 A 6/ 28 12/ 44 2.22 0.73 [0.24, 2.23]
Subtotal (95% CI) 28 44 2.22 0.73 [0.24, 2.23]
Total events: 6 (Load reduction), 12 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.56 (P = 0.58)
07 Placebo vs. H2-Antagonists
Hanisch 1998 B 6/ 29 7/ 57 ——— 1.13 1.86 [0.56, 6.17]
Subtotal (95% CI) 29 57 < 1.13 1.86 [0.56, 6.17]
Total events: 6 (Load reduction), 7 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.02 (P = 0.31)
08 Acidified Enteral Feeds
Tulaimat 2005 1/16 2/13 0.63 0.37 [0.03, 4.57]
Heyland 1999 15/ 49 71 46 1.51 2.46 [0.90, 6.74]
Subtotal (95% CI) 65 59 2.14 1.85 [0.75, 4.56]
Total events: 16 (Load reduction), 9 (Control)
Test for heterogeneity: Chiz = 1.89, df = 1 (P = 0.17), 12 = 47.0%
Test for overall effect: Z = 1.33 (P = 0.18)
09 Early Gastrostomy
Kostadima 2005 6/ 20 10/21 2.06 0.47 [0.13, 1.70]
Subtotal (95% CI) 20 21 2.06 0.47 [0.13, 1.70]
Total events: 6 (Load reduction), 10 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 1.15 (P = 0.25)
10 Small Intestinal vs. Gastric Feeding
Kortbeek 1999 4] 37 3/ 43 B a— 0.75 1.62 [0.34, 7.74]
Montecalvo 1992 5/ 19 5/19 —_— 1.11 1.00 [0.24, 4.24]
Kearns 2000 5/21 6/23 —_— 1.32 0.89 [0.23, 3.48]
Subtotal (95% CI) 77 85 - 3.18 1.10 [0.48, 2.53]
Total events: 14 (Load reduction), 14 (Control)
Test for heterogeneity: Chiz = 0.34, df = 2 (P = 0.84), 12= 0%
Test for overall effect: Z = 0.22 (P = 0.83)
11 Intermittent Enteral Feeding
Bonten 1996 9/ 30 6/ 30 —_—— 1.27 1.71 [0.52, 5.62]
MacLeod 2007 11/79 6/81 . 1.54 2.02 [0.71, 5.76]
Subtotal (95% CI) 109 111 - 2.81 1.88 [0.86, 4.13]
Total events: 20 (Load reduction), 12 (Control)
Test for heterogeneity: Chiz = 0.04, df = 1 (P = 0.84), 2= 0%
Test for overall effect: Z = 1.58 (P = 0.11)
12 Enteral Naloxone
Meissner 2003 6/38 7143 — 1.67 0.96 [0.29, 3.17]
Subtotal (95% Cl) 38 43 - 1.67 0.96 [0.29, 3.17]
Total events: 6 (Load reduction), 7 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.06 (P = 0.95)
Total (95% Cl) 1793 2118 ® 100. 00 0.99 [0.85, 1.16]
Total events: 430 (Load reduction), 502 (Control)
Test for heterogeneity: Chiz = 19.58, df = 29 (P = 0.91), I2= 0%
Test for overall effect: Z = 0.09 (P = 0.93)

0.01 0.1 1 10 100

Favours load reduct.  Favours control



Results

Sucralfate vs. antacids

Mortality rates were not different between the g®ureceiving sucralfate and antacids,
respectively (OR = 0.97, 0.65 — 1.45).

Other interventions

There was no evidence for an effect on mortalitggan any of the reference groups of the other

interventions.

The overall result of the interventions attemptitay preserve a low gastric pH was not
statistically significant regarding mortality rat€3R = 0.99, 0.85 — 1.16).

Length of ICU stay

The overall result for the length of ICU stay shdwso significant change in this outcome
(WMD = 0.65, -0.70, 1.99), with discordant sign#it results of the two subgroups of sucralfate
versus H-antagonists plus antacids (WMD = -4.50, -8.8911Pand intermittent enteral feeding
(WMD = 1.10, 0.52, 1.68) (Table 15). Neverthele=ss;h of them was only represented by one

study with abstractable data for this outcome.

Table 15: Outcomes Gastrointestinal | nterventions: | nter ventionsto reduce the bacterial reflux load

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control  OR OR WMD stay
group [95% CI] [95% CI] [95% CI] WM

[95% CI]
Colardyn Sucralfate 56/ 0.83 0.90
1990 vs. H- 57 [0.39, 1.75] [0.43, 1.89]
antagonists

Cook Sucralfate 604/ 0.81 0.96

1998 vs. H- 596 [0.61, 1.06] [0.74, 1.26]
antagonists

Driks Sucralfate 21/ 1.68

1987 B vs. H- 17 [0.14, 20.33]
antagonists

Eddleston Sucralfate 30/ 0.22 1.19 2.20 3.00

1991 vs. H- 30 [0.05, 0.91] [0.37, 3.85] [1.55, 2.85] [2.10, 3.90]

antagonists

Fabian Sucralfate 99/ 1.01 0.89

1993 vs. H- 179 [0.59, 1.74] [0.46, 1.71]

antagonists

Kantorova Sucralfate 69/ 0.87 1.27 -0.40 -2.20

2004 vs. H- 71 [0.28, 2.74] [0.52, 3.06] [-3.10, 2.30] [-5.36, 0.96]

antagonists

Kappstein Sucralfate 49/ 0.43 0.66

1991 vs. H- 55 [0.19, 0.99] [0.26, 1.69]

antagonists

Laggner Sucralfate 16/ 0.18 1.00 -0.30

1989 vs. H- 16 [0.01, 3.97] [0.25, 4.00] [-2.81, 2.21]

antagonists
Pickworth Sucralfate 39/ 1.42 0.54
1993 vs. H- 44 [0.40, 5.07] [0.09, 3.13]
antagonists

Prod’hom Sucralfate 42/ 0.38 0.88

1994 A vs. H- 80 [0.13, 1.09] [0.39, 1.96]
antagonists

Ryan Sucralfate 58/ 1.12 1.19

1993 vs. H- 56 [0.38, 3.33] [0.55, 2.56]

antagonists
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Stoehr
1998 A

Thomason
1996 A

Tsiotras
1993

Subtotal:

Bonten
1995
Driks
1987 A
Mahul
1992 A
Prod’hom
1994 B
Thomason
1996 B
Tryba
1987
Subtotal:

Eddleston
1994

Driks
1987 C

Maier
1994

Sirvent
1994

Subtotal:

Holzapfel
1990

Hanisch
1998 A

Hanisch
1998 B

Heyland
1999
Tulaimat
2005
Subtotal:

Kostadima
2005

Kearns
2000

Kortbeek
1999

Montecalvo
1992

Subtotal:

Sucralfate
vs. H-
antagonists
Sucralfate
vs. H-
antagonists
Sucralfate
vs. H-
antagonists

Sucralfate
VS. antacids
Sucralfate
VS. antacids
Sucralfate
vs. antacids
Sucralfate
Vs. antacids
Sucralfate
VS. antacids
Sucralfate
vs. antacids

Sucralfate
vs. placebo

Sucralfate
vSs. H-
antagonists +
antacids
Sucralfate
VS. H-
antagonists +
antacids
Sucralfate
vSs. H-
antagonists +
antacids

No treatment
vSs. H-
antagonists +
antacids

Placebo
VS. pirenzepine

Placebo

VS. H-
antagonists

Acidified
enteral feeds
Acidified
enteral feeds

Early
gastrostomy

Small intestinal
Vs. gastric
feeding

Small intestinal
Vs. gastric
feeding

Small intestinal
Vs. gastric
feeding

16/
34

40/
80

50/

14/

20/
13

47/
51

29/
32

67/

28/
44

29/
57

49/
46
16/
13

20/
21

21/
23

37/
43

19/
19

2.20
[0.13, 37.59]

1.18
[0.53, 2.60]

0.37
[0.14, 0.96]

0.77
[0.64, 0.93] (f)

1.05
[0.47, 2.32]
0.37

[0.07, 1.91]
0.70

[0.31, 1.57]
0.49

[0.17, 1.42]
1.04

[0.48, 2.27]
0.22

[0.05, 0.89]
0.70

[0.47, 1.02] ()

2.78
[0.10, 74.70]

0.06
[0.01, 0.60]

0.71
[0.28, 1.81]

0.67
[0.22, 2.09]

0.52
[0.27, 1.01] ()

1.52
[0.47, 4.92]

1.23
[0.40, 3.79]

1.23
[0.40, 3.79]

0.36
[0.09, 1.50]
2.77

[0.25, 30.38]
0.64

[0.21, 1.98] (f)

0.18
[0.03, 0.99]

1.57
[0.31, 8.01]

0.51
[0.10, 1.32]

0.18
[0.01, 4.00]

0.61
[0.28, 1.32] (f)

0.75
[0.17, 3.31]

1.29
[0.39, 4.22]

1.23
[0.50, 3.02]

0.97
[0.80, 1.17] (f)

1.59
[0.81, 3.12]

0.63
[0.28, 1.42]
0.47

[0.16, 1.38]
1.20

[0.52, 2.79]
0.97

[0.65, 1.45] (f)

0.40
[0.08, 2.02]

0.53
[0.18, 1.58]

0.73
[0.24, 2.23]

1.86
[0.56, 6.17]

2.46
[0.90, 6.74]
0.37

[0.03, 4.57]
1.85

[0.75, 4.56] (f)

0.47
[0.13, 1.70]

0.89
[0.23, 3.48]

1.62
[0.34, 7.74]

1.00
[0.24, 4.24]

1.10
[0.48, 2.53] (f)

-2.50
[-4.11, -0.89]

-0.19
[-2.88, 2.50] (r)

-4.40
[-8.89, 0.09]

-0.30
[-8.43, 7.83]

-4.00
[-10.21, 2.21]

-1.20
[-7.01, 4.61]

251
[-6.75, 1.73] (1)

0.63
[-4.45, 5.71] (r)
-2.20

[-12.73, 8.33]
-45

[-8.89, -0.11]
0.00

[-8.46, 8.46]
1.00

[-0.18, 2.18]
-0.60

[-6.70, 5.50]
0.94

[-0.22, 2.10] ()
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Results

Bonten Intermittent 30/ 1.00 1.71
1996 enteral feeding 30 [0.26, 3.89] [0.52, 5.62]
MacLeod Intermittent 79/ 1.35 2.02 1.10
2007 enteral feeding 81 [0.73, 2.26] [0.71, 5.76] [0.52, 1.68]
Skiest Intermittent 9/ Not estimable
1996 enteral feeding 7
Tamowicz Intermittent 20/ 0.46
2007 enteral feeding 20 [0.11, 1.94]
Subtotal: 1.11 1.88
[0.66, 1.87] (f) [0.86, 4.13] (f)
Meissner Enteral 38/ 0.41 0.96
2003 naloxone 43 [0.17, 1.01] [0.29, 3.17]
Yavagal Enteral 58/ 1.20
2000 metoclopramide 78 [0.56, 2.57]
Total: 0.77 0.99 -1.03 0.65
[0.66, 0.88] (f) [0.85, 1.16] (f) [-3.41, 1.35] (r) [-0.70, 1.99] (r)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

d) H,-antagonist vs.antacid

Pneumonia

One trial was identified comparing the,-keceptor antagonist ranitidine and the antacid
pirenzepine for stress ulcer prophyla3i§The odds ratio was numerically larger than one ¢€OR
4.00, 0.95 — 16.92), favoring pirenzepine, butrémult failed to reach statistical significance (p
= 0.06) (Table 16).

Table 16: Outcomes Gastrointestinal Interventions: Ranitidine vs. pirenzepine

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control  OR OR WMD stay
group [95% CI] [95% CI] [95% CI] WMD
[95% CI]
Tryba H.-antagonist 28/ 3.00
1988 vs. antacid 33 [0.95, 16.92]

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

e) Enriched enteral nutrition

Pneumonia/ Mortality

Summarizing the data of four trials implementingpemula of enriched enteral nutrition does
not suggest a significant reduction of pneumoniR €1.38, 0.51 — 3.75) or mortality rates (OR
=0.71, 0. 40 — 1.27) (Table 1%)60.239.321
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Table 17: Outcomes Gastrointestinal I nterventions. Enriched enteral nutrition

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% Cl] [95% Cl] [95% Cl] WMD

[95% CI]

Caparros Enriched 122/ 1.62 0.70

2001 enteral nutrition 98 [0.88, 2.98] [0.39, 1.27]

Houdijk Enriched 35/ 0.27

1998 enteral nutrition 37 [0.09, 0.81]

Mendez Enriched 22/ 2.42 0.95

1997 enteral nutrition 21 [0.68, 8.64] [0.06, 16.28]

Spindler-Vesel  Enriched 87/ 3.53

2007 enteral nutrition 26 [1.12, 11.13]

Total: 1.38 0.71

[0.51, 3.75] (r) [0.04, 1.27] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

f) Early enteral nutrition

Pneumonia

Two trials met our inclusion criteria, but both thém had discordant significant results, so no
evidence for an effect of early enteral nutritiam the incidence of pneumonia could be shown
(OR = 0.83, 0.11 — 6.23) (Table 1'8}. 1

Mortality
The outcome for mortality was not significant (OR.€5, 0.31 — 1.37) (Table 18).

Table 18: Outcomes Gastrointestinal Interventions: Early enteral nutrition

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU

Control OR OR WMD stay

group [95% CI] [95% CI] [95% CI] WMD

[95% CI]
Ibrahim Early enteral 75/ 2.20 0.69 3.80
2002 nutrition 75 [1.13,4.29] [0.32, 1.47] [0.18, 7.42]
Kompan Early enteral 27/ 0.28 0.30 -2.70 -4.70
2004 nutrition 25 [0.09, 0.88] [0.01, 7.63] [-9.71, 4.31] [-12.82, 3.42]
Total: 0.83 0.65 2.39
[0.11, 6.23] (1) [0.31, 1.37] (f) [-0.92, 5.70] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

s)] Enteral vs. parenteral feeding

Pneumonia/ Duration of MV
One trial comparing enteral with parenteral feedime our inclusion criteri&*

Pneumonia rates were significantly reduced in théept group receiving enteral feeding
(OR=0.30, 0.10-0.85), as was the duration of MV (ID#40.40, -0.75- -0.05) (Table 19).
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Table 19: Outcomes Gastrointestinal Interventions. Enteral vs. parenteral feeding

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control  OR OR WMD stay
group [95% CI] [95% CI] [95% CI] WMD
[95% CI]
Kudsk Enteral 51/ 0.30 -0.40
1992 vs. parenteral 45 [0.10, 0.85] [-0.75, -0.05]
feeding

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.

3.7. Positioning
a) Rotational therapy

Pneumonia

Six trials studying the effects of rotational th@yamet our inclusion criteria. Fadr % 14 126

implemented a kinetic therapy, an automated turmhghe patient in his bed of at least 40
degrees to each side, and tWo?**implemented a continuous lateral rotation theré@lyRT),

an automated turning of the patient of up to 40ees

Overall, pneumonia rates were significantly redusegbatients undergoing rotational therapy
(OR =0.34, 0.23 - 0.52).

Both of the subgroups showed a significant redactb the incidence of pneumonia, with a

greater impact in the kinetic therapy group (Fig2ité.

Figure 21: Positioning: Rotational therapy, pneumonia outcomes.

Review: Positioning

Comparison: 01 Rotational therapy

Outcome: 01 Pneumonia

Study Rotational Ther. Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/iN 95% CI % 95% CI

01 Kinetic therapy

Demarest 1989 0/ 16 4114 —— 5.75 0.07 [0.00, 1.45]
Gentilello 1988 5/ 27 13/ 38 _— 10.91 0.44 [0.13, 1.42]
Fink 1990 7/51 19/ 48 — 20.93 0.24 [0.09, 0.65]
Ahrens 2004 14/ 97 45/ 137 —.— 39.57 0.34 [0.18, 0.67]
Subtotal (95% CI) 191 237 ‘ 77.17 0.31 [0.19, 0.51]
Total events: 26 (Rotational Ther.), 81 (Control)

Test for heterogeneity: Chiz = 1.58, df = 3 (P = 0.66), 12 = 0%

Test for overall effect: Z = 4.68 (P < 0.00001)

02 CLRT

Kirschenbaum 2002 3/17 10/ 20 _—e 9.38 0.21 [0.05, 0.98]
Maclintyre 1999 9/ 52 13/51 — 13.45 0.61 [0.24, 1.59]
Subtotal (95% Cl) 69 71 ’ 22.83 0.45 [0.20, 0.99]
Total events: 12 (Rotational Ther.), 23 (Control)

Test for heterogeneity: Chiz = 1.31, df = 1 (P = 0.25), I2= 23.5%

Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI) 260 308 ‘ 100. 00 0.34 [0.23, 0.52]
Total events: 38 (Rotational Ther.), 104 (Control)

Test for heterogeneity: Chiz = 3.46, df = 5 (P = 0.63), I2= 0%

Test for overall effect: Z = 5.05 (P < 0.00001)

0.01 0.1 1 10 100
Favours rot. ther.  Favours control
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Mortality

There was no significant impact on mortality ratethe subgroups or the overall estimate (OR =
1.12, 0.77 — 1.63) (Figure 22).

Figure 22: Positioning: Rotational therapy, mortality outcomes.

Review: Positioning
Comparison: 01 Rotational therapy
Outcome: 02 Mortality
Study Rotational ther. Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% Cl % 95% CI
01 Kinetic therapy
Gentilello 1988 7127 5/ 38 —_—— 5.87 2.31 [0.65, 8.27]
Demarest 1989 8/ 16 6/ 14 —_—r— 6.10 1.33 [0.32, 5.64]
Fink 1990 10/ 51 8/ 48 —— 12.63 1.22 [0.44, 3.40]
Ahrens 2004 41197 58/ 137 52.93 1.00 [0.59, 1.69]
Subtotal (95% CI) 191 237 _t 77.53 1.16 [0.76, 1.76]
Total events: 66 (Rotational ther.), 77 (Control)
Test for heterogeneity: Chiz = 1.48, df = 3 (P = 0.69), I2= 0%
Test for overall effect: Z = 0.69 (P = 0.49)
02 CLRT
Kirschenbaum 2002 1/17 2/ 20 —_— 3.30 0.56 [0.05, 6.81]
Maclintyre 1999 15/ 52 14/51 —— 19.18 1.07 [0.45, 2.53]
Subtotal (95% Cl) 69 71 - 22. 47 1.00 [0.44, 2.24]
Total events: 16 (Rotational ther.), 16 (Control)
Test for heterogeneity: Chiz = 0.23, df = 1 (P = 0.63), I2= 0%
Test for overall effect: Z=0.01 (P = 0.99)
Total (95% CI) 260 308 ‘ 100. 00 1.12 [0.77, 1.63]
Total events: 82 (Rotational ther.), 93 (Control)
Test for heterogeneity: Chiz = 1.81, df =5 (P = 0.87), I2= 0%
Test for overall effect: Z = 0.61 (P = 0.54)
0.01 0.1 1 10 100
Favours rot. ther.  Favours control
Table 20: Outcomes Positioning: Rotational therapy
Study ID Intervention Study/ Pneumonia Mortality Duration of Length of ICU
Control OR OR MV stay
group [95% CI] [95% CI] WMD WMD
[95% CI] [95% CI]
Ahrens Kinetic therapy 97/ 0.34 1.00 0.61 -0.18
2004 137 [0.18,0.67]  [0.59,1.69] [-2.40,3.62] [-3.42,3.06]
Demarest Kinetic therapy 16/ 0.07 1.33
1989 14 [0.00,1.45]  [0.32,5.64]
Fink Kinetic therapy 51/ 0.24 1.22
1990 48 [0.09,0.65]  [0.44, 3.40]
Gentilello Kinetic therapy 27/ 0.44 2.31 -1.50 1.80
1988 38 [0.13,1.42]  [0.65,9.27] [4.79,1.79]  [5.34,8.94]
Subtotal: 0.31 1.16 -0.35 0.16
[0.19,051] [0.76,1.76] [-2.58,1.87]  [-2.79, 3.11] (f)
® ® ®
Kirschenbaum Continous lateral rotation therapy 17/ 0.21 0.56 -3.00
2002 (CLRT) 20 [0.05,0.98]  [0.05,6.81]  [-7.19,1.19]
Macintyre Continous lateral rotation therapy 52/ 0.61 1.07
1999 (CLRT) 51 [0.24,1.59]  [0.45, 2.53]
Subtotal: 0.45 1.00
[0.20,0.99]  [0.44, 2.24]
® ®
Total: 0.34 112 -0.93
[0.23,0.52] [0.77, 1.63] [-2.90, 1.03]
® ® ®

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

44



Results

b) Prone vs. supine positioning

Pneumonia

Four trials studied prone as opposed to supingiposig in the prevention of pneumorifa*®
229.31prone sessions ranged from four hours dilp eight hours®, eight to twenty-threé®
and 20 hour€®. Overall there was a lack of evidence for a trestineffect, although the odds

ratio was numerically less than one (OR = 0.79 6-3.07) (Figure 23) (Table 21).

Figure 23: Positioning: Prone vs. Supine positioning, pneumonia outcomes.

Review: Positioning
Comparison: 02 Prone vs. supine positioning
Outcome: 02 Pneumonia
Study Prone pos. Supine pos. OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Voggenreiter 2005 10/ 21 13/ 19 —_— 7.25 0.42 [0.12, 1.53]
Beuret 2002 5/ 25 10/ 26 _— 7.95 0.40 [0.11, 1.41]
Mancebo 2006 14/ 76 9/ 60 —_— 8.32 1.28 [0.51, 3.20]
Guerin 2004 85/ 413 91/378 76. 49 0.82 [0.58, 1.14]
Total (95% CI) 535 483 100. 00 0.79 [0.59, 1.07]
Total events: 114 (Prone pos.), 123 (Supine pos.)
Test for heterogeneity: Chiz = 3.15, df = 3 (P = 0.37), 2= 4.7%
Test for overall effect: Z = 1.53 (P = 0.13)

0.01 0.1 1 10 100

Favours prone pos.  Favours supine pos.

Mortality

Results were similar for mortality; although noatgitically significant, the odds ratio was
numerically less than one (OR = 0.47, 0.20 — 1(ERjure 24).

Figure 24: Positioning: Prone vs. supine positioning, mortality outcomes.

Review: Positioning

Comparison: 02 Prone vs. supine positioning

Outcome: 01 Mortality

Study Prone pos. Supine pos. OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
Voggenreiter 2005 5/ 21 16/ 19 —_— 16. 15 0.06 [0.01, 0.29]
Beuret 2002 7/ 25 12/ 26 —_— 21.50 0.45 [0.14, 1.45]
Mancebo 2006 38/ 76 37/ 60 —-— 28.67 0.62 [0.31, 1.24]
Guerin 2004 179/ 413 159/ 378 - 33.67 1.05 [0.79, 1.40]
Total (95% CI) 535 483 ’ 100. 00 0.47 [0.20, 1.13]
Total events: 229 (Prone pos.), 224 (Supine pos.)

Test for heterogeneity: Chiz = 14.98, df = 3 (P = 0.002), 12 = 80.0%

Test for overall effect: Z = 1.68 (P = 0.09)

0.01 0.1 1 10 100
Favours prone pos.  Favours supine pos.
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Table 21: Outcomes Gastrointestinal Interventions: Prone vs. supine positioning

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay
Control group OR OR WMD WMD
[95% CI] [95% CI] [95% CI] [95% CI]
Beuret Prone 25/ 0.40 0.45 -1.90 -2.90
2002 Vs. supine positioning 26 [0.11, 1.41] [0.14, 1.45] [-9.75, 5.95] [-13.45, 7.65]
Guerin Prone 413/ 0.82 1.05 -0.40
2004 VS. supine positioning 378 [0.58, 1.14] [0.79, 1.40] [-1.55, 0.75]
Mancebo Prone 76/ 1.28 0.62 1.40
2006 Vs. supine positioning 60 [0.51, 3.20] [0.31, 1.24] [-5.73, 8.53]
\Voggenreiter  Prone 21/ 0.42 0.06 -9.00
2005 VS. supine positioning 19 [0.12, 1.53] [0.01, 0.29] [-25.21, 7.21]
Total: 0.79 0.47 -0.47 0.05

[059,1.07] (f) [0.20,1.13] ()  [-161,066] (f)  [-5.86,596] (f)

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

C) Semirecumbent vs. supine positioning

Pneumonia

Three trials studied the impact of semirecumbesttpming as opposed to supine positioning on
pneumonia rate¥: 1'% 3*4The result did not achieve significance (p=0.G8)ough the odds
ratio was less than one (OR = 0.40, 0.15 — 1.04)u(E 25).

A fourth trial, combining semirecumbency with suliitjic secretion drainage was integrated in a
separate analysis, with the result for pneumontasraemaining non-significant (p=0.07)
(OR=0.47, 0.21-1.06) (Figure 28Y. Potential confounding due to subglottic secretioginage

is minimal, since results for this intervention yed to be highly significant in our analysis

(3.8.a)), and would have led to more positive rssilan negative ones, as opposed to our case.

Figure 25: Positioning: Semirecumbent vs. supine positioning, pneumonia outcomes, analysis|.

Review: Positioning

Comparison: 03 Semirecumbent vs. supine positioning

Outcome: 01 Pneumonia

Study Semirecumbent pos. Supine pos. OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
Keeley 2007 5/17 7113 — = 24.65 0.36 [0.08, 1.62]
Drakulovic 1999 3/39 16/ 47 B a— 28.69 0.16 [0.04, 0.61]
Nieuwenhoven 2006 16/ 112 20/ 109 —.— 46. 66 0.74 [0.36, 1.52]

Total (95% Cl) 168 169 ‘ 100. 00 0.40 [0.15, 1.04]
Total events: 24 (Semirecumbent pos.), 43 (Supine pos.)

Test for heterogeneity: Chi2 = 4.19, df =2 (P = 0.12), 2= 52.2%
Test for overall effect: Z = 1.87 (P = 0.06)

0.01 0.1 1 10 100

Favours semirecumb.  Favours supine pos.
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Figure 26: Positioning: Semirecumbent vs. supine positioning, pneumonia outcomes, analysis|1.

Review: Positioning
Comparison: 03 Semirecumbent vs. supine positioning
Outcome: 01 Pneumonia
Study Semirecumbent pos. Supine pos. OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% CI
Girou 2004 5/8 6/ 10 —_—— 13.83 1.11 [0.16, 7.51]
Keeley 2007 5/17 7113 — = 19. 68 0.36 [0.08, 1.62]
Drakulovic 1999 3/39 16/ 47 —_— 23.48 0.16 [0.04, 0.61]
Nieuwenhoven 2006 16/ 112 20/ 109 —.— 43.01 0.74 [0.36, 1.52]
Total (95% CI) 176 179 o 100. 00 0.47 [0.21, 1.06]
Total events: 29 (Semirecumbent pos.), 49 (Supine pos.)
Test for heterogeneity: Chi2 = 4.82, df = 3 (P = 0.19), 2= 37.7%
Test for overall effect: Z=1.83 (P = 0.07)

0.01 0.1 1 10 100

Favours semirecumb.  Favours supine pos.

Mortality

Mortality rates were not influenced by the manmewhich patients were positioned (OR = 0.92,
0.54 - 1.56) (Figure 27).

Figure 27: Positioning: Semirecumbent vs. supine positioning, mortality outcomes.

Review: Positioning
Comparison: 03 Semirecumbent vs. supine positioning
Outcome: 02 Mortality
Study Semirecumbent pos. Supine pos. OR (random) Weight OR (random)
or sub-category n/N n/N 95% CI % 95% Cl
Drakulovic 1999 7139 13/ 47 24.24 0.57 [0.20, 1.62]
Nieuwenhoven 2006 44/ 112 41/ 109 75.76 1.07 [0.62, 1.85]
Total (95% CI) 151 156 100. 00 0.92 [0.54, 1.56]
Total events: 51 (Semirecumbent pos.), 54 (Supine pos.)
Test for heterogeneity: Chiz=1.11, df = 1 (P = 0.29), I2=9.8%
Test for overall effect: Z = 0.30 (P = 0.76)

0.01 0.1 1 10 100

Favours semirecumb.

Favours supine pos.

Table 22: Outcomes Positioning: Semirecumbent vs. supine positioning

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU stay
Control group  OR OR WMD WMD
[95% CI] [95% CI] [95% CI] [95% CI]
Keeley Semirecumbent 17/ 0.36
2007 Vs. supine positioning 13 [0.08, 1.62]
Drakulovic Semirecumbent 39/ 0.16 0.57 -1.10 -0.40
1999 Vs. supine positioning 47 [0.04, 0.61] [0.20, 1.62] [-3.89, 1.69] [-3.57, 2.77]
Nieuwenhoven Semirecumbent 112/ 0.74 1.07
1999 VS. supine positioning 109 [0.36, 1.52] [0.62, 1.85]
Total analysis 0.40 0.93
I: [0.15,1.04] (r)  [0.58, 1.51] (f)
Girou Semirecumbency + 8/ 1.11
2004 subglottic secretion 10 [0.16, 7.51]
drainage
Total analysis 0.47
Il: [0.47,0.21,
1.06] (r)

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.
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3.8. ET Tubes
a) Subglottic secretion drainage

Pneumonia

Eight trials ventilating their patients using a Gjpé endotracheal tube that allows subglottic

secretion drainage through a lumen above the tufienet our inclusion criteridl: 22 218. 227 241,

319, 323, 359
Lorente et al. additionally used a newly designelyyrethane cuff tube and this was therefore
analyzed in a separate subgréti.

Overall, VAP rates were significantly decreasedpgtients undergoing subglottic secretion
drainage (OR = 0.34, 0.24 — 0.49) (Figure 28), as also true for both of the subgrous.

Figure 28: ET Tubes: Subglottic secretion drainage, pneumonia outcomes

Review: ET Tubes

Comparison: 01 Subglottic secretion drainage

Outcome: 01 Pneumonia

Study Subgl. secr. drain. Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI

01 Subgl. secr. drain. with conventional (ployvinyl cuff) tube

Stohr 1998 B 0/ 16 4/ 34 —_— 2.69 0.21 [0.01, 4.05]
Metz 1998 5/ 10 10/ 14 _ 3.93 0.40 [0.07, 2.18]
Liu 2006 3/ 48 10/ 50 _ 8. 65 0.27 [0.07, 1.04]
Smulders 2002 3/75 12/ 75 —_— 10. 85 0.22 [0.06, 0.81]
Bo 2000 8/ 35 15/ 33 — 11.22 0.36 [0.13, 1.01]
Mahul 1992 B 9/ 70 21/ 75 —— 16. 65 0.38 [0.16, 0.90]
Valles 1995 14/ 76 25/ 77 —a 19.09 0.47 [0.22, 1.00]
Subtotal (95% Cl) 330 358 ‘ 73.09 0.36 [0.23, 0.54]

Total events: 42 (Subgl. secr. drain.), 97 (Control)
Test for heterogeneity: Chiz = 1.40, df = 6 (P = 0.97), 2= 0%
Test for overall effect: Z = 4.82 (P < 0.00001)

02 Subgl. secr. drain. with polyurethane cuff tube
Lorente 2007 11/ 140 31/ 140 —- 26.91 0.30 [0.14, 0.62]
Subtotal (95% ClI) 140 140 ‘ 26.91 0.30 [0.14, 0.62]
Total events: 11 (Subgl. secr. drain.), 31 (Control)
Test for heterogeneity: not applicable

Test for overall effect: Z = 3.22 (P = 0.001)

Total (95% Cl) 470 498 ‘ 100. 00 0.34 [0.24, 0.49]
Total events: 53 (Subgl. secr. drain.), 128 (Control)

Test for heterogeneity: Chi2 = 1.59, df = 7 (P = 0.98), 2= 0%
Test for overall effect: Z =5.79 (P < 0.00001)
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Favours subgl. dr.  Favours control

Mortality

Overall, there was no evidence for an effect reiggrdnortality rates (OR = 0.88, 0.64 — 1.22)
(Figure 29).

In the second subgroup, combining subglottic semredrainage with a polyurethane cuff tube,
the OR was numerically less than one, without rechtatistical significance (OR = 0.77, 0.43
—1.38).

48



Results

Figure 29: ET Tubes: Subglottic secretion drainage, mortality outcomes

Review: ET Tubes
Comparison: 01 Subglottic secretion drainage
Outcome: 02 Mortality
Study Subgl. secr. drain. Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 Subgl. secr. drain. with conventional (polyvinyl cuff) tube
Bo 2000 0/ 35 0/ 33 Not estimable
Stohr 1998 B 3/16 13/ 34 — 8.51 0.37 [0.09, 1.56]
Smulders 2002 12/ 75 10/ 75 — 10.58 1.24 [0.50, 3.07]
Liu 2006 5/ 48 11/ 50 — 12.16 0.41 [0.13, 1.29]
Mahul 1992 B 17/ 70 16/ 75 —f—— 14.73 1.18 [0.54, 2.57]
Valles 1995 30/ 76 28/ 77 ——— 21.20 1.14 [0.59, 2.19]
Subtotal (95% ClI) 320 344 <& 67.18 0.94 [0.64, 1.38]
Total events: 67 (Subgl. secr. drain.), 78 (Control)
Test for heterogeneity: Chi2 = 4.63, df =4 (P = 0.33), 2= 13.6%
Test for overall effect: Z=0.33 (P = 0.74)
02 Subgl secr. drain. with polyurethane cuff tube
Lorente 2007 26/ 140 32/ 140 32.82 0.77 [0.43, 1.38]
Subtotal (95% ClI) 140 140 1 32.82 0.77 [0.43, 1.38]
Total events: 26 (Subgl. secr. drain.), 32 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 0.88 (P = 0.38)
Total (95% Cl) 460 484 < 100. 00 0.88 [0.64, 1.22]
Total events: 93 (Subgl. secr. drain.), 110 (Control)
Test for heterogeneity: Chi2 = 4.98, df = 5 (P = 0.42), 2= 0%
Test for overall effect: Z=0.77 (P = 0.44)

0.01 0.1 1 10 100

Favours subgl. dr.  Favours control

Duration of MV/ Length of ICU stay

With abstractable data of only three trials, nondigant difference could be shown in the
duration of MV, although the weighted mean diffexenvas numerically less than zero (WMD =
-1.10, -2.49 — 0.30) (Table 23).

The length of ICU stay was significantly decreasedsidering the two trials assessing this
outcome (WMD = -2.76, from -4.48 to -1.04) (Tabi).2

Table 23: Outcomes ET Tubes: Subglottic secretion drainage

Study ID  Intervention Treatment/  Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [96% CI] [95% CI] [95% CI] [95% CI]
Stohr Subglottic 32/ 1.06 0.37
1998 secretion 34 [0.06, 17.77] [0.12,1.15]
drainage

Metz Subglottic 10/ 0.40

1998 secretion 14 [0.07, 2.18]
drainage

Liu Subglottic 48/ 0.27 0.41 0.00

2006 secretion 50 [0.07, 1.04] [0.13, 1.29] [-4.83, 4.83]

drainage

Smulders  Subglottic 75/ 0.22 1.24 -1.30 -3.00

2002 secretion 75 [0.06, 0.81] [0.50, 3.07] [-2.88, 0.28] [-4.86, -1.14]

drainage

Bo Subglottic 35/ 0.36 Not estimable

2000 secretion 33 [0.13, 1.01]

drainage
Mahul Subglottic 70/ 0.38 1.18
1992 B secretion 75 [0.16, 0.90] [0.54, 2.57]

drainage
Valles Subglottic 76/ 0.47 1.14
1995 secretion 77 [0.22,1.00] [0.59, 2.19]

drainage
Subtotal 0.36 0.94 -1.18

[0.23, 0.54] [0.64, 1.38] [-2.67, 0.32]

Lorente Subglottic 140/ 0.30 0.77 -0.60 -1.40
2007 secretion 140 [0.14, 0.62] [0.43, 1.38] [-4.33, 3.13] [-5.84, 3.04]
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drainage
Total: 0.34 0.88 -1.10 -2.76
[0.24, 0.49] (f) [0.64, 1.22] (f) [-2.49, 0.30] (f) [-4.48, -1.04] (f)

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.

b) Silver-coated tube

Pneumonia

In two recently published trials comprising morarth1l600 patients, the influence of a silver
coated ET tube on VAP rates was investigatéd®Overall, pneumonia rates were significantly
reduced (OR=0.62, 0.44 — 0.89) (Figure 30) (Taldle 2

Figure 30: ET Tubes: Silver coated tube, pneumonia outcomes.

Review: ET Tubes
Comparison: 02 Silver coated tube
Outcome: 01 Pneumonia
Study Silver coated tube Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Rello 2006 44/ 78 52/ 77 —.— 29. 66 0.62 [0.32, 1.20]
Kollef 2008 37/ 766 56/ 743 E 1 70. 34 0.62 [0.41, 0.96]
Total (95% CI) 844 820 ’ 100. 00 0.62 [0.44, 0.89]
Total events: 81 (Silver coated tube), 108 (Control)
Test for heterogeneity: Chiz = 0.00, df = 1 (P = 1.00), 2= 0%
Test for overall effect: Z = 2.59 (P = 0.010)
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Mortality/ Duration of MV

Data of the two secondary outcomes, mortality andation of MV, could only be abstracted
from the trial of Rello et al. and were not sigcdfintly different, although the weighted mean
difference for the duration of MV was larger that@ (WMD = 1.80, -0.04 — 3.64) (Table 24).

Table 24: Outcomes ET Tubes: Silver coated endotracheal tube

Study ID  Intervention Treatment/  Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [96% CI] [95% CI] [95% CI] [95% CI]

Rello Silver coated 78/ 0.62 1.29 1.80

2006 endotracheal 77 [0.32, 1.20] [0.62, 2.69] [-0.04, 3.64]

tube

Kollef Silver coated 766/ 0.62

2008 endotracheal 743 [0.41, 0.96]

tube

Total: 0.62

[0.44, 0.89]

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.
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C) Automated control of endotracheal tube cuff pressur

Pneumonia/ Mortality

Whether the automated control of the tube cuffsues had an impact on VAP rates was studied
by one recently published tri¥i’ An effect on VAP rates could not be significanfiyoven,
although the odds ratio was numerically less tha (@R = 0.69, 0.32 — 1.47) (Table 25).

Although the odds ratio was larger than one, mitytehtes were not significantly different (OR
=1.40, 0.70 — 2.77).

Table 25: Outocmes ET Tubes: Automated control of endotracheal tube cuff pressure

Study ID  Intervention Treatment/  Pneumonia Mortality Duration of MV Length of ICU stay
Control OR OR WMD WMD
group [96% CI] [95% CI] [95% CI] [95% CI]
Valencia Automated 73/ 0.69 1.40 -2.58
2007 control of 69 [0.32, 1.47] [0.70, 2.77] [-4.31, -0.85]
endotracheal
tube cuff
pressure

Abbreviations: OR: odds ratio, Cl: confidence irtdy WMD: weighted mean difference, (f): fixed affe model, (r): random effects model.

3.9. Non-classifyable preventive strategies
a) Aerosolized antibiotics

Pneumonia

Four trials applying the aerosolized antibiotickazdimeé? 3 gentamicif® and polymyxirf®*

to the lungs met our inclusion criteria.

The overall outcome indicates a significant reductiof VAP rates in patients receiving
aerosolized antibiotics (OR = 0.55, 0.34 — 0.8TyFe 31).
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Figure 31: Non-classifyable preventive strategies. Aerosolized antibiotics, pneumonia outcomes

Review: Non-classifyable preventive strategies
Comparison: 01 Aerosolized antibiotics
Outcome: 01 Pneumonia
Study Aerosol. antibiotics Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
01 aerosolized ceftazidime
Claridge 2007 26/ 53 26/ 52 28.48 0.96 [0.45, 2.07]
Wood 2002 6/ 20 13/ 20 —_— 19. 38 0.23 [0.06, 0.87]
Subtotal (95% ClI) 73 72 47.85 0.67 [0.35, 1.27]
Total events: 32 (Aerosol. antibiotics), 39 (Control)
Test for heterogeneity: Chi2 = 3.35, df = 1 (P = 0.07), 2= 70.1%
Test for overall effect: Z=1.23 (P = 0.22)
02 aerosolized gentamicin
Li 2002 21/ 57 32/ 57 —— 43.04 0.46 [0.22, 0.97]
Subtotal (95% Cl) 57 57 ‘ 43.04 0.46 [0.22, 0.97]
Total events: 21 (Aerosol. antibiotics), 32 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.05 (P = 0.04)
03 aerosolized polymyxin
Greenfield 1973 2/33 4/ 25 — = 9.11 0.34 [0.06, 2.02]
Subtotal (95% CI) 33 25 el 9.11 0.34 [0.06, 2.02]
Total events: 2 (Aerosol. antibiotics), 4 (Control)
Test for heterogeneity: not applicable
Test for overall effect: Z=1.19 (P = 0.23)
Total (95% Cl) 163 154 ’ 100. 00 0.55 [0.34, 0.87]
Total events: 55 (Aerosol. antibiotics), 75 (Control)
Test for heterogeneity: Chi2 = 4.23, df = 3 (P = 0.24), 2= 29.1%
Test for overall effect: Z=2.52 (P = 0.01)
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Mortality

The effect of aerosolized antibiotics on mortaliites failed to reach statistical significance,
although the odds ratio was numerically less tha (@R = 0.66, 0.31 — 1.42) (Figure 32).

Figure 32: Non-classifyable preventive strategies: Aerosolized antibiotics, mortality outcomes

Review: Non-classifyable preventive strategies

Comparison: 01 Aerosolized antibiotics

Outcome: 02 Mortality

Study Aerosol. antibiotics Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI

01 aerosolized ceftazidime

Claridge 2007 7153 6/52 32.14 1.17 [0.36, 3.74]
Wood 2002 3/20 6/ 20 31.18 0.41 [0.09, 1.95]
Subtotal (95% CI) 73 72 63. 32 0.79 [0.32, 1.98]

Total events: 10 (Aerosol. antibiotics), 12 (Control)
Test for heterogeneity: Chiz=1.10, df = 1 (P = 0.29), 2= 9.4%
Test for overall effect: Z = 0.49 (P = 0.62)

02 aerosolized polymyxin
Greenfield 1973 4/ 33 6/ 25 . 36. 68 0.44 [0.11, 1.76]
Subtotal (95% CI) 33 25 -~ 36. 68 0.44 [0.11, 1.76]
Total events: 4 (Aerosol. antibiotics), 6 (Control)
Test for heterogeneity: not applicable

Test for overall effect: Z =1.17 (P = 0.24)

Total (95% CI) 106 97 ‘ 100. 00 0.66 [0.31, 1.42]
Total events: 14 (Aerosol. antibiotics), 18 (Control)

Test for heterogeneity: Chiz=1.61, df = 2 (P = 0.45), 2= 0%
Test for overall effect: Z = 1.06 (P = 0.29)

0.01 0.1 1 10 100
Favours aer. antib. ~ Favours control
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b) IV antibiotics

Pneumonia

Data about the influence of systemic antibioticptrgaxis on VAP rates was available from
three trials whose antibiotic regimens consistedaothree-day application of ampicillin-
sulbactarfy four-day administration of cefotaxifié and two doses of cefuroxiftté There was
evidence for a significant treatment effect of eyst antibiotic prophylaxis (OR = 0.56, 0.32 —
0.99) (Figure 33).

Figure 33: Non-classifyable preventive strategies. 1V antibiotics, pneumonia outcomes

Review: Non-classifyable preventive strategies

Comparison: 02 IV antibiotics

Outcome: 01 Pneumonia

Study IV antibiotics Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Acquarolo 2005 9/ 19 10/ 19 16.79 0.81 [0.23, 2.89]
Martinez-Pellus 1994 9/ 59 8/ 54 22.59 1.04 [0.37, 2.91]
Sirvent 1997 12/ 50 25/ 50 —.— 60. 62 0.32 [0.13, 0.74]
Total (95% Cl) 128 123 100. 00 0.56 [0.32, 0.99]

Total events: 30 (IV antibiotics), 43 (Control)
Test for heterogeneity: Chi2 = 3.41, df =2 (P = 0.18), 2=41.4%
Test for overall effect: Z =1.98 (P = 0.05)
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Mortality/ Duration of MV

There was no significant difference in mortalityesa(OR = 1.14, 0.59 — 2.18) (Table 26). The
duration of MV was significantly increased in theogp receiving systemic antibiotic
prophylaxis (WMD = 1.70, -0.04 — 3.44).

C) Pharyngeal vs. tracheal decontamination

Pneumonia/ Mortality/ Duration of MV/ Length of ICUstay

Whether a decontamination regimen was administierdéide pharynx or directly into the trachea
had no significant impact on pneumonia (OR = 1032 — 11.43) (Table 26}°

There was no effect on mortality rates (OR = 0021 — 2.48). Neither the results for the
duration of MV (WMD = 3.00, -0.32 — 6.32) nor thength of ICU stay (WMD = 2.00, -1.83 —
5.83) were statistically significant, although theighted mean differences for both of the

outcomes were larger than zero.
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d) Systemic search for maxillary sinusitis

Pneumonia/ Mortality

Whether the search for maxillary sinusitis in nesdteally intubated patients, in order to reduce
cross infection, had an impact on the occurrencéAdt was studied by one large randomized
controlled trial*>” Using a log-rank test the authors were able terites a significant reduction

in the rate of VAP (relative risk 0.61, p=0.02 I@mk test) and in the morality rate (relative risk

0.71, p=0.03 logrank test). However, this metaysialwas using a binary approach that does
not take the time course into consideration andetbes the odds ratio for the VAP rate (0.67,

0.41 - 1.08) and mortality rates (OR = 0.68, 0.4602) failed statistical signficance (Table 26).
e) Chest physiotherapy

Pneumonia/ Mortality

A study of chest physiotherapy demonstrated a fsogmit reduction of VAP (OR = 0.14, 0.03 —
0.70); however, there was no evidence of a treateféect regarding mortality rates (OR = 1.20,
0.33 — 4.42) (Table 2678

f) Manual lung hyperinflation and postural drainage

Pneumonia/ Mortality

A trial studying the effects of manual lung hypé@ation and postural drainage showed neither a
significant effect on VAP rates (OR=0.79, 0.16-4.0@r on mortality rates (0.20, 0.01-4.40)
(Table 26§’

s)] Granulocyte colony-stimulating factor

Pneumonia

A study administering two different doses of a granyte-stimulating factor failed to show a
significant effect on the incidence of pneumoni&(©2.15, 0.38 — 12.06) (Table Z65.
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h) Decontamination of the subglottic area

Pneumonia/ Mortality/ Length of ICU stay

Decontamination of the subglottic area with nonabable antibiotics led to a significant
reduction of pneumonia rates in the trial implenmenthis regimen (OR = 0.17, 0.05 — 0.56)
(Table 26)*"

Whereas the results for mortality rates were diedilty not significant, the length of ICU stay in
the study group was significantly reduced (WMD 06 -10.78 - -3.22) (Table 26).

)] Early PEEP

Pneumonia/ Mortality

The administration of early PEEP, studied by twaldr demonstrated significantly decreased
VAP rates (OR = 0.41, 0.18 — 0.91), but had no ichma mortality rates (OR = 0.96, 0.54 —
1.71) (Table 26¥3" 2¢°

) Antioxidant therapy

Pneumonia/ Mortality/ Length of ICU stay

Two small trials demonstrated a significant reduttof pneumonia rates by administering two
different regimen of antioxidant therapy (OR = 0.0D3 — 0.42) (Figure 34) (Table Z8)*"

In the trial where data on mortality and the lengthlICU stay was abstractable, no deaths
occurred. The length of ICU stay was significarméguced (WMD = -13.80, -21.52 - -6.09)
(Table 26).

Figure 34: Non-claasifyable preventive strategies. Antioxidant therapy, pneumonia outcomes.

Review: Non-classifyable preventive strategies
Comparison: 13 Antioxidant therapy
Outcome: 01 Pneumonia

Study Treatment Control OR (fixed) Weight OR (fixed)
or sub-category n/N n/N 95% CI % 95% CI
Porter 1999 3/9 8/9 —— 37.43 0.06 [0.01, 0.76]
Berger 2006 6/18 13/ 17 — . 62.57 0.15 [0.03, 0.68]
Total (95% CI) 27 26 ‘ 100. 00 0.12 [0.03, 0.42]

Total events: 9 (Treatment), 21 (Control)
Test for heterogeneity: Chi2 = 0.37, df = 1 (P = 0.54), 2= 0%
Test for overall effect: Z = 3.29 (P = 0.001)
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K) Endonasal mupirocin

Pneumonia

The effect of the administration of endonasal mupir on MRSA pneumonia was not
significant (OR = 0.54, 0.11 — 2.58) (Table 26).

Table 26: Outcomes non-classifyable preventive strategies

Study ID Intervention Study/ Pneumonia Mortality Duration of MV Length of ICU
Control OR OR WMD stay
group [95% CI] [95% Cl] [95% Cl] WMD
[95% CI]
Claridge Aerosolized 53/ 0.96 1.17
2007 ceftazidime 52 [0.45, 2.07] [0.36, 3.74]
Greenfield Aerosolized 33/ 0.34 0.44
1973 polymyxin 25 [0.22, 0.97] [0.11, 1.76]
Li Aerosolized 57/ 0.46
2002 gentamicin 57 [0.22, 0.97]
Wood Aerosolized 20/ 0.23 0.41 -2.00 -2.00
2002 ceftazidime 20 [0.06, 0.87] [0.09, 1.95] [-9.46, 5.46] [-9.13, 5.13]
Total: 0.55 0.66
[0.34, 0.87] () [0.31, 1.42] (f)
Acquarolo Iv antibiotics 19/ 0.07 0.80 -0.70 0.20
2005 19 [0.00, 1.32] [0.22, 2.95] [-5.94, 4.54] [-5.66, 6.06]
Martinez-Pellus Iv antibiotics 59/ 1.04 1.05 2.00 1.00
1994 54 [0.37, 2.91] [0.35, 3.13] [0.15, 3.85] [-2.87, 4.87]
Sirvent Iv antibiotics 50/ 0.32 1.54 -3.00
1997 50 [0.13, 0.74] [0.53, 4.42] [-6.77, 0.77]
Total: 0.44 114 1.70 -0.83
[0.24, 0.80] () [0.59, 2.18] (f) [-0.04, 3.44] (f) [-3.29, 1.62] (f)
Martinez-Pellus Pharyngeal 31/ 1.93 0.72 3.00 2.00
1996 vs. tracheal 28 [0.32, 11.43] [0.21, 2.48] [-0.32, 6.32] [-1.83, 5.83]
decontamination
Holzapfel Systemic search 199/ 0.67 0.68 1.50 1.90
1999 for maxillary 200 [0.41, 1.08] [0.46, 1.02] [-1.32, 4.32] [-0.95, 4.75]
sinusitis
Ntoumenopoulos  Chest 24/ 0.14 1.20
2002 physiotherapy 36 [0.03, 0.70] [0.33, 4.42]
Ntoumenopoulos  Manual lung 22/ 0.79 0.20 0.90 0.60
1998 hyperinflation and 24 [0.16, 4.00] [0.01, 4.40] [-1.76, 3.56] [-2.41, 3.61]
postural drainage
Heard Granulocyte 13/ 1.27
1998 A colony-stimulating 8 [0.10, 16.81]
factor
Heard Granulocyte 14/ 3.2
1998 B colony-stimulating 9 [0.30, 34.59]
factor
Total: 215
[0.38, 12.06] (f)
Pneumatikos Decontamination 31/ 0.17 0.63 -1.00 -7.00
2002 of subglottic area 30 [0.05, 0.56] [0.18, 2.27] [-3.06, 1.06] [-10.78, -3.22]
Manzano Early PEEP 64/ 0.30 1.24
2008 63 [0.11, 0.84 [0.57, 2.71]
Pepe Early PEEP 44/ 0.70 0.70
1984 48 [0.18, 2.67] [0.29, 1.67]
Porter Antioxidant 9/ 0.06 -13.80
1999 therapy 9 [0.01, 0.76] [-21.52, -6.09]
Berger Antioxidant 18/ 0.15
2006 therapy 17 [0.03, 0.68]
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Total: 27/ 0.12
26 [0.03, 0.42] ()
Di Filippo 1999 Endonasal 24/ 0.54
mupirocin 24 [0.11, 2.58]

Abbreviations: OR: odds ratio, Cl: confidence intdr WMD: weighted mean difference, (f): fixed effe model, (r): random effects model.
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4. Discussion

The results of this meta-anylsis and systematieevesuggest that it is possible to reduce the
rate of VAP by certain mechanical, chemical andbéotic strategies.

Of the five intervention groups, the interventiathst were statistically significant and were
supported by more than one study are non-invasemilation, the aspiration of subglottic
secretions, the administration of antibiotics, @itin form of selective decontamination of the
digestive tract (SDD), administered as an aerastie lungs or administered intravenously. The
same is true for oral care with antiseptics, positig of the patient with rotational therapy,

sucralfate (instead of Fantagonists) and antioxidant therapy.

Various interventions proved to be effective, bwdrevrepresented by only one study. These
included antioxidant therapy, chest physiotherapgce element supplementation, subglottic
decontamination, early gastrostomy and enteralg@usof parenteral) nutrition.

The results and their clinical relevance are disedsbelow. All interventions are evaluated in
regard to earlier recommendations for its usagehieycurrent VAP prevention guidelines of
different expert groups. The exact guideline recemdations are listed in the appendix of this
document (Table 54). The quoted guidelines arednent CDC guidelines for the prevention of
health-care associated pneumdtliathe guidelines published by the American Thoracic
Society, the original and updated version by a Canadigergroug® 2*® of a European expert

group*® and of an American expert grdtip
4.1. Oral Care

a) Antiseptic decontamination

Our results show a significant reduction of pneummamtes in long-term ventilated patients
receiving oral decontamination with antisepticgjuding chlorhexidine, iseganan and povidone-

iodine. There was no evidence for an effect on atibytrates.

In their central guidelines for the prevention &R/and nosocomial pneumonia, the CDC and
the American Thoracic Society recommend chlorhedduse for cardiac surgery only**
According to their statement there is no eviderareaf benefit in the general ICU population,
what is in contrast to our results. Their recomnagioths are mainly based on two randomised
controlled trials showing a positive effect on VAges in cardiac surgery patiefits®* whereas

other trials identified by our search remain unnmd. Nevertheless, in the latest guideline on
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VAP prevention of the Canadian expert group, thba@ns state that the use of chlorhexidine and

povidone-iodine should be considered, whereasdbayot recommend the use of isegaff&n.

Of the three agents, chlorhexidine is the mostsitely studied, being a promising antiseptic
agent, with resistance rates of pathogens thatoaver than those developing with antibiotic
decontaminatior> 3!% 3*2Recently, three metaanalyses were published asml stiowed a
significant reduction of pneumonia rates by chlaitiee applicatiorr’ * *®*As opposed to our
anaylsis though, cardiac surgery patients wereuded in their calculations. This may have led
to an overinterpretation of their results, sincePVAver definition derives from long-term

ventilation, which is not the case in most of cacdsurgery patients.
Iseganan and povidone-iodine have each been sthyliede recently published trial.

In a large multicenter study, Kollef et al. did reftow a significant reduction of pneumonia or
mortality rates by applying a solution of isegartanthe buccal cavity’? Although low

resistance rates make iseganan an attractive’Ageaking the results of this high quality and
well powered trial into account, currently therent evidence for a reduction of VAP rates with

iseganan use.

The application of a povidone-iodine solution te tares and pharynx in a study by Seguin et
al. led to a highly significant reduction of pneume rates in a population of head injury
patients’® Due to the small sample size and the limited pag®pulation of this study, these
results should be reproduced in a large randonupettolled trial in order to evaluate the effect
in a general ICU population. If results are positipovidone-iodine could be considered a

powerful oral antiseptic agent in the preventioVAP.

Even though our inclusion criteria were strict, golimitations to our results have to be

mentioned.

First, studies were rather heterogeneous in thesigds, applying chlorhexidine in varying
concentrations, intervals and application manngms. study of Koeman et al. was the only study
with a significant reduction of pneumonia ratein statistical modei’® At the same time, it
was one of two studies with the highest concemtngtiand the highest frequency of
chlorhexidine application, including the buccal itgand not teeth and gingiva alone, as in other

studies.

Secondly, there were two studies that were includemther meta-analyses and would have met
our inclusion criterid® ?** However, in the original publications importantalan VAP rates

was missing, and the data reported in those metlyses was inconsisterit.”® ¥ Thus, we
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made several attempts for clarification from themary authors of the studies but did not get

verification that allowed us to included any datari these two studies.

Overall, oral decontamination with antiseptics,eesglly chlorhexidine, seems to be an effective

and safe strategy for the prevention of VAP.
4.2. Airway Management

a) Tracheostomy

Thus far no clear recommendations have been fotetilegarding the timing of tracheostomy
in ventilated patients, by various reviews and W& prevention guideline of the Canadian
expert group? 3% 144 222 2%8This is mainly due to the lack of good quality alaand

prospectively designed studies. In their evideraseld guidelines on weaning and discontinuing
ventilatory support, Maclintyre et al. thereforeamenend early tracheostomy only if there is a
benefit for the patient, as there is less sedalimner respiratory resistance, a psychological

benefit and enhanced mobilf7

Although more recently conducted RCTs includedunmeta-analysis have not been considered
by these guidelines, the question of when to perfar tracheostomy can not be completely
clarified with the evidence availabté.3* 4> 2% 302rhe data seems to show a trend towards a
reduction of pneumonia rates in early tracheostethizatients. Nevertheless, the differing time
points for early and late tracheostomy or prolongédbation between the studies as a potential
confounder have to be considered. Also, whereas ofidse studies were nonsignificant in their
results regarding VAP, two studies did show a siggmt reduction of pneumonia rat&s: 2%
Hence it could be possible, that the sample siteasmall to demonstrate a significant overall

treatment effect of early tracheostomy.

Early tracheostomy is considered superior to pgdohintubation because mortality rates were
significantly reduced in the subgroup of early wsrtate tracheostomy. The length of ICU stay

was significantly reduced in both of the studiedguoups.

At this point there is no clear evidence for aicltly relevant effect of early tracheostomy on
VAP. Nevertheless, early tracheostomy performed datys 1-8 seems to be favourable
considering a trend in the reduction of pneumomid @ortality rates, the duration of MV and
the length of ICU stay.
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b) Weaning

Our data demonstrated a significant reduction @&upmonia and mortality rates in patients that
were extubated early and then ventilated with maasive pressure ventilation. This is in
accordance with the fact that the ET tube is careid to be one of the greatest risk factors for
VAP by the authorities and experts in the fielderdfore, it should be removed as soon as
possible’® 135 144. 222, 248y, removing the tube, natural defense mechanismsckearing of the
airway is made possible, and the collection of aonhated secretions above the tube cuff and its
microleakage are prevented. A European expert ghagpproposed to further invastigate the
benefit of non-invasive ventilation for VAP previamt in 200£*° and the CDC and the American

Thoracic Society have recommended its implementat®soon as possibte™!

Even though two of the included trials strictly akimg did not perform weaning, since they
randomized their patients to either non-invasivanmasive MV from the beginning, without
having performed invasive MV with an endotrachealkt before, we included them in this group
due to the equivalence of the performed intervenitiocritically ill patients:® °® The fact that by
performing a sensitivity analysis excluding thesalg, results for weaning with non-invasive
MV regarding VAP rates remain highly significank(p001) proves that no bias was introduced

by the inclusion of these two trials.

The implementation of a weaning protocol in thedgtwf Marelich et al. failed to reach
statistical significance in reducing pneumonia sate comparison with physician directed
weaning®® Still, it seems reasonable to implement weaningtqmols in ICUs due to the
advantages that have been shown in earlier triadstlae advantages stated by clinical practice
guidelinest®® 104 190.222rhe American Thoracic Society also recommendsrtipementation of

weaning protocols in their prevention guidelifies.

Considering our results and the advantages explaal®ve, non-invasive MV should be

implemented in the weaning process whenever passibl

C) Closed vs. open endotracheal suctioning

According to our data, whether patients were suoetibby a closed or open method had no
significant impact on VAP. Our results agree witioge of three recently published meta-
analyses on this issue and the CDC-guidelines lamsetof the European expert group, that do
not recommend one method or the other for prevgntiP.10® 307 328. 331, 340, 3R ayertheless, a
Canadian expert group has recommended closed sungfion their original and updated

guidelines’™ 2* Although we identified one additional RCT in oumadysis which showed a
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significant reduction of pneumonia rates by closedtioning, it did not lead to a change of the
overall outcome and was a trial of limited quafftyThe results for the duration of MV, which

was significantly increased by the closed suctigrigthnique, could also have limited validity,
since it is basically resembled by one small stilly a weight of 99.479%>°

The advantage of the closed suctioning cathetdemsys an unchanged lung volume, alveolar
recruitment, oxygenation and lower levels of envinental contaminaticfr ®* 2?°, but on the
other hand there is evidence for an increased mi@raolonization of the catheter surface and
the lower respiratory traéf: *** **The closed system seems to be more expensivettaapen
system, although there are arguments for the agnifréhe catheter changes are limited to the

clinically necessary?: % 22

Taking into account our results and the literategorts, closed suctioning does not appear to be
superior to the open suctioning technique in tleyg@ntion of VAP.

d) Daily vs. no daily changes of in-line suction catiees

Our results gave no reason to assume that extarsdedf suction catheters increases pneumonia
rates. The CDC and the European expert group givecommendation regarding this issue, and
in a recently published VAP prevention guidelinbalmges with every new patient have been
recommended’® 33! 3*%s mentioned above, there are studies reportiognéamination of in-
line suction cathetet® 2% *°put the effect of changing suction catheters dailyat longer
intervals doesn’t seem to have an effect on pnewan@tes. To change suction catheters less
frequently in order to save costs therefore seeasilble and safe.

e) Heat and moisture exchanger (HME) vs. heated hunfieli (HH)

When comparing HMEs and HHs in VAP prevention vasionetaanalyses and guidelines now
recommend the use of HMEs® '8 |n contrast, most authors don't recommend one
humidification device or the oth&r®" 248 255, 308, 331 38 e grgument in favour of HMEs is to
keep away contaminated condensation of the wireuity that could otherwise reach the
patient's trachea and provoke infectith However, this has been alleviated by newer HH
devices with heated wire circuits that reduce thredensate to a considerable degree. And since
it is normally the patient’s bacteria that contaatés the circuits and not environmental germs, it

is not clear whether the contaminated condensaie @l role in the development of VAP

None of the subgroups showed a significant redoaifo/AP rates with any of the devices. Only

two single studies reached statistical significaimee using a HME, the other using a HH:
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Kirton et al. demonstrated a significant reductiddpneumonia rates in patients ventilated with a
HME, even though they were using heated wire discini their HH system’® In the latest
published study, Lorente et al. used an auto-féeanber in addition to heated wire circuits to
further reduce bacterial contamination, leadingthighly significant reduction of pneumonia
rates compared to the group ventilated with a HV{BVhether this auto-feed chamber is a new
device with the ability to significantly reduce d¢amination and pneumonia rates should be

further evaluated in another RCT.

HMEs can persuade with less care provider timecast savings® **® and since at this point
none of the humidification systems seem to lead twetter outcome in VAP rates the choice

should be made by individual considerations.

f) Extended use of heat and moisture exchangers (HME)

An extended use of HME for up to one week can saats and seems to be a feasible and safe
option according to our data. This is in accordamgth recommendations of the current
prevention guideline® 9 %8 33!Qyr results show a trend towards less VAP ratedeby
changes of the HME, while there was no signifigargact on the secondary outcomes.

In a study by Boisson et al. contamination rated p@rformance of a 48 hour versus a daily
change of HME as recommended by the manufacturers eompared. A contamination of the

ventilator’s side of the HME after 48 hours of useld not be found and a change in the HME’s
performance after 48 hours was not witnessed, réittitthese results are also true for a use of
up to 7 days needs to be proven, but seems taddg due to our results.

s)] Components of heat and moisture exchanger (HME)

There have been attempts to improve the performah¢tME by changing some of the filter
components, an aspect that has not been evaluatbe lguidelines so far. According to the lack
of effect obvious from our results, at this poiherte is no evidence for superiority of one

component over others.

h) Change of ventilator circuits

In addition to RCTs considered by earlier guidddirend reviews °” 92 248 331 340\y0 hayve

75, 215

identified new evidendé that strengthens earlier recommendations to ohignge

ventilator circuits when they are malfunctioningvasibly soiled.
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Our data shows that in a study by Craven et atieqig receiving circuit changes at a two day
interval instead of daily had a significantly loweAP rate.” It was therefore questioned,

whether by changing the circuits, the airway cdwccontaminated with environmental bacteria.

Even though in none of the other studies a lesguéet change of the circuits, with change-
intervals of up to seven days, led to a signifia@duction of pneumonia or mortality rates, not
changing circuits frequently seemed to have no thegampact on the development of VAP.

Furthermore, by changing circuits less frequentists and workload can be reducéd!®®

) Heated vs. non-heated wire circuits

Even though we mentioned earlier that heated witeiits are believed to reduce VAP rates by
partially hindering the formation of contaminatedndensation in the circuits, there was no
evidence for a reduction of pneumonia rates insthely of Branson et &l. Whether there is a
true lack of effect or if this was due to the snsainple size of this study, needs to be proven by
larger trials. As mentioned above, it might alsale the pathogenic role of the condensates are
overestimated> **® None of the guidelines has evaluated this detaihé airway management
strategy and its role for VAP prevention so far.

)] Oro- vs. nasotracheal intubation

Based on the only study from Holzapfel et al. reaclstatement can be made as to whether oro-
or nasotracheal intubation leads to lower VAP r&t&slthough this trial is the only one on this
issue, orotracheal intubation has widely been recended by current guidelines as the
preferable way of intubatioh.®> 248 331 340 Thjs js due to the evidence that although airway
complications might occur more often in orally ibp&led patients, maxillary sinusitis is a
frequent complication in nasotracheally intubatatigmts, and should therefore be considered a
reason to choose the oral route of intubatfofi” 294 303

K) Bacterial filter

According to the nonsignificant results of Lorerdge al. a recommendation for the use of
bacterial filters to prevent VAP does not seem eateu®’® Of the current guidelines, the CDC

gives no recommendation, and another expert groep dot recommend its usagé !
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4.3, Gastrointestinal Interventions

Although there is an ongoing debate about the agle® of the colonization of the upper
intestinal tract for the development of VAP **! various Gl interventions, most importantly the
selective decontamination of the digestive traddp and strategies to reduce the bacterial

reflux load, are subject of VAP research.

a) Selective decontamination of the digestive tracD(®

Considering the highly significant result (p < 01lQ@f our analysis there is no doubt about the
effectiveness of SDD in reducing VAP rates. Alltbé slightly varying methods of SDD show a
significant effect, with the application of topicaents to the buccal cavity and the Gl tract with
or without adding systemic antibiotics having thesmsignificant treatment effect. Mortality
rates could only be reduced significantly by comimntopical application with systemic

antibiotics.

Since Stoutenbeek et al. first published the conoéfBDD in 1984 there have been more
than fifty trials investigating its effects on icfeon rates and mortality in ICU patients. Eleven
meta-analyses concerning SDD have been publishékeifast two decades , all reporting a
significant reduction in pneumonia or other infens8, and all but three reporting significant
reductions of mortality rates, with two emphasizitige efficacy of topical and systemic
antibiotics combined, 7+ 1°0: 162 183, 210, 251, 301, 309, 310. ¥fr analysis is the first exclusively
taking into account its effectiveness in mechahyoantilated ICU patients. Although there is as
much evidence for a benefit as in the other fi@tlpreventive strategies, the fear of provoking
multiresistant bacterial strains keeps authorgied guidelines from recommending this strategy
for routine use in ICU patienfs®” 9% 248 331 3% hare js an ongoing debate as to what extent
resistance can develop and in which patients itilshstill be implemented. Also there are expert
groups negating the risk to enforce resistantie®f the twenty-seven trials included in our

analysis eight reported an increase in resistartehba strains, endorsing the concerns regarding
SDD.MO’ 204, 206, 279, 289, 304, 367, 377

SDD is effective in preventing VAP, but it is inegyone’s interest to prevent the emergence of
resistant bacterial strains, especially in ICUsgerehthe repercussions are severe. Therefore
individual factors of the patient’s health statusl aesistance patterns in ICUs should decide

whether the benefit for the patient outweighs thke of potentiating resistance.
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b) Selective decontamination of the digestive tracD(® with additional topical

antibiotics

By adding mupirocin to the classic topical SDD regn of tobramycin, polymyxin E and
amphotericin B, Nardi et al. showed a significaetrase of pneumonia rafé$Their aim was
to increase the effect of SDD due to the high rafeBIRSA (60%) in Italian ICUs. Two other
studies did find an alternative SDD regimen to uggesior over the conventional one.

Since resistance patterns of bacterial strainsediffom country to country, adding new
substances to the traditional components might ayato improve the effect of SDD, but the

efficacy and safety has to be evaluated in detaiefich of the new approaches.

C) Interventions to reduce the bacterial reflux load

Various interventions to decrease VAP rates by ceduthe bacterial reflux load have been

studied and were included in our analysis.

Among these, the type of stress ulcer prophylaxia central issue that has been evaluated by
several reviews and meta-analyses with somewhabmdiant results and recommendations for

implementatiorf’ 67,72-74, 92, 331, 340, 348-350

According to our data, sucralfate significantly desed VAP-rates compared tg-&htagonists.
Results just failed to reach significance when alfate was compared with kantagonists
combined with antacids (p=0.05) and when comparga antacids alone (p=0.06), but a trend
in the effectiveness can be assumed. Mortalitysratere not influenced by the type of stress

ulcer prophylaxis used.

The most adduced reason for concerns with prefgsucralfate over Hantagonists or antacids
is the possible risk of a higher incidence of blegdn patients treated with sucralfate. Of the
trials included in our analysis, Cook et al. repdra significantly higher incidence of bleeding in
the patient group receiving sucralfate comparethtse receiving btantagonist$! Since this
large trial provides about half of the patient plagion in this comparator group, a higher
incidence of bleeding has to be taken into accamhén clinicians decide to administer
sucralfate for stress ulcer prophylaxis for preiwmntof VAP. Nevertheless, it has to be
emphasized that none of the other trials reportetherease of bleeding in patients treated with

sucralfate.

Of the other attempts to reduce the bacterial buodeéhe stomach only the performance of early

gastrostomy in patients requiring enteral feedingai study of Kostadima et al. showed
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significant results in reducing VAP rate8.There was no significant effect on mortality, aud

far, none of the current guidelines have evalua@dy gastrostomy as a prevention strategy.
When interpreting these results, the small samigle af only 41 patients has to be taken into
account. Furthermore, gastrostomy as an invasithadas neither easy nor cheap to implement
on a broad ICU population. Therefore, more data amdevaluation of risks and benefits is

needed before it can be considered as a prevenmtdtategy for VAP.

The application of enteral naloxone in patientsarrmpioid analgesia in a trial of Meissner et al.
just failed to reach statistical significance with0.05 and the confidence interval extending to
1.01%" Naloxone has been shown to increase gastric emptgnd given enterally it has a local
but a limited systemic opioid-antagonistic effeaedo a high hepatic first-pass metabolisrn.
243 Meissner et al. showed that with enteral naloxtesuppressive effects of opioids on Gl
motility could be antagonized successfully and thatgastric tube reflux and pneumonia rates

were significantly reduced.

So far, this is the only RCT of naloxone administefor antagonism of opioid effects in the Gl
tract and it has not been mentioned by any of theefjnes thus far. The mechanism of action of
naloxone and its possible value for the preventdVAP in patients under opioid analgesia
sound very promising and more data of large RCTsladvbe helpful to evaluate its effects more

reliably.

With the enteral administration of metoclopramidégvagal et al. hypothesized reduced
pneumonia rates due to the antagonistic effecstdn dopaminergic D2 receptors of the upper
Gl tract!*? 3 Even though by this interaction the pressure ef ¢ésophageal sphincter and
gastric contractility is increased and therefore gastroesophageal reflux supposedly declines,
the authors could not demonstrate an effect nedhé&rAP rates in the subgroup included in our
analysis, nor on pneumonia rates in a more geri@dl population. Metoclopramide was

mentioned, but not recommended by one guideling%nl

Of the other interventions intented to reduce thetdrial reflux load, none showed significant

results in the reduction of VAP or mortality rates.

Intermittent as opposed to continuous enteral fegdvith the aim to decrease the gastric pH by
not feeding the patient continuously, had no eftecthe patient’s pneumonia or mortality rates.
Even though we did identify new evideAte®*? these results are in accordance with two of the

guidelines evaluating intermittent feeding, givimy recommendation for its usaffe**

In regard to small intestinal versus gastric fegdind the acidification of enteral feeds there was

no evidence for a treatment effect, although theais a trend in the results towards a reduction
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of pneumonia rates. There was no recommendatiodtr of these strategies by two of the
VAP prevention guideline¥: **! Further research with sufficiently powered RCTsesding a

possible positive effect are needed.

Overall, the reduction of the bacterial reflux loadh interventions that lower the gastric pH
levels proved to be clinically relevant, and seerbé an essential part in the prevention of VAP.
Nevertheless, not all interventions studied showeignificant treatment effect, partly due to a

lack of appropriately powered RCTSs.

d) H,-antagonist vs. antacid

So far, a superiority of Hanatagonists over antacids regarding the prevemtio/AP has not
been proven, and no recommendation for the use®bbthe two agents has been made by the
current VAP prevention guidelines.

Comparing the antacid pirenzepine with theadtagonist ranitidine, Tryba et al. could not @rov
a significant difference in the treatment effecfstliese agents, although there was a trend
towards a better outcome with pirenzepine (p=0’0%6n another trial, Thomason et al. did not
find a difference in the pneumonia rates of pasieateiving antacids or ranitidif&. This study
does not appear in the analysis of this compamgtoup for methodological reasons. Being a
study with three intervention groups, it was algeawbnsidered in the comparator group

sucralfate vs. antacids and patients would have betuded twice in the analysis.

Neither antacids nor #antagonists were superior with regard of the prewea of VAP.

e) Enriched enteral nutrition

Although some of the studies administering enricbetéral nutrition had significant effects of
both, de- and increased, VAP rates, the overadcetbf our analysis was not significant. Due to
the variable feeding formulas of the four trialsnsnarized in this group the results need to be

interpreted with caution.

Our results are in accordance with an earlier matlysis of immunonutrition of Heyland et al.,
who did not find a difference in infection and nadity rates in patients receiving enriched
enteral nutrition>* Nevertheless, another meta-analysis of immundiarriin critically ill
patients, published by Montejo et al. reported gnificantly lower rate of nosocomial
pneumonia, taking eleven studies into accétmbiscrepancies to our results can be explained

by the different patient population, since patiemtsthis meta-analysis did not have to be
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mechanically ventilated, whereas our inclusionecid were restricted to RCTs evaluating the

outcome VAP.

Of the VAP prevention guidelines only Collard et alade a statement regarding glutamine

nutritional support, giving no recommendation fisradministratior?’

At this point there is not enough data, or dat&oof discrepant feeding formulas, to discard an
effect of enriched enteral nutrition on VAP ratdshe beneficial effects of immunonutrition on
various infectious outcomes in a population oficaity ill patients reported by Montejo et al.
can also be reached in the subgroup of mechanicalijilated patients, needs to be proven by

sufficiently powered RCTs.

f) Early enteral nutrition

Our results of early enteral nutrition are diffictd interpret due to the diverging methods of

implementation between the two trials. While Komgaral**®

compare early enteral feeding at
admission to feeding after 24 hours, Ibrahim éf&tompare full caloric goals at day one or day
five after admission. While in the study of Kompanal. pneumonia rates were statistically

significantly decreased, the opposite was the iceiee study of Ibrahim et al.

A beneficial effect of enteral feeding regardindettious complications, especially compared
with parenteral nutrition can not be discarded, emdld be the reason for the result of Kompan
et al?*® #'? Nevertheless, bacterial overgrowth and gastroespesi reflux due to enteral
nutrition should be taken into account, and couplan the outcome of Ibrahim et al. Of the
guidelines only the European expert group makey eateral nutrition a subject of discussion
emphasizing the controversity in the possible henéft also disadvantag&®.Whether early
or late enteral nutrition plays a role in prevegtAP remains unclear and if the diverging

results are due to the different feeding protoceksds to be investigated in future trials.

s)] Enteral vs. parenteral feeding

Kudsk et al. showed a significant reduction of \WalRes and ventilator days in patients receiving
enteral nutrition support as opposed to those wittal parenteral feeding> This is in
accordance with a recently published guideline wfition support in mechanically ventilated
critically ill patients by Heyland et al., that ehgsized the superiority of enteral vs. parenteral
feeding regarding infectious complications by thsirong recommendatidi® In an earlier

meta-analysis, Moore et al. showed a reductioneptis complications in high risk surgical
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patients fed enteralf/® Of the VAP prevention guidelines only the AmericBmoracic Society

addresses this issue, recommending enteral feedrgparentera.

Due to our inclusion criteria of at least 90% of M¥me of the studies included by Heyland et
al., which were clearly below this margin, were mmiuded in our analysis. Still it is reasonable
to assume, that a certain regimen that brings aftiea critically ill patients in general is alsd
advantage for ventilated patients. Only the facit tenteral feeding can produce bacterial
overgrowth in the stomach, especially when the lbasvenalfunctioning and not processing the
food, could lead to the assumption that there ctnalchn adverse effect on VAP, which might
therefore be more frequent in these patients. ®rther hand, the protective features of enteral
feeding like improved wound healing, decreasedbwdi@a response to injury, Gl functioning,
and improvement of clinical outcomes, as reportedibyland et al. , seem to outweigh the risks

of enteral feeding?®

Even though the statistically significant resultesfteral versus parenteral feeding is supported
by only one study, taking additional evidence & literature into account, it is fair to assume a

clinically relevant effect of enteral over parealdeeding.
4.4. Positioning

a) Rotational therapy

Rotational therapy is one of various positioningatglgies that are implemented in the care of
ICU patients in order to improve oxygenation anevent the development of VAP.

Overall, results for rotational bed therapy and thduction of VAP rates were statistically
significant (p<0.01), with both of the subgroupsnédtic therapy (automated turning of the
patient in his bed of at least 40 degrees to ea#),sand continuous lateral rotation therapy
(CLRT, automated turning of the patient in his kefdup to 40 degrees to each side), being
significant. There was no clinically relevant dréace in mortality rates or the length of MV and

ICU stay between treatment and control groups hewev

Three recently published meta-analysis evaluatiatational therapy techniques reported
comparable results, even though these were paparbroader patient population, not solely on
mechanically ventilated patients 2> +*°

Despite this, the CDC provides no recommendatiansrdtational therapy as a preventive
strategy in their guidelines for the preventiorheflth-care associated pneumotiteOne reason

for this discrepancy might be that the CDC has alsasidered trials of a more general ICU
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population, not only mechanically ventilated patsere.g. a trial of liver transplant patients.sit i
possible, that mechanically ventilated patientshingpecifically benefit from rotational therapy.
Furthermore, the CDC did not consider all of thedsts included in this systematic review; in

addition no overall estimates were calculated @irttrecommendations.

Other guidelines claim that clinicians should kéegr implementation in mind. Again, some of
these guidelines did not include the latest pubboa which are included in this meta-analysis,

or considered interventions that failed to demanstefficacy according to our analy&fs? 248

In a recently published national survey of positigntherapy in German ICUs, Bein et al.
reported that approximately 30% of ICUs in Germdmgguently implement either CLRT or
kinetic therapy’ High costs for special beds and patient intolezaate the most frequent

reasons why kinetic therapy is not utilized.

Study quality of some of the included trials wag atways optimal, nevertheless rotational
therapy seems to be an effective method for theemteon of VAP. However, the high costs will

probably always limit its usage on a broad ICU grdtpopulation.

b) Prone vs. supine positioning

RCTs considering prone positioning as a prevergivategy for VAP have been published only
recently. They have shown that oxygenation can rbpraved by prone positioning, but
complications like pressure sores, tube obstructiod selective extubation have also been
reported'® 125 136, 205, 271, 287, 3%5 of the current VAP prevention guidelines am @ecently
published meta-analysis on prone positioning harguated prone positioning as a preventive

Strategy for VAé’ 12, 92, 248, 33'8

without recommending its usage for VAP preventapart from
one of the meta-analy&fs that included two trials not meeting our inclusimiteria. Results of
our analysis are statistically not significanthaligh with p=0.13 and p=0.09 for pneumonia and
mortality rates, respectively, one can note a treawlards a treatment effect. Prone sessions
differed slightly between groups, which might hantroduced bias to the interpretation of the
results. In contrast to the recently published raetalyses, we distracted the number of patients

with pneumonia at study entry for data analysitheftrial of Voggenreiter et &f°

Clinicians in Germany seem to consider prone pmsilg as advantageous, since according to
the survey of Bein et al. mentioned above, prorgtijoming is preferred over rotational therapy
of 39% of German ICUS:

A benefit regarding VAP could not be confirmed hy analysis, although we do not discard its
beneficial effect in lung oxygenation, which midig proven by future studies.
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C) Semirecumbent vs. supine positioning

Semirecumbent positioning is widely accepted in $Cbhd has been recommended as a
preventive strategy for nosocomial pneumonia irofithe recently published guidelinés®”
248, 331, 380These recommendations are mainly based on thésregiDrakulowic et al. and two
other studies, published by Orozco-Levi et al. aratres et al., revealing that in the
semirecumbent position the reflux of radioactiviglgelled gastric contents into the airways was
significantly lower than in the supine positi¥n?% 3**The trial of Draculovic had no intention-

to-treat analysis and excluded patients not maiathat 45° for more than 45 minutes.

In 2006 Nieuwenhoven et al. demonstrated in amtide-to-treat analysis that the targeted 45°
could not be reached, measuring backrest elevatittha computer-based pendulum syst&f.
The mean head-of-bed elevation achieved in thaglystvas about 30°, and compared to their

ICU standard of 10° head of bed elevation, thectdn of VAP rates was not significant.

The third study of our analysis of Keeley et aliathcompares 45° to 25° head-of-bed elevation,

statistically significant results in this small gyuof thirty patients were not achiev&d.

In a second analysis we integrated a study of Gataal. who combined semirecumbency of 30°
with subglottic secretion drainad€.Since subglottic secretion drainage has been pravée
highly significant in reducing pneumonia rates, wauld have expected an overinterpretation of
the treatment effect of semirecumbent positioniggirdegrating the results of this trial. But
considering the results were negative, we assuimednfluence on the outcome by subglottic
secretion drainage was minimal in this case, ad@cdhis trial to the analysis of this group.

Results of our analysis did not reach statistigaliEcance, not for pneumonia or mortality rates.
Still, the effect on pneumonia just failed to reatétistical significance in both of the analyses
(p=0.06, p=0.07). Due to the heterogeneity in thgles applied in the treatment and control
groups, we applied the random effects model fotyarsg however the test for heterogeneity was

not significant.

Draculovic and Keeley were the only authors whonodal to have reached the 45° degrees of
head-of-bed elevation, with a significant reductadriVAP rates in the Draculovic-study, and a
possible trend in the reduction of pneumonia ratethe study of Keeley et al. Nevertheless,
Nieuwenhoven et al. have demonstrated in a hightguaal that it is unclear that 45° head—of-
bed elevation in ICUs can be achieved, even whesnspecifically attempted for the concerns of
a study. Reasons might have been health-care woeladed or due to patient discomfort. The
achieved 30° of backrest elevation compared to dif@°not lead to a statistically significant

reduction of VAP rates. How Draculovic and Keeleached a head of bed elevation of 45°
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while other authors failed to do so is an intergstliscrepancy. Nieuwenhoven et al. argue that
elevating the patient head of bed too much, mial@ge around the tracheal tube cuff enhanced
by gravity could actually provoke nosocomial pneamo Also, according to the authors,
changing the patient’s position for medical or mgscare could facilitate microleakage.
Furthermore, they state that it might be more nealle to compare 45° to an elevation of 10°,
and not 0° as it was done by Drakulovic, Torres @nolzco-Levi, because a position of 0° does

not resemble real life conditions, especially ifigats are fed enterally.

There is evidence suggesting that backrest elevaifo45° significantly reduces VAP rates.
Nevertheless, we have to question the relevandhi®fpreventive strategy in reality, since the
targeted 45° are hardly achieved. Also, whethenair microleakage is enhanced by backrest

elevation due to gravity, needs to be investigateither.
4.5. ET Tubes

a) Subglottic secretion drainage

Our anaylsis showed a highly significant reduciwdrVAP rates in patients undergoing drainage
of subglottic secretions through a lumen above tthee cuff (p<0.01), while there was no
evidence for a reduction of mortality rates. Noi@es adverse events were reported. These
findings are in accordance with previous resultd aecommendations of meta-analyses and
guidelines, with the difference that we were aldeidentify new evidence underlining the
effectiveness of this strategy®® % 2*® 3*Controversies regarding subglottic suctioning regab

by the guideline of the European expert group, Wwische least recent of the guidelines, should

be clarified by the new evidence published afterdbmmunication of these guidelirés.

In contrast to the other studies, Lorente et dizetl newly developed tubes with a polyurethane
cuff.”*® Polyurethane used in tube cuffs promises an importeduction of microleakage,
although RCTs comparing conventional material vaittyurethane are still pending. Therefore,
the authors partly explain their positive resultwthis new cuff material.

Trial quality was good in most cases, althoughcalimn concealment was unclear in six of the

seven trials. Also, in the two Chinese studiesstietioning intervals were uncle&r*?

The study of Mahul et al. was conducted in a twdviny factorial design, and was the only study
in our analysis where patients were included twilcehe stress ulcer prophylaxis group and the
subglottic suctioning grouff” Since the authors have proven the absence ofaiien between

the two factors, the chance of having introduces bd our results by doing so can be discarded.
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The reported additional costs of about 25% forgpecial tubes needed for subglottic secretion
drainage should be taken into account with regardhe positive treatment effect of this
strategy’?’

Overall, subglottic secretion drainage has proeebet an essential strategy for the prevention of
VAP, even though mortality rates could not be pesiy influenced.

b) Silver-coated tube

VAP rates could be significantly reduced with a hewesigned silver-coated tube without
provoking adverse events associated with this devRello et al. did not reach a significant
reduction of pneumonia rates in a trial of 155 ¢ua, but did show a reduction of the bacterial
burden of the airway®* Kollef et al. conducted a multicenter trial with Barticipating centers
including 1509 patients and demonstrated a sigmfiaeduction of VAP rates. The authors
found the effect of the silver coated tube to keatgst within the first ten days of intubation. The
antimicrobial effect of silver and the reduction wbfilm formation and bacterial adhesion on
catheters has been described in the literafuf&, **’however the current guidelines have not
addressed this issue so far.

Overall, there seems to be sufficient evidenceotusitler silver coated tubes efficient and safe

devices for VAP prevention.

C) Automated control of endotracheal tube cuff pressur

Valencia et al., who recently developed a devicgfessure control, hypothesized a reduction in
leakage and subsequent pneumonia rates if cuffsymes are constantly maintained at
20mmHg*®® **’ Although the device functions reliably, there was significant effect on VAP
rates by automated control of the tube cuff pressWhether or not the little power was the
reason for the nonsigificant effect is difficulttigl at this point. Also, no statement can be made
for other devices used for tube cuff pressure obngince this was a study of a device developed
by the authors previously. Whether or not an autechaontrol of the tube cuff pressure has an

impact on VAP rates has not been evaluated byultelnes so far.
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4.6. Non-classifyable preventive strategies

a) Aerosolized antibiotics

Our results showed a significant reduction of pnewia rates by application of aerosolized

antibiotics, with no effect on mortality rates.

One aspect should be considered when these reseailisterpreted, though. The study of Li et al.
and Greenfield et al. were not blinded or placebotmlled!** **Neither blinding nor placebo-
control were inclusion criteria for our meta-anadysbecause for some of the preventive
strategies for VAP they are not reasonably prabl&caThis is not true for the application of
aerosolized antibiotics, though, which could hagerbeasily implemented in the study protocols

of these trials.

The latest published guideline on VAP prevention Ndyscedere et al. includes aerosolized
antibiotics in their considerations, giving no reguoendation for its implementation as a

preventive strateg}?®

Since a probable facilitation of resistance alwdwss to be taken into account when
administering antibiotics prophylactically and theare some methodological limitations to the
studies of this analysis, the application of aelimed antibiotics should be considered as a

preventive strategy for VAP with caution.

b) IV antibiotics

In patients receiving systemic antibiotic prophy$aX/AP rates were significantly reduced while
mortality rates were unchanged. This was mainlytdude results of Sirvent et al. who showed
a 50% reduction of pneumonia rates by administesihgofold dose of cefuroxime at intubation
and twelve hours latéf® The reason for a significant increase in the domadf MV is unclear to
us at this point and should not be overinterpretétout further investigation given the small

sample size.

So far, the administration of systemic antibiotiftes prevention of VAP has not been
recommended for general use by nearly all of theeati guidelines: %% 248 331 3¥hs mentioned
above, administering antibiotics prophylacticaltyiven the fear of creating resistance is

reasonable, and it is up to the clinician to ev&uhle pros and cons for their patient.
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C) Pharyngeal vs. tracheal decontamination

In the study of Martinez-Pellus et al. there was awidence demonstrating that pharyngeal
decontamination was superior to tracheal in redu®AP rates, which is an issue that has not
been addressed by the guidelines thu$*faompared with a historical control group, which
was not included in our analysis due to lack ofdnization, pneumonia rates were
significantly reduced by either one of the deconiteation strategies. This is in accordance with
the significant effect of other decontaminationatggies outlined above, whereas, given the
available data, tracheal decontamination does me@EmMsto be superior to pharyngeal

decontamination.

d) Systemic search for maxillary sinusitis

Even though not confirmed by our analysis (we ubedchi-square test) Holzapfel et al. were

able to demonstrate a significant reduction of VAfRes by systematically searching for

maxillary sinusitis via CT scalt! In addition, the authors were able to demonstateduction

in mortality but have cautiously recommended thethsresults need to be repeated. However,
since this intervention explicitly aims at patiemtibated by the nasotracheal route, it is unclear
whether orally intubated patients would benefitnfreystematically conducted CT scans to
detect sinusitis. This may be one of the reasong avity two of the current guidelines include

systemic search for maxillary sinusitis but doet@mmend its implementatidf.>*®

e) Chest physiotherapy

In a small study, Ntoumenopoulos et al. showedgaifstant reduction of pneumonia rates by
chest physiotherapy, consisting of gravity-assisleainage, chest wall vibrations and airway
suctioning twice daily”® According to these results chest physiotherapymseéo be an

appropriate method to assist in the clearanceeofuthgs from secretions which are impaired by
the endotracheal tube and MV. Nevertheless, sopectsof the physiotherapy treatment require

a cautious interpretation of these results.

First, airway suctioning as a determined part & piysiotherapy protocol alone might have
contributed to the positive outcome. The nursiraf ftiso implemented airway suctioning in the
control group, but only if considered necessaryamother study by the same author, which is
discussed below, postural drainage and manual hypgrinflation did not have significant
treatment effects on VAP raté¥.In that study, airway suctioning was part of thandard

nursing care and applied to both patient grougeeérsame manner.
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Second, the randomization according to the datedaifission and the small patient population
could have limited the validity of these result@dek et al. were the only that integrated chest
physiotherapy into their guidelines without reconmdtiag its usagé? In the updated version of
this guideline, this prevention strategy remainmentioned*®

More data with a sufficiently powered randomisedtoalled trial is needed to evealute the effect

of this physiotherapy protocol.

f) Manual lung hyperinflation and postural drainage

As mentioned above, Ntoumeopoulos et al. did notvsa reduction of pneumonia rates with a
physiotherapy protocol, implementing manual lungédnnflation and postural drainag¥.The
effects of manual lung hyperinflation, as there resexpansion of the atelectatic lungs,
improvement of the lung compliance and oxygenatisnwell as sputum clearance have been
reported in the literaturE> 22 268 293. 3l eyertheless, the applied pressure of 40mmHgiin th
trial could also have damaged the lung tissue hatkfore a treatment effect could have been

concealed. None of the current guidelines haveagghed this prevention strategy so far.

Whether a treatment effect on VAP was not proven tduhe little power of this study or due to
a lack of effect or even adverse effect of therirgstion, needs to be examined in a large

randomized controlled trial.

s)] Granulocyte colony-stimulating factor

The effect of a granulocyte colony-stimulating taas supposed to help the body in critically ill
patients to fight pathogens and infections by priamgothe differentiation and proliferation of
neutrophil precursor cells, prolonging the surviellneutrophils and acting as a chemotactic

trigger for granulocytes and TNF-alpha suppreséion 320 374

In a level Il trial implementing two different dasef the granulocyte colony-stimulating factor
filgrastim, Heard et al. could not show a signifit&reatment effect regarding VAP rates and of
the current guidelines only the CDC refers to glacyte colony-stimulating factors as a
preventive strategy but gives no recommendationt$onsage®® **'The authors argue that this
could be due to the late onset of filgrastim or tlu¢he small sample size of this study. They
also state that it might be due to the fact thigrdstim enhances lung tissue damage and
potential for ARDS due to the neutrophilia it pr&es and the neutrophil products that are
dispensed during migration to the lungs. These thgs®es should be explored by further
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investigations, therefore at this stage the rolgrahulocyte-stimulating factors as a preventive

strategy for VAP remains unclear.

h) Decontamination of the subglottic area

Pneumatikos et al. conducted a study of an anithittcontamination regimen of polymyxin E,
tobramycin and amphotericin B. This was continupwa ministered to the subglottic area and
suctioned at least once hourly through a dorsaleturof the ET- tubé’”® They added the
antibiotic regimen used for SDD, to the prevenstrategy of subglottic secretion drainage. The
reduction of VAP rates was highly significant (p88), but there was no influence on mortality
rates. Tracheal colonization and the length of staye significantly lower in the treatment
group.

The small sample size and some methodologic fegtlilee the nondescribed randomization
technique and the little concretized diagnosis néymonia, limit the quality of this trial.
Nevertheless, the antibiotic decontamination ofwial area for the development of VAP, the
subglottic area above the tube cuff, combined withglottic secretion drainage may add up the
effects of two preventive techniques that haveaalyeproven to be significant on their own. As
with the SDD regimen, resistance has to be takém @wcount, even though the area the
antibiotics are applied to is small. So far, thedglines have not mentioned decontamination of
the subglottic area as a preventive strategy, ame mata should be gathered to strengthen the
evidence available at this point.

) Early PEEP

In the study by Pepe et al. pneumonia rates cooide reduced by applying an early PEEP of
8cmH,0 for 72 hours in addition to intermittent positipeessure ventilatioff’ The same is true
for the main outcome, ARDS, and mortality ratesalnecently published trial by Manzano et
al>*L applying PEEP of 5-8cmi® to nonhypoxemic patients could significantly reeloVAP
rates, and the overall outcome of our analysigierreduction of VAP rates of early PEEP was
statistically significant. A protective effect oEEP regarding lung edema and ventilator-induced
lung injury has been described in the literatGr&® but so far, it has not been discussed by the

current guidelines.

Manzano et al. emphasize that their positive resurk only applicable to nonhypoxemic patients
and therefore the application of PEEP can not bemnenended for general use as a prevention
strategy. Nevertheless a positive treatment effeas evident from this trial and further
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investigation should strengthen this evidence anddcclarify whether the application of early

PEEP is protective for a general ICU population.

j) Antioxidant therapy

In severly ill patients, oxidative stress is highdathe possibility to support antioxidant
biochemical pathways by supplementation of tracmehts and vitamins, has been widely
described in the literatur@. 2" 27> 282.37pq 3 recently published meta-analysis of Heylanal.e

a possible survival benefit for ICU patients trelatgth antioxidant therapy containing selenium

was described, whereas this preventive strateggirsnunmentioned by the guidelings.

Two studies met our inclusion criteria and sigrifidy reduced VAP rates in a population of

burn and trauma patients, applying two differegimeens of a parenteral antioxidant therapy.

Berger et al. applied a regimen containing zindersam and copper through a central line

catheter during eight, fourteen or twenty-one daysgeverly burned patients.

The regimen applied to trauma patients by Portealetfor seven days, consisted of N-

acetylcysteine, selenium and vitamins C arfd*E.

The small patient populations of the studies cdiniit the validity of these results. Furthermore,
the publication of Berger et al. aggregates dattwof conducted randomized controlled trials.
Even though they were of almost identical desitpereé might be methodological limitations.
The first study was published in detail in 1988he second study was published as a poster but
did not give detailed information on the clinicaltcomes we were interested in, and we could
not include it in our analysfS.Since the study protocols were almost identigaérafrom the
slightly different time interval of study drug admstration (eight vs. fourteen and twenty-one
days), we considered the risk of introducing bigsiriegrating the aggregated data as being

small.

Antioxidant therapy appears to be effective in edg VAP rates in trauma and burn patients.
Whether this is true for a general and larger I@guation needs to be demonstrated with more

RCTs of this prevention strategy.

K) Endonasal mupirocin

In a study aimed at reducing MRSA pneumonia by yapglnasal mupirocin versus placebo
three times a day for three days, Di Filippo etcaluld not show a significant effect of this
prevention method: However, colonization rates of the nares with MR®Athe treatment

group, was significantly lower. Only one of the VA§uidelines mentions mupirocin
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decontamination, without giving a recommendatiomnoe@rning its usagé&® A larger,

sufficiently powered RCT would be needed to degesignificant treatment effect.

4.7. Limitations

Even though our inclusion criteria were strict, golimitations of this meta-analysis have to be

mentioned.

First, the quality of some of the trials includedaur analysis was not always optimal, and the
trial quality was given no weight in our statisticalculations by the program we used (RevMan
4.2).

Also, since we wanted our results to be valid fobr@aad ICU population, we did not
differenciate between the subgroups of patientf witferent underlying conditions, e.g. burn
patients, trauma patients, medical patients, eiecdv not rule out that this was a source of bias

for our results.

Furthermore, even though our search strategy wa®ynd, there might be evidence that was

not captured by our search strategy, even thougltiance for this is negligible.
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5. Conclusion

From the results of this meta-analysis, varioushods and techniques for the prevention of VAP
were demonstrated as being effective and cliniaallgvant and allow for conclusions regarding

the pathogenesis of VAP.

The endotracheal tube itself, impairs natural defsrand allows micro-leakage of contaminated
secretions, and seems to be the most importardrfacthe development of VAP; therefore, this
type of pneumonia could even be regarded as intmbassociated rather than ventilator-
associated. Non-invasive, as opposed to invasive(®R=0.14, 0.07-0.25), subglottic secretion
drainage (OR=0.34, 0.24-0.49) and the usage oflvarsioated tube (OR=0.62, 0.44-0.89)

appears to significantly reduce VAP rates.

Another decisive factor in the prevention of VAR to be the reduction of the bacterial load,
and various strategies with statisctically sigmifit results aimed at different origins and sites of
potential contamination. Oral decontamination wahtiseptics (OR=0.60, 0.45-0.82) and
subglottic decontamination (OR=0.17, 0.05-0.56)gear the buccal cavity. Selective
decontamination of the digestive tract (OR=0.324.43), sucralfate versusyddntagonists
(OR=0.77, 0.64-0.93) early gastrostomy (OR=0.1834@.99) and enteral versus parenteral
nutrition (OR=0.30, 0.10-0.85) appeal to the diyestract. The lung itself is the target of the
application of aerosolized antibiotics (OR=0.553430.87). Systemic approaches for the
reduction of infectious complications include admsiration of systemic antibiotics (OR=0.56,
0.32-0.99) and antioxidant therapy (OR=0.12, 0.G2)

Preventative strategies aimed at better ventiladioall lung areas and clearance of secretions,
which proved to be statistically significant, actational therapy (OR=0.34, 0.23-0.52) and chest
physiotherapy (OR=0.14, 0.03-0.70).

An intervention which proved to be statisticallgrsficant but was restricted to nonhypoxemic
patients was the application of early PEEP (OR=00418-0.91).

Why other interventions, which are believed to Beative or have been described as effective
in the literature, did not reach statistical sigrahce in this meta-analysis, was either due to new
evidence or insufficient power due to small samgilees and should be subject to further
research. In particular, the effects of semirecurmhipesitioning and early tracheostomy should

be reconsidered.

When implementing a prevention strategy, variousold determine whether it is feasible and

safe, and this dictates its usage. With the phaologic strategies, resistance rates can be
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facilitated, and even though various decontamimategimen proved to be highly significant, it
is up to the treating physician to decide whethpot@ntial benefit for the patient regarding VAP
rates outweighs the risk of introducing resistantais is especially true for antibiotic

decontamination regimens, unlike decontaminatioti \@ntiseptics which has a lower risk for

resistance.

Costs are another key factor determining whethstrategy is implemented in ICUs, and if it
should be taken into account when future researcome. Even though there are strategies like
rotational therapy that have shown to be clinicaltiective, they can be very unpopular among
physicians due to the high costs, and might natib@n the budget of ICUs.

On the other hand, promising new developmentshe tievices, like new polyurethane cuffs or
silver coating of the inner surface of the tubegns to be effective and affordable and continues
to be advanced by the industry and researchers.

Even though a strategy proved to be statisticadjgiBcant in reducing VAP rates, in most cases
the secondary outcomes including mortality, theatian of mechanical ventilation and the
length of ICU stay, remained unchanged. In pars, tight be due to the fact that there was not
enough power to demonstrate a treatment effectecedly regarding mortality rates.

Nevertheless, an effect of VAP on mortality haslen clearly proven so far.

Future research should focus on prevention stregdpiat are feasible and safe to implement and
that are in accordance with the available budget lamman recources in ICUs. To reduce
microleakage of contaminated secretions of the tulfkeis the crucial factor for reducing VAP

rates.
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6. Summary

In this quantitative systematic review, we sumnetdizand compared the efficacy of all
interventions that have been studied for the preémerof VAP and compared them to current
recommendations and guidelines. By applying a sbasi statistical method for analysis to all
prevention strategies, results are comparable legivame another. This gives clinicians an

overview of all the available evidence and its effeeness.

We searched Pubmed, Embase, the Cochrane-libraeigntiic Indexing and clinicaltrials.gov
for relevant randomised controlled trials and canpnted it with a hand search of the

reference lists of relevant articles.

A total of 1948 citations were screened of whic et our pre-defined inclusion criteria. The
overall results, including odds ratios (OR), coafide intervals (Cl), numbers of studies and
patients are displayed in a forest plot in Figuse 3

The following interventions, ordered according heit effect sizes, were statistically significant
and were represented by more than one study: n@sive as opposed to invasive MV
(OR=0.14, 0.07-0.25), selective decontaminatiorthef digestive tract (OR=0.32, 0.24-0.43),
subglottic secretion drainage (OR=0.34, 0.24-0.48%ational therapy (OR=0.34, 0.23-0.52),
aerosolized antibiotics (OR=0.55, 0.34-0.87), systeantibiotics (OR=0.56, 0.32-0.99), oral
decontamination with antiseptics (OR=0.60, 0.432]).&ilver coated tubes (OR=0.62, 0.44-
0.89) and sucralfate versus-Bntagonists (OR=0.77, 0.64-0.93). Antioxidant #ipgr with trace
elements was statistically significant and studigdnore than one trial, but in a small number of
patients only (OR=0.12, 0.03-0.42).

In addition, the following interventions were ssdittally significant, but were represented by
only one study: chest physiotherapy (OR=0.14, @0®), subglottic decontamination
(OR=0.17, 0.05-0.56), early gastrostomy (OR=0.183®.99) and enteral vs. parenteral
nutrition (OR=0.30, 0.10-0.85).

Statistically significant, but applicable only tosabgroup of nonhypoxemic patients, was the
early application of PEEP (OR=0.41, 0.18-0.91).

All other interventions, e.g. the type of humidifier filter, suction technique or changes of
breathing circuits failed to reach statistical #igance. This was also true for semirecumbent
positioning (OR=0.40, 0.15-1.04), early tracheostofOR=0.66, 0.31-1.38) and prone

positioning (OR=0.79, 0.59-1.07).
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The incidence of VAP can be reduced by a numbemethanical, chemical and antibiotic
interventions, all of which most likely work throug reduction of the microaspiration-related
bacterial load of the lower airways. Current re\8esv guidelines are not always supported by
the current available evidence. To understandghsans why interventions with limited efficacy
get implemented into clinical practice while otezll documented and with superior efficacy do

not, could be invaluable for health care policyiatives.

Figure 35: Forest plot of overall results

Oral Care OR (95% CI) Studies (Patients)
Chlorhexidine —o— 0.57 (0.36-0.89) 5 (660)
Povidone-iodine P 0.14 (0.04-0.58) 1(67)
Iseganan —@— 0.76 (0.49-1.16) 1 (566)
Airway Management
Tracheostomy P 0.66 (0.31-1.38) 7 (624)
Weaning protocol fb——H 0.53 (0.24-1.14) 1(335)
Non-invasive vs. invasive weaning f—— 0.14 (0.07-0.25) 8(418)
Closed vs. open endotracheal suctioning @ 0.83 (0.62-1.11) 9 (963)
Daily vs. no daily change of in-line suction catheters —&— 0.91 (0.59-1.40) 2(622)
Heat and moisture exchanger vs. heated humidifier @+ 0.87 (0.69-1.11) 12 (2,172)
Extended use of heat and moisture exchanger ——r 0.55 (0.28-1.09) 2 (315)
Components of heat and moisture exchanger no overall estimate 3(319)
Change of ventilator circuits no everall estimate 6 (1,401)
Heated vs. non-heated wire circuits T 1.68 (0.51-5.55) 1(97)
Oro-vs. nasotracheal intubation b——H 0.49 (0.21-1.14) 1(300)
Bacterial filter —T®— 1.19 (0.64-2.19) 1(230)
1(383)
Gasir i i | inter
Selective decontamination of the digestive tract —o— 0.32 (0.24-0.44) 29 (5,094)
DD with additional topical agents no overall estimate 3(330)
Sucralfate vs. H2-antagonists @+ 0.77 (0.64-0.93) 14 (2,554)
Sucralfate vs. antacids —@— 0.70 (0.47-1.02) 6 (650)
Sucralfate vs. placebo } & } 2.78 (0.10-74.7) 1(26)
Sucralfate vs. H2-antagonists+antacids —e— 0.52 (0.27-1.01) 3(182)
No treatment vs. H2-antagonists+antacids T 1.52 (0.47-4.92) 1(128)
Placebo vs. pirenzepine A 0.93 (0.29-2.92) 1(72)
Placebo vs. H2-antagonist 1 1.23 (0.40-3.79) 1(86)
Acidified enteral feeds f———— 0.64 (0.21-1.98) 2 (124)
Early gastrostomy } @ 0.18 (0.03-0.99) 1(41)
Small intestinal vs. gastric feeding f——— 0.61 (0.28-1.32) 3(162)
Intermittent enteral feeding —&— 1.11 (0.66-1.87) 4 (276)
Enteral naloxone b—e— 0.41 (0.17-1.01) 1(81)
Enteral Metoclopramide f—®—— 1.2 (0.56-2.57) 1(136)
Ranitidine vs. pirenzepine f————®&— 4.00 (0.95-16.9) 1(61)
Enriched enteral nutrition f——1&—H 1.38 (0.51-3.75) 4 (448)
Early enteral nutrition } @ | 0.83 (0.11-6.23) 2(202)
Enteral vs. parenteral feeding f——®—— 0.30 (0.10-0.85) 1(96)
Positioning
Rotational beds —o—i 0.34 (0.23-0.52) 6 (568)
Prone vs. supine positioning o 0.79 (0.59-1.07) 4(1,018)
Semirecumbent vs. supine positioning P 0.47 (0.21-1.06) 4 (355)
Endotracheal Tubes
Subglottic sectretion drainage —o—i 0.34 (0.24-0.49) 8 (968)
Silver coated tube —@— 0.62 (0.44-0.89) 2(1,664)
Automated cuff pressure control f——F 0.69 (0.32-1.47) 1(142)
Non-classifyable preventive strategies
Aerosolized antibiotics —o— 0.55 (0.34-0.87) 4(317)
Intravenous antibiotics —®— 0.56 (0.32-0.99) 3 (251)
Pharyngeal vs. tracheal decontamination } @ } 1.93 (0.32-11.4) 1(59)
Systemic search for maxillary sinusitis —o—t 0.67 (0.41-1.08) 1(399)
Chest physiotherapy } L } 0.14 (0.03-0.70) 1(60)
Manual lung hyperinflation } L 2 } 0.79 (0.16-7.51) 1 (46)
Semirecumbency+subglottic secretion drainage } L d } 1.11 (0.16-7.51) 1(18)
Granulocyte colony-stimulating factor } L 2 } 2.15(0.38-12.1) 2 (44)
Decontamination of the subglottic area fb——e— 0.17 (0.05-0.56) 1(681)
Early PEEP e 0.70 (0.18-2.67) 1(92)
Trace element supplementation P 0.12 (0.03-0.42) 2(53)
Antioxidant therapy I L 4 } 0.54 (0.11-2.58) 1(48)
Endonasal mupirocin } L 2 |
T T T T T
0,01 0,1 0,5 1 5 10 100
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10. Appendix

10.1. Deutsche Zusammenfassung

In diesem quantitativen systematischen Review hatierdie Effektivitat aller Interventionen
zusammengefasst und verglichen, die als StrategyierPravention von beatmungsassoziierter
Pneumonie (ventilator-associated pneumonia, VAP)Sindien untersucht wurden, und sie
aul3erdem mit den aktuellen Empfehlungen und Latiiverglichen. Indem wir zur Analyse der
Praventionsstrategien eine einheitliche statistisdfiethode angewandt haben, sind die
Ergebnisse miteinander vergleichbar. Dies gibt iKém einen Uberblick tber die gesamte

vorhandene Evidenz und ihre Wirksamkeit.

Wir durchsuchten Pubmed, Embase, die Cochraneyibré&cientific Indexing und
clinicaltrials.gov nach relevanten randomisiertentkollierten Studien und vervollstandigten die

Suche mit einer Durchsicht der Referenzlisten aaiesr Artikel.

Insgesamt wurden 1948 Zitate Uberprift, von dene®9 lunseren vordefinierten
Einschlusskriterien entsprachen. Die Ergebnissd ginihrer Gesamtheit als ,Forest Plot",
inklusive der Odds Ratios (OR), Konfidenzinterva(lél) und der Anzahl der Studien und
Patienten in der unten stehenden Abbildung darifeste

Die folgenden Interventionen, angeordnet entsprethiérer Effekigrofle, waren statistisch
signifikant und wurden von mehr als einer Studiéetsucht: nicht-invasive im Gegensatz zu
invasiver mechanischer Beatmung (OR=0.14, 0.07}0.2glektive Darmdekontamination
(OR=0.32, 0.24-0.43), subglottische Absaugung (QB40 0.24-0.49), Rotationsbetten
(OR=0.34, 0.23-0.52), als Aerosol verabreichte Bintika (OR=0.55, 0.34-0.87), systemisch
verabreichte Antibiotika (OR=0.56, 0.32-0.99), eraDekontamination mit Antiseptika
(OR=0.60, 0.45-0.82), mit Silber beschichtete Eratttealtuben (OR=0.62, 0.44-0.89) und
Sukralfat versus H2-Antagonisten (OR=0.77, 0.68).Antioxidative Therapie durch Zufuhr
von Spurenelementen wurde zwar von mehreren Stu@i@och in nur kleinen Patientengruppen
untersucht (OR=0.12, 0.03-0.42).

AulRerdem waren die folgenden Interventionen sististsignifikant, wurden jedoch nur von
einer Studie untersucht: Physiotherapie des Thaqi@R=0.14, 0.03-0.70), subglottische
Dekontamination (OR=0.17, 0.05-0.56), frihzeitigas@ostomie (OR=0.18, 0.03-0.99) und

enterale versus parenterale Ernahrung (OR=0.30;@85).
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Statistisch signifikant war auf3erdem die frihzeitignwendung von PEEP (OR=0.41, 0.18-

0.91), jedoch nur in einer Untergruppe von nichidyamischen Patienten.

Alle anderen Interventionen, beispielsweise die Adr Atemwegsbefeuchter oder filter,

Absaugetechniken und —vorrichtungen und WechselrBdatmungsschlauche waren statistisch
nicht signifikant. Dies galt auch fur die Oberkddpechlagerung (OR=0.40, 0.15-1.04),
frihzeitige Tracheostomie (OR=0.66, 0.31-1.38) Badchlagerung (OR=0.79, 0.59-1.07).

Die Inzidenz von VAP kann durch eine Anzahl an namifchen, chemischen und antibiotischen

Interventionen, die wahrscheinlich Uber eine Reidukder durch Mikroaspiration bedingten

Keimbelastung wirken,

gesenkt werden.

Diese Datastadtigen jedoch nicht immer

Schlussfolgerungen von Reviews oder Leitlinien. Mentergrinde zu verstehen, warum

Interventionen mit begrenzter Effektivitat im kischen Alltag eingesetzt werden andere mit gut

dokumentierter und besserer Wirksamkeit nicht, kériar gesundheitspolitische Initiativen von

unschatzbarem Wert sein.

Oral Care

OR (95% Cl)

Studies (Patients)
5 (66

Chlorhexidine —&— 0.57 (0.36-0.89)
Povidone-iodine e 0.14 (0.04-0.58) 1(67)
Iseganan —o—H 0.76 (0.49-1.16) 1 (566)
Airway Management
Tracheostomy f——&—— 0.66 (0.31-1.38) 7 (624)
Weaning protocol fP—— 0.53 (0.24-1.14) 1(335)
Non-invasive vs. invasive weaning f—— 0.14 (0.07-0.25) 8(418)
Closed vs. open endotracheal suctioning o 0.83 (0.62-1.11) 9 (963)
Daily vs. no daily change of in-line suction catheters —&— 0.91 (0.59-1.40) 2(622)
Heat and moisture exchanger vs. heated humidifier o+ 0.87 (0.69-1.11) 12 (2,172)
Extended use of heat and moisture exchanger ——H 0.55 (0.28-1.09) 2(315)
Components of heat and moisture exchanger no overall estimate 3(319)
Change of ventilator circuits no everall estimate 6 (1,401)
Heated vs. non-heated wire circuits f————— 1.68 (0.51-5.55) 1(97)
Oro-vs. nasotracheal intubation P 0.49 (0.21-1.14) 1(300)
Bacterial filter —eo— 1.19 (0.64-2.19) 1(230)
1(383)
Gastroil inal Inter
Selective decontamination of the digestive tract - 0.32 (0.24-0.44) 29 (5,094)
SDD with additional topical agents no overall estimate 3(330)
Sucralfate vs. H2-antagonists @ 0.77 (0.64-0.93) 14 (2,554)
Sucralfate vs. antacids —e—i 0.70 (0.47-1.02) 6 (650)
Sucralfate vs. placebo } L 2 } 2.78 (0.10-74.7) 1(26)
Sucralfate vs. H2-antagonists+antacids —&—] 0.52 (0.27-1.01) 3(182)
No treatment vs. H2-antagonists+antacids f—-F—— 1.52 (0.47-4.92) 1(128)
Placebo vs. pirenzepine P 0.93 (0.29-2.92) 1(72)
Placebo vs. H2-antagonist f——— 1.23 (0.40-3.79) 1(86)
Acidified enteral feeds e 0.64 (0.21-1.98) 2 (124)
Early gastrostomy } L 2 0.18 (0.03-0.99) 1(41)
Small intestinal vs. gastric feeding P 0.61 (0.28-1.32) 3(162)
Intermittent enteral feeding —@— 1.11 (0.66-1.87) 4 (276)
Enteral naloxone P 0.41 (0.17-1.01) 1(81)
Enteral Metoclopramide P—T— 1.2 (0.56-2.57) 1(136)
Ranitidine vs. pirenzepine f——"—"—®&—— 4.00 (0.95-16.9) 1(61)
Enriched enteral nutrition f————4 1.38 (0.51-3.75) 4 (448)
Early enteral nutrition } . 4 0.83 (0.11-6.23) 2(202)
Enteral vs. parenteral feeding ——e—— 0.30 (0.10-0.85) 1(96)
Positioning
Rotational beds —o—i 0.34 (0.23-0.52) 6 (568)
Prone vs. supine positioning @ 0.79 (0.59-1.07) 4(1,018)
Semirecumbent vs. supine positioning f—— 0.47 (0.21-1.06) (355)
Endotracheal Tubes
Subglottic sectretion drainage —o—i 0.34 (0.24-0.49) 8(968)
Silver coated tube @ 0.62 (0.44-0.89) 2 (1,664)
Automated cuff pressure control P 0.69 (0.32-1.47) 1(142)
Non-classifyable preventive strategies
Aerosolized antibiotics —&— 0.55 (0.34-0.87) 4 (317)
Intravenous antibiotics —@— 0.56 (0.32-0.99) 3(251)
Pharyngeal vs. tracheal decontamination } L } 1.93 (0.32-11.4) 1(59)
Systemic search for maxillary sinusitis —&— 0.67 (0.41-1.08) 1(399)
Chest physiotherapy f L 4 | 0.14 (0.03-0.70) 1(60)
Manual lung hyperinflation } L 2 } 0.79 (0.16-7.51) 1(46)
Semirecumbency+subglottic secretion drainage } } 1.11 (0.16-7.51) 1(18)
Granulocyte colony-stimulating factor } L 2 } 2.15 (0.38-12.1) 2 (44)
Decontamination of the subglottic area P——— 0.17 (0.05-0.56) 1(61)
Early PEEP b 0.70 (0.18-2.67) 1(92)
Trace element supplementation b e— 0.12 (0.03-0.42) 2 (53)
Antioxidant therapy | @ | 0.54 (0.11-2.58) 1(48)
Endonasal mupirocin } L 2 {
T T T T
0,01 0,1 0,5 1 10 100
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10.3.

Tables

a) Study characteristics of included trials

Table 27: Sudy characetristicsOral Care

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Bopp 2006* RCT 5 pts., mixed Suctioning toothbrush using %12 P, M, (MV), (LOS) A Unclear Unclear - Various inits to contact
chlorhexidine solution (cheeks, teeth, ET- authors regarding pneumonia
tube) twice daily vs. standard oral care definition were unsuccessful
Fourrier 2008'®  RCT, single-blind 60 pts., medico- 0.2% chlorhexidine gel (oral cavity) thrice P, M, MV, LOS B a) fever or hypothermia Unclear
surgical daily vs. standard oral care (bicarbonate b) CXR
serum + aspiration) c) leukocytosis or leucopenia
d) pos. tracheal aspirate or BAL culture
Fourrier 200%'°  RCT, double-blind, 228 pts., mixed 0.2% chlorhexidine gel (gingivatlan P, M, MV, LOS A a) fever or hypothermia Unclear
placebo-controlled, dental plaque) thrice daily vs. placebo gel b) CXR
multicenter c) leukocytosis or leucopenia
d) pos. tracheal aspirate or BAL culture
Koeman 2008° RCT, double-blind, 157 pts, mixed, 2 % chlorhexidine gel (buccal cavity) four P, M, MV, LOS B CXR plus at least three of the following: 48 h - Chlorhexidine/ colistin
placebo-controlled, surgical times daily vs. placebo gel a) fever or hypothermia decontamination group
multicenter b) leukocytosis and/or left shift or excluded
leucopenia
c) purulent tracheal aspirate
d) pos. culture from tracheal aspirates
(>48h of MV)
Tantipong RCT 110 pts., mixed 2% chlorhexidine rinse (tootishing and P, (MV) D CXR plus at least three of the following: 48 h - Subgroup data of pts.
2008 mucosa of oral cavitiy) four times daily vs. a) fever or hypothermia mechanically ventilated for
saline rinse b) leukocytosis or leukopenia more than 48 h abstracted
c) purulent tracheal aspirate
d) pos. tracheal culture
Kollef 200622 RCT, double-blind, 709 pts., mixed Isaganan oral rinse (9mg) six times daily P, M A CXR, pos. BAL culture plus at least two ¢ 48 h
placebo controlled vs. placebo rinse the following:
a) fever or hypothermia
b) leukocytosis or leucopenia
¢) purulent sputum or tracheal secretions
Seguin 2008° RCT 67 pts., surgical 10 % povidone-iodine rinse (oro- and P, M, MV, LOS A CXR plus two of the following 48 h - Standard care group (no

with severe head
trauma

nasopharynx) vs. saline rinse

a) fever or hypothermia

b) purulent endotracheal
aspirate

c) leukocytosis or leucopenia
(all symptoms for >48 h)

instillation but aspiration of
secretions) excluded
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Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 28 Sudy characteristics Airway M anagement: Tracheostomy

Sudy ID M ethods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Blot 2007* RCT, multicenter 123 pts., medical, Early (<4d) tracheostomy vs. prolonged P, M, (MV), (LOS) A a) CXR 7d - Unpublished data
surgical endotracheal intubation b) fever - Author contacted for
c) leukocytosis methodological details
d) purulent tracheal secretions or gas
exchange alterations
e) pos. pos. BAL, PSB, catheter or tracheal
aspirate cultures
Bouderka RCT 63 pts, head traume Early (<5d) tracheostomy vs. prolonged P, M, MV B CDC-criterid?® 5d
2004° endotracheal intubation
Sugerman RCT 112 pts., trauma, Early (3-5d) tracheostomy vs. prolonged P, M, LOS A a) leukocytosis or left shift 3d - Only early randomization
1997% non-trauma endotracheal intubation until day 14 b) fever group included
c) CXR
d) pos. sputum culture
Saffle 2008°> RCT 44 pts., burn center Early (3-4d) vs. late (14d) tracheostomy P, M, MV, LOS A CDC-criterid?® 48 h
Bar%lléist RCT 60 pts., trauma Early (<8d) vs. late (>28d}Hnstomy P, M, (MV), (LOS) A CDC-critetfd 3d
200
Rodriguez RCT 106 pts., surgical Early (<8d) vs. late (>8d) tracheostomy P, M, MV, LOS D a) fever 24 h
199" b) leukocytosis
c) pos. Gram stain
d) pos. sputum culture
e) CXR
Rumbak RCT 120 pts., medical Early (<2d) vs. late (14-18d¢heostomy P, M, MV, LOS A a) clinical criteria 14 d
2004°® b) pos. PSB or BAL culture

Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @uhe in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncl€ainadequate, D=not used;
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Table 29: Sudy characteristicsAirway M anagement: Weaning

Sudy ID M ethods Participants Interventions Outcomes

AC

Definition of pneumonia

Min.
duration
of MV

Notes

Marelich RCT 335 pts., medical, Weaning protocol vs. physician-directed P, M, (MV)
200072 trauma weaning

Antonelli RCT 64 pts., mixed Noninvasive vs. invasive MV P, M, MV, LOS
1998°

Chen 200Y RCT 24 pts., respiratory  Noninvasive vs. invasive MV after 3d of P, M, MV
(COPD) invasive MV

Conti 200%° RCT 49 pts., respiratory  Noninvasive vs. invasive MV P, M, MV, LOS
(COPD)

Ferrer 2008° RCT 43 pts., mixed Noninvasive vs. invasive M¥ter 3d of P, M, MV, LOS
weaning failure from invasive MV with T-
piece

Girault 1999® RCT 33 pts., medical Noninvasive vs. invasive MV after 2h of P, M, MV, LOS
weaning failure from invasive MV with T-
piece

Nava 1998 RCT 50 pts., respiratory Noninvasive vs. invasive MV after weaningP, M, MV, LOS
(COPD) failure from invasive MV with T-piece

Trevisan RCT 65 pts., mixed Noninvasive vs. invasive MV after weanir P, M, MV, LOS
20084 failure from invasive MV after 30 min

Clinical suspition of pneumonia pltgo
of the following:

a) pos. endotracheal aspirate or
bronchoscopy cultures

b) fever or leukocytosis

c) CXR

a) CXR

b) fever or hypothermia

c) purulent tracheobronchial
secretions

d) leukocytosis

e) worsening of gas exchange

f) pos. BAL culture

CXR plus at least 2 of the following:
a) fever

b) leukocytosis

c) purulent tracheal secretions

CXR plus at least two of the following:
a) leucocytosis

b) fever

c) purulent aspirations

d) pos. BAL culture

CXR plus at least two of the fallimg:
a) fever or hypothermia

b) leukopenia or leukocytosis

c) purulent tracheal secretions

CXR plus at least two of the following:
a) fever

b) leukocytosis

c) pos. endotracheal secretion cultures
CXR plus at least two of the follmg:
a) fever

b) leukocytosis

¢) pos. Gram stain of suctioning material
from the lower respiratory tract
CPIS>7*"or:

Clinical findings or pos. CXR plus at leas
one of the following:

a) purulent tracheal secretions

b) fever

48 h

Unclear

3d

Unclear

Unclear

48 h

36h

48 h

- Article translated from
Chinese

- Author provided
pneumonia definition

- Patients with persistent
weaning failure

- Author provided
pneumonia definition
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c) leukocytosis

Wang 2008 RCT, multicenter 90 pts., respiratory, Noninvasive vs. invasive MV after invasive P, M, MV, LOS B a) >48h of MV Unclear
medical (COPD) MV b) CXR
c¢) physical examination
d) plus at least one of the following:
- leukocytosis or leucopenia = left shift
- fever
- purulent airway secretion
- pos. culture of bronchial secretions
Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@frmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
Table 30: Sudy characteristics Airway M anagement: Closed vs. open endotracheal suctioning
Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Combes RCT 104 pts., Closed vs. open endotracheal suctioning P, M, MOSL B a) CXR 48 h
2000* neurosurgical b) purulent secretions with a positive
sputum culture
c¢) leukocytosis or leukopenia
d) fever
(>48h of MV)
Deppe 1998 RCT 84 pts., surgical Closed vs. open endotracheal suctioning P, M B a) purulent sputum (Gram stain) and 48 h
sputum culture
b) fever or hypothermia
c) CXR
d) leukocytosis or leucopenia
e) in hospitab48h
Johnson RCT 35 pts., surgical, Closed vs. open endotracheal suctioning P D CXR plo the following: Unclear - Patients 17 years
19945 trauma a) purulent sputum (Gram stain)
b) fever
c) leukocytosis
Lee 2004” RCT 70 pts., mixed Closed vs. open endotracheal suctioning P, (MV), LOS D  CDC-criterid® Unclear - Article translated from
Korean
Lorente RCT 308 pts., medical- Closed vs. open endotracheal suctioning P, (M), XMV B a) purulent sputum 48 h - Patients with MV <48h
2005%° surgical b) fever or hypothermia excluded from analysis
c) leukocytosis or leukopenia
d) CXR
e) pos. culture of respir. secretions or blood
Lorente 2006 RCT 213 pts., medical-  Closed vs. open endotracheal suctioning P, (M), (MV) B a) purulent sputum Unclear - Patients with MV <48h

|216

surgical

b) fever or hypothermia

excluded from analysis
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Rabitsch
2004%°

Topeli 2004*

RCT 24 pts., medical Closed vs. open endotrachetibsing P

RCT 78 pts., medical Closed vs. open endotracheal suctioning P, M, MV, LOS

B

c) leukocytosis or leukopenia

d) CXR

€) pos. culture of respir. secretions or blo
American College of Chest Physicians 72 h
CXR plus one of the following:

a) radiographic evidence of cavitation

b) histological evidence

c) positive blood culture

d) purulent tracheal aspirate

e) pos. pleural fluid culture with two of the

following:

- fever

- leukopenia or leukocytosis

CXR plus two of the following: 48 h
a) fever or hypothermia

c) leukocytosis or leukopenia

d) purulent tracheobronchial secretions o

pos. Gram stain

Zeitoun
20038

RCT 47 pts., medical- Closed vs. open endotracheal suctioning P
surgical

arfev 48 h
b) CXR
c) leukocytosis
d) purulent tracheobronchial secretions

- Patients 13 years

Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €ume in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;

Table 31: Sudy characteristicsAirway M anagement: Daily vs. no daily changes of in-line suction catheters

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Kollef 1997%” RCT 521 pts., mixed Daily vs. no routine chandesdine P, M, MV, LOS A CXR (>48h of MV) plus one of the 12h
suction catheters following:

a) radiographic evidence of pulmonary
abscess formation

b) histologic evidence c) pos. blood or
pleural fluid culture

d) two of the following:

- fever
- leukocytosis
- purulent tracheal aspirate
Darvas 2008 RCT 101 pts., medical-  Daily vs. 48 hr-change of closed suctionii P, M, MV, LOS A CXR plus one of the following: 48 h - Patients >16 years
surgical catheter a) pos. pleural fluid or blood cultures for
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same organism as in tracheal aspirate
b) radiographic cavitation

c) histopathologic evidence

d) two of the following:

- fever

- leukocytosis

- purulent tracheal aspirate

Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €ume in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;

Table 32: Sudy characteristicsAirway M anagement: Heat and moisture exchanger (HME) vs. heated humidifier (HH)

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Martin 1996 RCT 73 pts., mixed Hydrophobic HME vs. HH P, M, MV B a) purulent sputum 24h
b) pos. respiratory cultures
c) CXR
Roustan RCT 116 pts., mixed Hydrophobic HME vs. HH P, M, MV, LOS B a) CXR Unclear
1997% b) fever
c) leukocytosis
d) purulent tracheobronchial secretions
Boots 1997 RCT 62 pts., general Hygroscopic HME vs. HH P, MV} B a) CXR 48 h - HME group with 2-day
A% b) fever or hypothermia changes divided and
c) leukocytosis or leucopenia integrated in both
d) pos. culture of tracheal aspirate comparisons
€) purulent sputum
f) |PaQ/FiO,
Dreyfuss RCT 164 pts., mixed Hygroscopic HME vs. HH P, M, MV B a) CXR 48 h
1995° b) purulent tracheal aspirates
c) pos. PSB or catheter culture or pos.
blood culture with same organism isolate
from blood and sputum specimens
d) 48h of MV
Memish RCT 243 pts., medical- Hygroscopic HME vs. HH P, M, MV D CDC-criteffd plus at least one of the 48 h
2007 surgical following:

a) purulent sputum

b) pos. blood culture

C) pos. transtracheal aspirate culture
d) virus or viral antigen in respiratory
secretions

e) antibody titer

f) histopathologic evidence
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Lorente 2006
”217

Boots 2006
A42

Boots 2006
B42

Kirton 19977

Lacherade
2005

RCT

RCT

RCT

RCT
RCT, multicenter

104 pts., medical-
surgical

189 pts., general

192 pts., general

280 pts., trauma

369 pts., surgical-
medical

HME vs. HH with double-heated wire
circuits

P, MV

HME vs. HH with single-heatd P, M, (MV), (LOS)

circuits

HME vs. HH with double-heated wire
circuits

P, M, (MV), (LOS)

HME vs. HH with heated wireusts P

Hygroscopic HME vs. HH with heated P, M, MV, LOS

wire circuits

a) purulent sputum 5d
b) fever or hypothermia

c) leukocytosis or leukopenia

d) CXR

€) pos. culture of respir. Secretions

f) >48h of MV

Onset of a new clinical syndrer(»48h of 48 h
MV) consistent with pneumonia as

determined by the treating consultant and

on the basis of a CPI%?"®

Onset of a new clinical syndrome (>48h « 48 h
MV) consistent with pneumonia as

determined by the treating consultant ant

on the basis of a CPI%?"®

CDC criterig® 3d

CXR, >48h of MV, pos. culture of 48 h
protected telescoping catheter or BAL plt

two of the following:

a) fever or hypothermia

b) leukocytosis or leukopenia

c) purulent tracheal secretions

- HME group divided and
integrated in both
comparisons

- HME group divided and
integrated in both
comparisons

- Patients 15 years

Branson 1996 RCT 103 pts., medical-  Hygroscopic condenser humidifier vs. HH P, MV a) purulent sputum 24 h - Study divided for 2
AY surgical with heated wire cicuits b) pos. respiratory cultures comparisons

c) fever

d) CXR
Kollef 1998%% RCT 310 pts., medical-  Hygroscopic condenser humidifier vs. HF P, M, MV, LOS American College of Chest Physicians:  Unclear

surgical

with heated wire circuits

CXR (>48h of MV) plus one of the
following:

a) radiographic evidence of pulmonary
abscess

b) histologic evidence

) pos. blood or pleural fluid culture

d) two of the following:

- fever

- leukocytosis

- purulent tracheal aspirate

Abbreviations: RCT: randomized controlled trial; pts: patiert$j: heated humidifier; HME: heat and moisture exayea; CXR: chest X-ray; BAL: bronchoalveolar lavaB&B: protected specimen brush, CPIS: Clinical
Pulmonary Infection Score;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @uhe in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncl€ainadequate, D=not used,;
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Table 33: Sudy characteristicsAirway management: Extended use of heat and moisture exchanger

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Davis 2008 RCT 160 pts., surgical 24-hr vs. 120-hr. change kjgroscopic P, MV B CDC-criterid®® 48 h - Hydrophobic HME group
HME (120-hr change) excluded
since no control group
Thomachot RCT 155 pts., trauma, 1- vs. 7-day change of a hydrophobic Hv P, M, MV, LOS B a) purulent tracheal aspirates 48 h
200234 medical, b) deterioration of arterial PaO
postoperative c) CXR
d) pos. PSB or BAL culture
Abbreviations: RCT: randomized controlled trial; pts: patie$/E: heat and moisture exchanger; CXR: chest X-B#/ : bronchoalveolar lavage; PSB: protected speciforush;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,
Table 34: Sudy characteristicsAirway M anagement: Components of heat and moisture exchanger
Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Boyer 200%° RCT 43 pts., medical 2 models of hygroscopic HMEggrolife P, MV B a) CXR 48 h
and EdithFlex) b) purulent tracheal aspirate
c) pos. PSB or BAL culture
Thomachot RCT 136 pts., head Hygroscopic vs. hydrophobic HMEF P, M, MV B a) purulent tracheal aspirates 24 h
199836 trauma, medical, b) deterioration of arterial PaO
postoperative c) CXR
d) pos. PSB or BAL culture
Thomachot RCT 140 pts., head 2 different hygroscopic HMEF (Cagls. P, M, MV B a) purulent tracheal aspirates 24 h

1999% trauma, medical,

postoperative

AICI; impregnated)

b) deterioration of arterial PaO
c) CXR
d) pos. PSB or BAL culture

Abbreviations: RCT: randomized controlled trial; pts: patie$/E: heat and moisture exchanger; HMEF: heat andtore exchange filter; CXR: chest X-ray; BAL: botoalveolar lavage; PSB: protected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
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Table 35: Sudy characteristicsAirway M anagement: Change of ventilator circuits

Sudy ID

Methods

Participants

Interventions Qutcomes

AC

Definition for Pneumonia

Min. Notes
duration
of MV

Craven 1986

Dreyfuss
1997°

Lorente
2004

Boots 1997
B4

Long 1996

RCT

RCT

RCT

RCT

RCT

233 pts., medical,
surgical, cardiac

73 pts., mixed

304 pts., medical-

surgical

54 pts., general

447 pts., medical,
neurosciences

24hr- vs. 48hr-change of ventilator circuits

P, (kMV)

48hr- vs. no change of ventilator circuits P, M, MV

48hr- vs. no change of ventilator circuits P, WM

HME with 2-day vs. 4-day circuit change P, M, (MV)

Change of ventilator circuits once vs. P
thrice weekly

a) purulent sputum

48 h

b) pos. sputum culture

c) leukocytosis

d) fever

e) CXR

a) CXR 48 h
b) purulent tracheal aspirates

a) pos. PSB culture

a) purulent sputum 72h
b) fever or hypothermia

c) leukocytosis or leukopenia

d) CXR

e) pos. culture of respir. secretions or blood

a) CXR 48 h
b) fever or hypothermia

c) leukocytosis or leucopenia

d) pos. culture of tracheal aspirate

€) purulent sputum

f) |PaO2/Fi02

CXR, consolidation, cavitation, or pleural Unclear

effusion plus one of the following:

a) purulent sputum

b) pos. blood culture

) pos. culture of bronchial washing,
brushing, or biopsy

d) isolation of virus or detection of viral
antigen

e) diagnostic antibody titer

f) histopathologic evidence

- HME group with 2-day

changes divided and

integrated in both
comparisons

Kollef 1995°°

RCT

300 pts., mixed

7-day vs. no routine change of ventilator P, M, MV
circuits

CXR plus one of the following: 5d
a) pos. pleural or blood cultures

b) roentgenographic cavitation

c¢) histopathologic evidence

d) two of the following:

- fever

- leukocytosis

- purulent tracheal aspirate

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €umhe in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
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Table 36: Sudy characteristicsAirway M anagement: Heated vs. non-heated wire circuits

Sudy ID M ethods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Branson 1996 RCT 97 pts., medical- HH with heated- vs. non-heated wire P, MV D a) purulent sputum 24 h - Study divided for 2
B* surgical circuits b) pos. respiratory cultures comparisons
c) fever
d) CXR

Abbreviations: RCT: randomized controlled trial; pts: patientt$j: heated humidifier; CXR: chest X-ray; BAL: brdraalveolar lavage; PSB: protected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, e in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 37: Sudy characteristicsAirway M anagement: Oro- vs. nasotracheal intubation

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes

duration

of MV
Holzapfel RCT 300 pts., general Oro- vs. nasotracheal irnbti P, M, (MV), LOS B a) CXR 7d - Patients >15 years
19938 b) fever or hypothermia

c) leukocytosis or leukopenia and/or
purulent tracheobronchial secretions
d) pos. PSB culture

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, e in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 38: Sudy characteristicsAirway M anagement: Bacterial filter

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes

duration

of MV
Lorente RCT 171 pts., medical- Bacterial filter P, M, MV, LOS B a) purulent sputum 24 h - Subgroup of patients with
2003 surgical b) fever or hypothermia MV >48 h evaluated
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c) leukocytosis or leucopenia

d) CXR

€) pos. culture of respiratory secretions or
blood

Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €ume in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;

Table 39: Sudy characteristics Gastrointestinal Interventions: Selective decontamination of the digestive tract (SDD)

Sudy ID Methods Participants, ICU Interventions Outcomes AC  Definition of pneumonia Min. Notes
type duratio
nof MV
Bergmans RCT, placebo- 226 pts, medical, SDD: P, M, (MV), (LOS) A a) CXR 48 h - Two control groups
200" controlled, double-  surgical, trauma, topical (oral only) b) at least three of the following: combined (treatment and

Pugin 1997

Rios 2005%

Rodriguez-
Roldan 199¢°

Camus 2005
A50

Camus 2005
BSO

blind

RCT, double-blind,
placebo-controlled
RCT, double-blind,
placebo-controlled

RCT, double-blind,
placebo-controlled

RCT, placebo-
controlled,
multicenter

RCT, placebo-
controlled,
multicenter

neurologic

52 pts., surgical

96 pts., surgical,
medical, trauma

28 pts., mixed

256 pts., mixed

259 pts., mixed

SDD:
topical (oral only)
SDD:
topical (oral only)

SDD:
topical (oral only)

SDD:
topical (oral+Gl)

(control group: no regimen)

SDD:
topical (oral+Gl)

(control group: mupirocin/chlorhexidine)

P, M, MV, LOS

P, M, MV, LOS

P, M, (MV)

P, M, (MV), (LOS)

P, M, (MV), (LOS)

- fever or hypothermia
- leukocytosis = left shift or leucopenia
- pos. Gram stain
- pos. tracheal aspirate culture
c) pos. BAL, PSB, blood or pleural fluid
culture
A CPIS>7during the course of intubation tha 48 h
remained elevate{) for>3 of"®
A a) CXR 96 h
b) pos. tracheal aspirate or blood culture
b) two of the following
- fever or hypothermia
- leukocytosis or leucopenia
- purulent tracheal aspirate
B At least one of each of the following Unclear
criteria:
a) clinical criteria: fever, purulent
bronchorrhea, leukocytosigPaQ/FiO,
b) radiologic criteria
c) bacteriologic criteria: pos. culture of
tracheal aspirate

control patients in same

ICU or separarted).
- Patients> 16 years.

- Patients16 years

CDC-criteri&®

CDC-criterid®®

48 h

48 h

- Study group received
polymyxin plus
tobramycin; control group
received no regimen

- Study group received
polymyxin, tobramycin,
nasal mupirocin and
chlorhexidine wash;
control group received
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Ferrer 1994

Gastinne
19922

Hammond
19924

Korinek
1993

Langlois-
Karaga 199%°

Lingnau

1997

Quinio 1996

Sanchez Garcie
1998 A4

Unertl 1986°°

RCT, placebo-
controlled, double-
blind

RCT, placebo-
controlled, double-
blind, multicenter

RCT, double-blind,
placebo-controlled

RCT, placebo-
controlled, double-
blind

RCT, double-blind,
placebo-controlled

RCT, double-blind,
placebo-controlled

RCT, double-blind,
placebo-controlled

RCT, placebo-
controlled, double-
blind

RCT

80 pts., respiratory

445 pts., medical,
trauma,
postoperative

239 pts., medical,

surgical and trauma

123 pts.,
neurosurgical

97 pts., multiple-
trauma

310 pts., trauma

148 pts., multiple
trauma

197 pts., medical,
surgical

39 pts.,

SDD:
topical (oral +GI)

SDD:
topical (oral + Gl)

SDD:
topical (oral +Gl)

SDD:
topical (oral+Gl)

SDD:
topical (oral+Gl)

SDD:
topical (oral+Gl)

SDD:
topical (oral+Gl)

SDD:
topical (oral+Gl)

SDD:

P, M, MV, LOS

P, M, (MV), LOS

P, M, LOS

P, M, MV, LOS

P, (MV)

P, M, MV, LOS

P, M, MV, LOS

P, M, (MV), (LOS)

P, M, (LOS)

B

A

a) CXR

b) purulent tracheal secretions
c) fever

d) leukocytosis or leukopenia

a) CXR

b) purulent tracheal aspirate

c) fever

d) leukocytosis

e) >48h after admission

a) CXR (>48 h after admission)
b) purulent bronchial secretions
c) fever

d) leukocytosis or left shift

e) pos. Gram stain

f) pos. tracheal aspirate culture
g) |PaQ/FiO;

a) fever

b) leukocytosis

¢) purulent sputum

d) CXR

e) pos. PSB or plugged telescoping cathel
culture

a) purulent bronchial secretions
b) fever

c) leukocytosis

d) CXR

e) |PaQ/FiO,

a) purulent sputum

b) pos. culture of bronchial secretions
c) deterioration of lung function

a) purulent tracheal aspirate

b) fever

c) leukocytosis

d) CXR

CXR plus at least three of the following:
a) fever

b) leukocytosis or leukopenia

c) purulent tracheal aspirate

d) pos. culture of lower airway secretions
a) CXR

72 h

24 h

48 h

5d

48 h

48 h

Unclear

48 h

6d

nasal mupirocin and
chlorhexidine wash only.
- All patients received iv-
prophylaxis,

- Data and definition of
clinically suspected
pneumonia abstracted

- Patients > 15 years

- All patients received IV-
prophylaxis

- Patients 15 years

- All patients received iv-
prophylaxis

- PTA group (polymyxin E,
tobramycin, amphotericin
B) and PCA group
(polymyxin E,
ciprofloxacin,
amphotericin B) combined
- Patients16 years

- Patients> 16 years

- Sucralfate vs. antacids as
possible confounding
factor
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Verwaest 1997
A3G7

Verwaest 1997
8367

Wiener 1998”7

Abele-Horn
1997
Aerdts 1998

Blair 199

Finch 1994

Hammond
19953

RCT, placebo-
controlled

RCT, placebo-
controlled

RCT, placebo-
controlled, double-
blind

RCT

RCT

RCT

RCT

RCT, placebo-
controlled, double-
blind

anesthesiologic,
neurological,
neurosurgical

286 pts., mixed

292 pts., mixed

61 pts., medical,
surgical

88 pts., mixed

56 pts., mixed

256 pts., mixed

44 pts., mixed

135 pts., mixed

topical (oral+Gl)

SDD:
topical (oral+Gl) (ofloxacin-amphotericin
B)

SDD:
topical (oral+Gl) (polymyxin E-tobramycin-
amphotericin B)

SDD:
topical (oral+Gl)

SDD:
topical (oral only) + systemic
SDD:
topical (oral + Gl) + systemic

SDD:
topical (oral+Gl) + systemic

SDD:
topical (oral + Gl) + systemic

SDD:
topical (oral + Gl) + systemic

P, M, (LOS)

P, M, (LOS)

P, M, (MV), (LOS)

P, M, MV, LOS

P, M, (MV), (LOS)

P, M, (LOS)

P, M

P, M, LOS

b) purulent tracheobronchial secretions
c) at least two of the following:

- fever

- leukocytosis or leukopenia

- |PaQ/FiO;,

a) purulent tracheal aspirate (Gram stain)
b) pos. tracheal aspirate culture

c) fever

d) leukocytosis

e) CXR

a) purulent tracheal aspirate (Graamn3
b) pos. culture from tracheal aspirate
c) fever

d) leukocytosis

e) CXR

a) CXR

b) fever and/or leukocytosis

c) pos. culture of lower respiratory tract
secretions

CPIS >7 fop3d?™®

Pos. culture and Gram stain of tracheal
aspirate, plus at least two of the following:
a) purulent tracheal aspirate

b) leukocytosis

c) fever

a) fever

b) leukocytosis or leucopenia
c) CXR

d) purulent sputum

a) CXR

b) systemic signs of sepsis

c) evaluation of sputum obtained by trache
aspiration or bronchoscopy

a) CXR (>48 h after admission)
b) purulent bronchial secretions
c) fever
d) leukocytosis or left shift
e) pos. Gram stain
f) pos. tracheal aspirate culture

48 h

48 h

48 h

4d

5d

Unclear

Unclear

48 h

- All patients received
systemic iv ofloxacin
prophylaxis

- All patients received
systemic iv cefotaxime
prophylaxis

- Two control groups,
receiving antibiotics
effecting the colonizing
resistance or not in case of
infection, were grouped.

- Patients> 16 years;

- Outcome: ‘lower
respiratory tract infection’,
not explicitly pneumonia

- 93% of patients intubated
- Data of secondary
infection (>48h in ICU)
abstracted

- Outcome ‘respiratory
infection’, not explicitly
pneumonia

- Unpublished data

- Author contacted for
methodological details,
results extracted from
review of D’amico et al’’

- Patients with primary or
secondary infection at
study entry
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g) |PaQ/FiO;
Kerver 1988 RCT 96 pts., surgical SDD: P, M, (LOS) CXR plus at least three of the following: Unclear - All patients also received
topical (oral +Gl) + systemic a) fever chlorhexidine rinse
b) leukocytosis or leukopenia - Outcome ‘lower
c) left shift respiratory tract infection’,
d) decrease in platelet count not explicitly pneumonia
Krueger RCT, double-blind, 546 pts., surgical, SDD: P, M, (MV), (LOS) a) CXR oy PaQ/FiO, Unclear - Intubation rate: 93%
2002 placebo-controlled, trauma topical (oral+Gl) + systemic b) purulent tracheobronchial secretions (treatment group) vs. 92%
multicenter (Gram stain) (control group)
c) at least one of the following:
- fever
- leukocytosis
- leukopenia
- left shift
Palomar RCT, multicenter 129 pts., medical,  SDD: P, M CDC-criterid® 4d - Third study group
19975 surgical topical (oral+Gl) + systemic (sucralfate + iv—
antibiotics) excluded
Rocha 199%° RCT, placebo- 101 pts., mixed SDD: P, M, MV, LOS a) purulent pulmonary secretions 3d - Outcome ‘lower
controlled, double- topical (oral+Gl) + systemic b) CXR respiratory tract infection’,
blind c) one of the following: not pneumonia
- fever or hypothermia
- leukocytosis or leukopenia
- physical examination
- |PaQ/FiO;,
Sanchez Garcie RCT, placebo- 74 pts., medical, SDD: P, M, (MV), (LOS) CXR plus at least three of the following: 48 h - Patients> 16 years
1998 B* controlled, double-  surgical topical (oral+Gl), systemic a) fever - Sucralfate vs. antacids as
blind b) leukocytosis or leukopenia possible confounding
c) purulent tracheal aspirate factor
d) pos. culture of lower airway secretions
Stoutenbeek RCT, multicenter 401 pts., trauma SDD: P, M, (MV), (LOS) a) CXR (>48 h) Unclear
2007% topical (oral+Gl) + systemic b) purulent tracheal aspirate

c) fever
d) leukocytosis or leukopenia

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @uhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
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Table 40: Sudy characteristics Gastrointestinal I nterventions: SDD with additional topical agents

Sudy ID Methods Participants, ICU Interventions Outcomes AC  Definition of pneumonia Min. Notes
type duratio
n of MV
Konrad 199%** RCT 40 pts., surgical SDD: P,M B a) CXR 4d
nasal gentamicin in addition to SDD: b) purulent tracheal secretions with pos.
topical (oral+Gl) + systemic Gram stain
) pos. bacterial culture
d) one of the following:
- fever
- leukocytosis
- pos. auscultation
Laggner RCT, double-blind, 67 pts., mixed SDD: P, M, MV, LOS A a) CXR 5d - All patients received
1994% placebo-controlled orally administered gentamicin b) tracheal colonization sucralfate, amphotericin B
in addition to standardized amphotericin B c) fever and oral disinfectants
d) leukocytosis or leukopenia
Nardi 2007 RCT, double-blind 223 pts., mixed Nasal mupirabzontamination in P, M, MV, LOS A a) CXR 48 h - Data and definition of
addition to SDD: topical (oral+Gl) b) purulent tracheal secretions clinically suspected
c) fever pneumonia abstracted
d) leukocytosis or leukopenia
e) hypoxemia
Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @uhe in brackets: data reported but not abstrastabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,
Table 41: Sudy characteristics Gastrointestinal I nterventions: Interventionsto reduce the bacterial reflux load
Sudy ID Methods Participants, |ICU Interventions Outcomes AC Definition of pneumonia Min. Notes
type duration of
MV
Colsz\;gyn RCT 113 pts., medical Sucralfate vs-&htagonists (cimetidine) P, M B Clinical andicdaigical criteria Unclear - Abstract
199
Cook 1998" RCT, double-blind, 1200 pts., mixed  Sucralfate vs. Hantagonists (ranitidine) P, M, (LOS) A CDC-criterid?® 48 h - Data of CDC definition of
placebo-controlled pneumonia abstracted
Driks 1987 B® RCT 38 pts., surgical, Sucralfate vs. Hantagonists (cimetidine or P, (M), (MV) B CXR plus at least three of the falimg: 24 h - Control group divided
medical, coronary ranitidine) a) purulent sputum (Gram stain) through numbers of

b) pos. tracheal aspirate culture
c) leukocytosis
d) fever

comparisons (three)
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Eddleston RCT 60 pts., mixed

199"

Fabian 199%° RCT 278 pts., trauma

Kantorova RCT, placebo- 140 pts., trauma

2004%° controlled

Kappstein RCT 104 pts.,

19917 anesthesiologic

Laggner RCT 32 pts., mixed

1989

Pickworth RCT 92 pts., trauma

19937

Prod’hom RCT 122 pts., medical,

1994 R'¢ surgical

Ryan 199%° RCT 114 pts., medical,
surgical

Stoehr 1998 RCT 50 pts., surgical

A323

Sucralfate vs. Hantagonists (ranitidine) P, M, MV, LOS
Sucralfate vs-dtitagonists (bolus or P, M, (LOS)

continuous cimetidine)

Sucralfate vs. Hantagonists (famotidine) P, M, MV, LOS

Sucralfate vs. Hantagonists (cimetidine) P, M, (MV)

Sucralfate vs. Hantagonists (ranitidine) P, M, MV

Sucralfate vs- Entagonists (ranitidine)

Sucralfate vs. K antagonists (ranitidine) P, M
Sucralfate vs. Hantagonists (cimetidine) P, M, (MV)
Sucralfate vs. Hantaginists (ranitidine) P,M

P, M, (MV), (LOS)

A

B

a) CXR 4d
b) |PaQ/FiO,
c) pos. culture from tracheal aspirate
d) fever or leukocytosis
€) organism colonized in ascending orde!
the stomach, oropharynx and trachea
a) CXR
b) purulent tracheal aspirate
) pos. culture
d) fever
e) leukocytosis
CXR plus at least 3 of the following:
a) purulent tracheal aspirate
b) leukocytosis or left shift
c) fever
d) pos. BAL, PSB or tracheal aspirate
culture
€) pos. blood or pleural fluid culture
CXR plusleast three of the following:
a) purulent tracheal secretions
b) pos. culture of tracheal secretions
c) leukocytosis
d) fever
a) CXR
b) bronchial colonization
c) leukocytosis
d) fever
CXftus three of the following:
a) fever
b) leukocytosis
c) pos. sputum culture
d) pos. Gram stain
CXR plus at least one of the following:
a) one of the following:
-pos. pleural fluid or blood culture with
same pathogen as isolated in tracheal
aspirate
- radiographic cavitation
- histopathologic evidence
b) At least two of the following:
- pos. Gram stain
- leukocytosis
- fever
CDC-critéfia

Unclear

48 h

24 h

48 h

Unclear

24 h

48 h

Unclear (conference report) 3d

- Patients> 15 years

- Cimetidine groups
(bolus+continuous)
combined

- Placebo and proton pump
inhibitor group excluded

- Patients15 years

- Sucralfate group divided
for comparison with the
antacid and ranitidine group

- Patients >16 years

- All patients received
subglottic lavage and
suctioning
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Thomason
1996 A7

Tsiotras
19932

Bonten 1998

Driks 1987 &°

Mahul 1992
A2

Prod’hom
1994 B"®

Thomason
1996 B’

Tryba 19874

RCT

RCT

RCT, double-blind

RCT

RCT

RCT

RCT

RCT

120 pts., trauma,
surgical,
neurosurgical

100 pts., head
trauma

141 pts., mixed

59 pts., surgical,
medical, coronary

145 pts., medical,
surgical

122 pts., medical,
surgical

122 pts., trauma,
surgical,
neurosurgical

100 pts., surgical

Sucralfate vs. Hantagonists (ranitidine)

Sucralfate vs. Hantagonists (ranitidine)

Sucralfateargacids

Sucralfate vs. antacids

Sucralfate vs. antacids

Sucralfate vs. antacids

Sucralfate vs. antacids

Sucralfate vs. antacids

P, M, (MV)

P, M, MV

P, M, LOS

P, (M), (MV)

P, (M), (LOS)

P, M

P, M, (MV)

P, M, (MV)

B

CXR plus¢e of the following:
a) leukocytosis
b) pos. tracheal or blood culture
c) pos. Gram stain
d) fever
a) CXR
b) fever
c) leukocytosis
d) purulent tracheal secretions
CXR, pos. BAL, PSB, bloocptaural
fluid culture plus at least one of the
following:
a) fever or hypothermia
b) leukocytosis and/or left shift or
leucopenia
c) pos. Gram stain

CXR plus at least three of the following:

a) purulent sputum (Gram stain)
b) pos. tracheal aspirate culture
c) leukocytosis
d) fever

a) CXRdafi8h of intubation)
b) pos. BAL culture

CXR plus at least one of the following:
a) one of the following:
-pos. pleural fluid or blood culture with
same pathogen as isolated in tracheal
aspirate
- radiographic cavitation
- histopathologic evidence
b) At least two of the following:
- pos. Gram stain
- leukocytosis
- fever
CXR plus thoé the following:
a) leukocytosis
b) pos. tracheal or blood culture
c) pos. Gram stain
d) fever
CXR plus three of the following:
a) fever
b) leukocytosis
c) bacteria in the tracheal smear

- Various attempts to contact
authors regarding pneumonia
definition failed

24 h

48 h

3d - Patientz 15 years

24 h - Control group divided
through numbers of
comparisons (three)

3d - No interactions between

SDD and subglottic
suctioning proven by
statistical testing

24 h - Sucralfate group divided
for comparison with the
antacid and ranitidine group

24 h

24 h
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Eddleston
1994

Driks 1987 ¢&°

Maier 1994%

Sirvent 1992

Holzapfel
1990°°
Hanisch 1998
A141

Hanisch 1998
Bl4l

Heyland
1999

Tulaimat
20052

Kostadima
2005

RCT, placebo-
controlled

RCT

RCT

RCT

RCT

RCT, placebo-
controlled

RCT, placebo-
controlled

RCT, double-blind,
placebo controlled

RCT, double-blind,
placebo-controlled

RCT

26 pts., mixed

33 pts., surgical,

medical, coronary

98 pts., trauma

51 pts., mixed

128 pts., mixed

72 pts., surgical

86 pts., surgical

95 pts., mixed

29 pts., respiratory

41 pts., stroke or

head injury

Sucralfate vs. placebo

Sucralfate vs. antacids +tdntagonists
(cimetidine or ranitidine)

Sucralfate vs-dthitagonists (ranitidine) +
antacids
Sucralfate vs. Hantagonists (ranitidine) +
antacids

Hantagonists (cimetidine) + antacids vs.
no treatment
Pirenzepine vs. placebo

Hantagonists (ranitidine) vs. placebo

Acidified enteral feeds vs. control feeds

Acidified feeds (potassiunbate) vs.
standard feeding formula

Early gastrostomy (within 24h of
intubation) vs. nasogastric tube feeding

P, M

P, (M), (MV)

P, M, MV, LOS

=)

P

P, M, (MV), (LOS)

P, M, (M\OOE)

P, M, (MV), (LOS)

P, M

frequency of VAP,

length of ICU stay,

duration of MV,

oe]

B

d) suggestive changes in the arterial bloc
gases

a) CXR
b) |PaQ/FiO,
¢) pos. culture from tracheal aspirate
d) fever or leukocytosis
e) organism colonized in ascending order
the stomach, oropharynx and trachea
CXR plus at least three of the following:
a) purulent sputum (Gram stain)
b) pos. tracheal aspirate culture
c) leukocytosis
d) fever
CDC-criteritf®

a) fever

b) leukocytosis

c) purulent sputum

d) CXR

e) pos. bronchial brushing culture

a) classical criteria

b) pos. PSB culture

a) CXR

b) purulent tracheal secretions or pos.
tracheal aspirate culture

c) fever

d) leukocytosis

a) CXR

b) purulent tracheal secretion or pos.
tracheal aspirate culture

c) fever

d) leukocytosis

Clinical evaluation plus at least one of the
following:

a) pos. pleural fluid culture

b) rapid cavitation of lung infiltrate (CT)
c) histopathologic evidence

CXR plus at least two of the following:
a) fever or hypothermia

c) leukocytosis or leukopenia

d) purulent sputum

€) pos. blood or pleural fluid culture for the

same organism isolated from sputum or
BAL fluid

f) radiographic cavitation

American Thoracic Society:

CXR plus at least two of the following:
a) fever

Unclear

24 h

72h

5d

Unclear

48 h

48 h

48h

Unclear

Unclear

- Data of ‘retrograde
pneumonia’ (see pneumonia
definition (e )

- Control group divided
through numbers of
comparisons (three)

- Article translated from
Spanish.

- Abstract

- Placebo group divided for
comparison with ranitidine
and pirenzepine

- Comparison ranitidine vs.
pirenzepine excluded

- Placebo group divided for
comparison with ranitidine
and pirenzepine

- Comparison ranitidine vs.
pirenzepine excluded

- Authors describe different
pneumonia definitions and
corresponding data

- Patients16 years
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Kearns 2008*

Kortbeek
1999
Montecalvo
19974

Bonten 1996

MacLeod

2007%
Skiest 19987

Tamowicz
2007%2

Meisner
2003

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT, double-blind,
placebo-controlled

44 pts., medical

80 pts., trauma

38 pts., medical and Small intestinal (jejunal) vs. gastric tube

surgical

60 pts., mixed,
cardiosurgical

164 pts., trauma

16 pts., medical,
surgical

40 pts., mixed

84 pts., mixed

Small intestinal vs. gadeading

Small intestinal (duodenum) vs. gastric

feeding

feeding

Intermittent enteral feeding (20 h
continuous with a 4 h fast)

Intermittent (every 4 h) watmuous

enteral feeding

Intermittent (16 h continuous with a 8 h
fast) vs. continuous enteral feeding

Intermittent (18h continuoushvét6h fast)
vs. continuous enteral feeding

Enteral naloxone

ICU mortality,
mortality

attributed to VAP

P, M, MV, LOS

A

P, M, (MV), (LOS) A

P, M, MV, LOS

P, M, LOS

o

B

P, M, (MV), (LOS) A

b) leukocytosis or leukopenia
c) purulent tracheal aspirates

CXR plus two of the folling: 24 h
a) leukocytosis
b) fever
¢) pos. glucose test or blue discoloration in
the endotracheal secretions
CDC-criterid? 48 h

CXR (>5 d) plus three of the follow: Unclear
a) purulent sputum (pos. Gram stain)

b) pos sputum culture

c) fever

d) leukocytosis

CXR, pos. BAL, blood or pleural fluid 3d
culture plus at least three of the following

a) fever or hypothermia

b) leukocytosis and/or left shift or

leukopenia

c) pos. Gram stain

d) pos. tracheal aspirate culture

CDC-criteritf® 48 h

a) CXR 4d
b) purulent tracheal secretions

) pos. tracheal secretion, pleural fluid or
bronchoscopy culture

d) leukocytosis or fever

a) >48h of MV 6d
b) fever

c) leukocytosis or leukopenia

d) CXR

e) physical examination

f) |PaQ/FiO,

g) pos. PSB, endotracheal aspirate and
blood culture

CXR plus at least one of the following: 7d
a) leukocytosis or leukopenia

b) fever or hypothermia

- Author confirmed MV rate
of 100%

- Patients> 15 years

Yavagal
200G

RCT, double-blind,
placebo-controlled

136 pts., mixed

Enteral metoclopramide (10mg e@&)y

P, (M)

a) CXR Unclear
b) pos. tracheal or sputum culture

c) fever

d) leukocytosis or leukopenia

- Subgroup data of
mechanically ventilated
patients abstracted

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, e in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
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Table 42: Sudy characteristics Gastrointestinal I nterventions. H,-antagonist vs. antacid

Sudy ID Methods Participants, |ICU Interventions Outcomes AC Definition of pneumonia Min. Notes
type duration
of MV
Tryba 1988" RCT 61 pts., surgical, H,-antagonist vs. antacid P a) CXR unclear - Subgroup of patients
anesthesiological b) fever receiving MV
c) leukocytosis
d) bacteria in tracheal swab
e) major alterations in blood gases
Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@frmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
Table 43: Sudy characteristics Gastrointestinal I nterventions: Enriched enteral nutrition
Sudy ID Methods Participants, ICU  Interventions Outcomes AC Definition of pneumonia Min. Notes
type duration
of MV
Caparros RCT, single-blind, 220 pts., medical, High-protein diet enriched with arginine, P, M, (MV), (LOS) A CXR, plus at least two of tfalowing: 5d - MV rate: 96,7% (study group)
2007 multicenter surgical , trauma fiber, and antioxidants a) fever or hypothermia vs. 98% (control group)
b) leukocytosis or leukopenia
c) pos. sputum, bronchial aspirates or
bronchial brushing culture
d) pos. blood culture
e) antibody titer
Houdijk RCT 72 pts., multiple- Glutamine-enriched enteral nutrition P, (MV) A CXR plus one of the following: Unclear
1998°° trauma a) leukocytosis
b) fever
c) pos. Gram stain
d) pos. sputum culture
Mendez RCT, placebo- 43 pts., trauma Immune-enhancing diet (supplemental P, M, (MV), (LOS) A a) CXR Unclear - Author confirmed MV rate of
1997 controlled, double- arginine, trace elements, increased omega- b) fever 100%
blind 3 acids) c) leukocytosis
d) pos. Gram stain and sputum culture
Spindler-Vesel RCT, double-blind, 113 pts., surgical  Enriched enteral nutrition (glutamine, P, (MV), (LOS) A CDC-criteria and consensus conference Unclear - Treatment groups A-C
2007% placebo controlled fiber, peptide) vs. standard feeding on VAP 286 combined for comparison with

control group D
- Author confirmed MV rate of
100%
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Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 44: Sudy characteristics Gastrointestinal I nterventions: Early enteral nutrition

Sudy ID Methods Participants, ICU  Interventions Outcomes AC Definition of pneumonia Min. Notes
type duration
of MV
Ibrar211i6r;1 RCT 150 pts., medical High- vs. low-caloric eanyteral feeding P, M, (MV), LOS B American CollegeChest Physicians: 24 h
200 CXR:

a) plus one of the following:

- pos. pleural/blood cultures for the same

organism cultured from tracheal aspirate or

sputum

- radiographic cavitation

- histopathologic evidence

b) or plus two of the following:

- fever
- leukocytosis
- purulent tracheal aspirate
Kompan RCT 52 pts., trauma Early enteral feeding (0 vs. 24h after P, M, MV, LOS A CXR plus at least two of the following: Unclear
2004 admission) a) purulent tracheal aspirate
b) fever
c) leukocytosis
Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: duratmfmmechanical ventilation, LOS: length of stay, Gume in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,
Table 45: Sudy characteristics Gastrointestinal I nterventions: Enteral vs. parenteral feeding
Sudy ID M ethods Participants, ICU Interventions Outcomes AC Definition of pneumonia Min. Notes
type duration
of MV
Kudsk 1992  RCT 98 pts., trauma Enteral vs. parenteral fegdin P, MV B a) fever Unclear - Author confirmed MV rate

b) leukocytosis

) pos. sputum/ BAL culture or purulent
sputum

d) CXR

of 100%
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Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 46: Sudy characteristics Positioning: Rotational Therapy

Sudy ID M ethods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Ahrens 2008  RCT, multicenter 234 pts., medical, Kinetic therapy (arc 0#80° for>18h per P, M, MV, LOS D American College of Chest Physician Unclear
surgical, trauma day) vs. manual turning every 2h CXR (>48h of MV) plus one of the
following:
a) radiographic evidence of pulmonary
abscess formation
b) histologic evidence
c) pos. blood or pleural fluid culture
d) two of the following:
- fever
- leukocytosis
- purulent tracheal aspirate
Demarest RCT 30 pts., trauma Kinetic therapy (arc 0£120°, P,M A a) purulent sputum Unclear
1989 continuously) vs. manual turning every 2| b) CXR
c) fever
Fink 1994 RCT 99 pts., trauma Kinetic therapy (arc of 80°¥0-16h per P, M, (MV), (LOS) A a) fever Unclear - MV-rate: 100% (control
day) vs. manual turning every 2h b) purulent sputum (Gram stain) group) vs. 92.2% (treatment
C) pos. sputum culture group)
d) CXR
Gentilello RCT 65 pts., surgical Kinetic therapy (arc of 124°, continuously P, M, MV, LOS B a) purulent tracheal aspirate and pos. Gr Unclear - MV-rate of 100%
19882 vs. manual turning every 2h stain confirmed by author
b) pos. bacterial cultures
c) CXR
d) leukocytosis or leukopenia or left shift
e) fever
Kirschenbaum RCT 37 pts., chronic Continuous Lateral Rotation Therapy P, M, MV D a) fever Unclear - Only tracheostomized
2002 ventilator unit (CLRT) (arc of 60°, 18h per day, plus b) CXR patients
percussion every 2h) vs. manual turning c) pos. BAL or deep tracheal aspirate
every 2 h culture
Maclntyre RCT, multicenter 104 pts., mixed Continuous Lateral Rotation Therapy P, M B CXR (>24h after initiation of therapy) or 24 h - Outcome: ‘lower
1999% (CLRT) (arc of 60°, continuously) vs. pos. PSB culture plus at least two of the respiratory tract infection’,

manual turning according to ICU standar

following:
a) fever
b) leukocytosis

c) purulent sputum

not explicitly pneumonia
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Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 47: Sudy characteristics Positioning: Prone vs. supine positioning

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Beuret 2002 RCT 51 pts., comatose Prone (4h per day) vsnsymsitioning P, M, MV, LOS B a) CXR Unclear
b) purulent tracheal secretions
c) pos. PSB culture
Guerin 20048® RCT 781 pts., mixed Prone (8h per day) vs. supine positioning P, M, MV A CXR (>48h of MV), pos. BAL or 48 h
Wimberley brush culture, plus at least on
of the following:
a) fever or hypothermia
b) purulent tracheal aspirates
c) leukocytosis or leukopenia
Mancebo RCT, multicenter 136 pts., mixed Prone vs. supine positioning (targeted daily, M, LOS A No standardized criteria. Every center  Unclear - Author contacted for
20062 (with severe 20-h prone sessions) applied own criteria pneumonia criteria
ARDS)
\oggenreiter RCT 40 pts., trauma Prone vs. supine positiong (daily 8-to 2! P, M, MV A a) fever Unclear - MV-rate of 100%
2005 h prone sessions) b) CXR confirmed by author
c) pos. BAL culture
Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €umhe in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
Table 48: Sudy characteristics Positioning: Semirecumbent vs. supine positioning
Sudy ID M ethods Participants Interventions Outcomes AC  Definition of pneumonia Min. Notes
duration
of MV
Keeley 2002 RCT 30 pts., mixed Semirecumbent positioning2s.head of P A CXR plus at least two of the following: 24 h - Data of clinically
bed elevation a) fever suspected pneumina
b) leucopenia or leukocytosis abstracted
c) purulent tracheal secretions
Drakulovic RCT 86 pts., respiratory, Semirecumbent vs. supine positioning P, M, MV, LOS A CXR plus at least two of the following: Unclear - Data of clinically
19994 medical a) fever suspected pneumonia
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b) leucopenia or leukocytosis
c) purulent tracheal secretions

abstracted

Nieuwenhoven RCT, multicenter 221 pts., mixed Semirecumbensupine positioning P, M, (MV), (LOS) A CDC-critatf® 48 h - Data of clinically

2006 suspected pneumonia
abstracted

Girou 2004*°  RCT 18 pts., medical Semirecumbent positioning (30°) and P, (MV) B a) fever 5d

continuous subglottic secretion drainage
supine positioning

b) leukocytosis

c) purulent tracheal secretions

d) CXR

€) pos. PSB culture and/or pos. direct
examination of BAL fluid

Abbreviations: RCT: randomized controlled trial; pts: patier@XR: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,

Table 49: Sudy characteristicsET tubes: Subglottic secretion drainage

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Bo 2000%° RCT 68 pts., surgical Subglottic secretion drgéa P,M B Modified CPIS 36 72h - Article translated from
Chinese
- Suctioning intervals unclear
Liu 20062 RCT 108 pts., Subglottic secretion drainage P, M, MV B CXR plus at least two of the following: 48 h - Article translated from
respiratory a) fever Chinese
b) leukocytosis or leukopenia - Suctioning intervals unclear
c) purulent secretions
d) pos. sputum culture
Mahul 1992 B RCT 145 pts., medical, Subglottic secretion drainage (1h intervals) P, M B a) CXR (>48h of intubation) 3d - Stress ulcer prophylaxis
221 surgical b) pos. BAL culture and subglottic suctioning
were tested for interaction
Metz 19984 RCT 24 pts., trauma, Subglottic lavage and secretion drainage P B a) fever 3d We dropped the pharyngeal
surgical (3h intervals) b) leucocytosis or leucopenia lavage group
c) CXR
d) purulent tracheal secretions
e) pos. BAL or tracheal secretions culture
Smulders RCT 150 pts., general Subglottic secretion drair{@fsec P, M, MV, LOS A American College of Chest Physidan 72 h
2002*° intervals) vs. standard endotracheal tube CXR infiltrate plus:

a) radiographic evidence for cavitation or
histologic evidence or pos. blood culture
b) pos. pleural fluid culture

¢) two of the following:

- fever
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- leukocytosis or leukopenia,

- purulent tracheal aspirate
Stohr 1998 B RCT 50 pts., surgical Subglottic lavage and secretion drainage P, M B Unclear (conference report) Unclear
B2 h intervals) vs. standard endotracheal tut

-Various attempts to contact
authors regarding pneumonia
definition failed

Valles 1995° RCT 152 pts., medical, Subglottic secretion drainage (continuous)P, M, (MV), (LOS) B a) fever 72h
surgical vs. no drainage b) leukocytosis or leucopenia
c) purulent secretions
d) CXR

e) pos. PSB or BAL culture

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush; CPIS: Clinical Pulmotafigction Score;
Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €umhe in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;

Table 50: Sudy characteristics ET Tubes: Silver coated endotracheal tube

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Rello 2006®*  RCT, single-blind, 121 pts., mixed Silver coated tube vs. standard P, M, MV B Modified CPIS >8® 24 h - CPIS6 score was infection
multicenter endotracheal tube threshold, not explicitly
‘pneumonia threshold’
Kollef 2008®®  RCT, single-blind, 1509 pts., mixed  Silver coated tube vs. standard P, (M), (MV), A Quantitative BAL fluid cultures obtained ¢ 24.h
multicenter endotracheal tube (LOS) suspicion of VAP or positive CXR plus 2

clinical signs (fever/hypothermia,
leukocytosis/leukopenia, purulent trache:
aspirate)

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush; CPIS: Clinical Pulmotafigction Score;
Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, e in brackets: data reported but not abstragtabl

AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,
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Table 51: Sudy characteristics ET Tubes: Automated control of endotracheal tube cuff pressure

Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumonia Min. Notes
duration
of MV
Valencia 2007 RCT 142 pts., Automated control of endotracheal tube P, M, LOS CXR plus at least two of the following: 48 h
357 respiratory, general cuff pressure vs. conventional management a) fever or hypothermia
of the tube cuff pressure b) leukocytosis or leucopenia
c) purulent respiratory secretions.
Abbreviations: RCT: randomized controlled trial; pts: patier@%R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush;
Outcomes: P: pneumonia, M: mortality, MV: duratmfmechanical ventilation, LOS: length of stay, €ume in brackets: data reported but not abstragtabl
AC: allcocation concealment: A=adequate, B=uncléainadequate, D=not used,;
Table 52: Sudy characteristics Non-calssifyable Interventions
Sudy ID Methods Participants Interventions Outcomes AC Definition of pneumoniaeumonia Min. Notes
duration
of MV
Claridge 2007 RCT, double- 105 pts., trauma Aerosolized ceftazidime P, M, (MUDS) A Pos. quantitative BAL cultures pluseddt Unclear
62 blind, placebo- three of the following:
controlled a) leukocytosis or leukopenia
b) fever or hypothermia
c) CXR
d) purulent secretions
Greenfield RCT 58 pts., respiratory- Aerosolized polymyxin P, M, (MV), (LOS) B a) CXR 24 h
1973 surgical b) pos. Gram stain of sputum
C) pos. sputum culture
d) evaluation of temp. course and white
blood cell count
Li 20022%° RCT 114 pts., mixed Aerosolized gentamicin P t leAst two of the following for >48h: 4d - Article translated from
a) fever or increase of at least 1°C/day Chinese
b) leukocytosis or leukopenia
¢) purulent sputum and pos. sputum culture
d) CXR
Wood 2002  RCT, placebo- 40 pts., trauma Aerosolized ceftazidime P, M, MV, LOS A Pos. BAL culture plus American College ¢ 7 d - Patients> 16 years
controlled, Chest Physicians criteria for the systemic
double-blind inflammatory response syndrome
Acquarolo RCT 38 pts., general- Intravenous ampicillin-sulbactam (3-day P, M, MV, LOS A a) CXR, 48 h - Data of late-onset

2005°

neurological (brain
injury)

regimen)

b) pos. BAL or mini-BAL culture
c) one of the following:

pneumonia abstracted
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- fever or hypothermia
- leukocytosis or leucopenia

Martinez- RCT 113 pts., trauma Intravenous cefotaxime (4-day regimer P, M, MV, LOS B CDC-criteria® 72 h - Article translated from
Pellus 1994 in addition to pharyngeal Spanish
decontamination
Sirvent 1997° RCT 100 pts., head injury Intravenous cefuroxime (twofold high P, M, LOS B CXR, pos. BAL culture plus two of the 72h
or stroke dose at intubation) following:
a) fever
b) leukocytosis
c) purulent tracheal secretions
d) |PaO2/FiO2
e) CPIS >6™®
Martinez- RCT 59 pts., trauma Topical pharyngeal decontamination ve P, M, MV, LOS B CXR (>48h in ICU) plus at least one of th 72 h - Historical control group
Pellus 1996 topical tracheal decontamination following excluded
a) fever - Article translated from
b) leukocytosis Spanish
c) |PaQ/FiO;
E?Izapfel 1999 RCT 399 pts., mixed Systemic search for maxillanysitis P, M, MV, LOS A a) CXR 7d - Patients > 15 years

b) fever or hypothermia

c) leukocytosis or leucopenia and /or

purulent tracheobronchial secretions

d) pos. PSB culture

Clinical diagnosis and CPi% of same 48 h
calendar day

Ntoumenopoul RCT, partly
0s 2002 blinded

60 pts., medical,
surgical, trauma

Chest physiotherapy twice daily P, M, (MV), (LOS) D - ICU staff excluding
physiotherapists were
blinded to physiotherapy,
physiotherapists were
blinded to diagnosis of
VAP

- Data of confirmed
pneumonia abstracted,
since criteria for clinically

suspected pneumonia

Ntoumenopoul RCT
0s 19987

46 pts., trauma Manual lung hyperinflation @odtural P, M, MV, LOS A CXR plus at least three of thedeling: 24 h
drainage twice daily a) fever
b) leukocytosis

c) purulent sputum with bacteria on Gram

stain insufficient
d) pos. culture
Heard 1998 A  RCT, placebo- 21 pts., traumatic Daily subcutaneous injection of P, (MV), (LOS) a) CXR 72 h - Control group divided for
143 controlled, head injury or recombinant human granulocyte colon) b) pos. quantitative culture of secretions both comparisons
double-blind, intracerebral stimulating factor (filgrastim, 75&) from the lower respiratory tract
multicenter hemorrhage
If no bronchoscopy possible a) plus clinic
criteria
Heard 1998 B RCT, placebo- 23 pts., traumatic Daily subcutaneous injection of P, (MV), (LOS) a) CXR 72h - Control group divided for
143 controlled, head injury or recombinant human granulocyte colony- b) pos. quantitative culture of secretions both comparisons
double-blind, intracerebral stimulating factor (filgrastim, 3Q@) from the lower respiratory tract
multicenter hemorrhage
If no bronchoscopy possible a) plus clinical
criteria
Pneumatikos  RCT 79 pts., trauma Selective decontamination of the P, M, MV, LOS Clinical and laboratory data plus pos. PSI 5d

200277

subglottic area vs. placebo followed by

culture
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subglottic secretion drainage

Manzano RCT 127 pts., general, Early application of PEEP in P, M, (MV), (LOS) A CDC-criteri&® 48 h
2008 trauma nonhypoxemic pts.
Pepe 1984%° RCT 92 pts., mixed Early vs. late application of PEEP P,M B a) pos. culture from endotracheal aspirat¢ Unclear
b) fever
c) leukocytosis
d) CHR, congestive heart failure or
extensive atelectasis
Porter 199 RCT 18 pts., trauma Antioxidant therapy (seleniuitamin P, LOS A a) fever unclear - Patients15 years
E, vitamin C, N-acetycysteine) vs. no b) leukocytosis - Author confirmed MV-
treatment c) CXR rate of 100%
d) change in sputum quality or quantity
€) pos. sputum Gram stain
f) pos. PSB or BAL culture
Berger 2006*  RCT, placebo- 35 pts., burn center Antioxidant therapy (selenium, copper P, (M), (MV), (LOS) B a) SIRS (fever, tachycardia, leukocytosis) 24h - Two trials combined
controlled, and zinc) vs. placebo b) CXR - Only patients with MV
double-blind ¢) hypoxemia >24h included
d) purulent sputum or tracheal secretion
€) pos. BAL or mini-BAL culture
f) >48h of MV
Di Filippo RCT, double- 48 pts., mixed Endonasal mupirocin (3x for 3d) vs. P B a) at least one of classic sepsis criteria ~ 48h - Article translated from
1999%* blind placebo (tachycardia, hypocapnia or Italian
hyperventilation, fever or leukocytosis) - Outcome: MRSA
b) purulent sputum + CXR pneumonia

c) pos. PSB culture

Abbreviations: RCT: randomized controlled trial; pts: patier@R: chest X-ray; BAL: bronchoalveolar lavage; P$Botected specimen brush; CPIS: Clinical Pulmorafigction Score;

Outcomes: P: pneumonia, M: mortality, MV: durat@fmechanical ventilation, LOS: length of stay, @umhe in brackets: data reported but not abstrastabl

AC: allcocation concealment: A=adequate, B=uncl€ainadequate, D=not used
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b) Study characteristics of excluded trials

Table 53: Excluded trialswith reason for exclusion

Sudy ID Reason for excluson I ntervention Group
Adams 1997 Liver transplant patients AM
Aerdts 1997 Double publication (see Aerdts 1990, J Antimicrdie@other) Gl
Apte 1992* 31% (study group) vs. 22% (control group) mecbalhj ventilated Gl
Armstrong 1992° No pneumonia data, no % of MV Gl
Badger 19917 Liver transplant patients Gl
Barker 2002® No pneumonia/VAP as an outcome NC
Ben-Menachem 199% 65% (control), 72% (sucralfate) and 76% (cimeii)imechanically Gl
ventilated
Beuret 2002° Double-publication (see Beuret 2002, Intensive Géeel) P
Blot 2003% Study protocol, no trial AM
Blunt 2001*®° No pneumonia as an outcome ET
Boldt 1999°% No RCT, no VAP NC
Brook 1999% No pneumonia as an outcome NC
Cerra 1992° Pneumonia data not abstractable since not nuafitgatients but number of Gl
episodes reported
Chastre 2005 Abstract of Kollef 2006 ocC
Chen 20068 No abstractable pneumonia data Gl
Choi 2005%° No RCT AM
Cioffi 19945 60% (antacids+cimetidine-group) vs. 58% (sucteifiroup) of patients Gl
intubated
Clini 2006 Patients not MV NC
Cockerill 1992% 89% vs.80% intubated Gl
Croton 1981° No ICU patients, postop. patients NC
Daschner 1988 Randomization? No response from author AM
Davis 2000 Abstract of Davis 2000 Crit Care Med AM
De Jonge 200% No outcome VAP or Pneumonia Gl
treatment group: 83.7% intubated
control group: 86.9% intubated
De La Cal 200%° 74% (treatment group) vs. 80% (control group) iatell Gl
deBoisblanc 199% 86% (study group) vs. 84% (control group) mecbalty ventilated P
Demetriou 1998’ No RCT, comment on original publication (Montecah@9?2) Gl
DeRiso 1996° Heart surgery patients ocC
Douzinas 2006° Patients all already had VAP; gastro-esophagelabgefiot VAP is outcome Gl
of this trial
Dries 2004 Retrospective study, no RCT AM
Ephgrave 1998% No report on % of ventilated patients, author coigd: most patients were Gl
intubated over night, but only 25-35% for >48h
Fagon 2000 No preventive strategy AM
Ferrer 20062 Control group not MV AM
Flaherty 199G*° Open heart surgery patients, mean duration ohmamt. 1.8 days Gl
Freytag 2003%° No pneumonia/VAP as outcome AM
Geroulanos 19887 Cardiac surgery patients NC
Gosney 2006* None of the patients required mech. vent. Gl
Grap 2004 No incidence of VAP reported. Author contactedi tiresponse. ocC
Hammarqvist 199%* Double-publication: same contents as original Hggupublication (Lancet Gl
1998)
Hammond 1993% Subgroup analysis of patients included in stuaylished by Hammond in Gl
the Lancet 1992
Heslet 2002° No RCT
Hoffer 1999'% No VAP as outcome, no % of mechanically ventdgtatients, not the Gl
intervention and study population we are looking at
Houston 2002%* Cardiovascular patients ocC
Kindgen Milles 20027 Excluded patients requiring mech. vent. for >48h AM
Kirton 1997”7 Patients included in Kirton 1997 in Chest AM
Klastersky 19747 25.5% (study group) vs. 21.4% (control group) MV NC
Kollef 1999%°* Cardiac Surgery Patients ET
Konrad 1995 No pneumonia/VAP as an outcome NC
Leur 2008® Pneumonia episodes, not cases reported; no pregesttategy for VAP AM
Levy 1997%% 72% (ranitidine group) vs. 50% (omeprazole grauprhanically ventilated Gl
Lode 19923 No RCT NC
Mandelli 1989%%° 48.1% (cefoxitin group) vs. 44.9% (penicillin gp) vs. 47.7% (control Gl
group) intubated at admission
Martin 19933 Not clear how many % of patients intubated; attetmgontact author Gl
considering the definitions for study entry it igikely
Metz 19934 93% (study group) vs. 80% (placebo group) mecladigigentilated Gl
Mustafa 1995 Letter, no RCT Gl
Nathens 20022 Only about 80% MV (author contacted) NC
Nelson 199%* No abstractable pneumonia/VAP data, only “pulmorapcess P
complications”
Normand 200%° No pneumonia/VAP as outcome ocC
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Ogata 200%°
Okuda 200%°
Ong 2004%
Ortiz 1998%
Palomar 199%°
Rathgeber 1998
Rossi 200%2
Ruiz 1998°%
Ruiz 1998%
Sacks 200%°
Segers 200€°
Siempos 200%°
Silvestri 20072
Simms 1993

Stoller 2008
Strong 199%7

Traver 1998*
Tryba 1988
Tulli 1986%4

Ulrich 1989°°
Valles 199%°

Van Enckevort 2002

Van Nieuwenhoven 206%

Van Saene 2068
Vogel 198F%°
Whiteman 199%°
Winter 19937

Wood 2007%°
Young 199§%
Young 2006
Zeitoun 2003%
Zhang 200%°
Zwaveling 2002’

No pneumonia/VAP as outcome

No pneumonia/VAP as an outcome, not our study [abpn

No abstractable pneumonia data

No VAP/pneumonia as outcome

Double publication; patients included in publicatiaf Palomar 1997
Children included

No ICU or critically ill patients

No preventive strategy, diagnostic strategy

No preventive strategy, diagnostic strategy

No RCT

Cardiac surgery patients

No RCT

No RCT

No report on % of intubated patients at admission;

at diagnosis of pneumonia 78% intubated

Not randomized, no RCT

Not our study population, "malnoutrished, hospitad patients";
unclear, how many % of patients intubated

89.8% vs. 88.7% mechanically ventilated

Double publication (J Clin Anesth 1988)

Post-op patients, not our study population

77% (treatment group) vs. 83% (control group) naedtelly ventilated
Preliminary data of Valles 1995, Ann Int Med

Liver transplant patients;

no VAP as outcome

No RCT, no VAP/pneumonia as outcome

No RCT

No RCT

Liver transplant patients

Control group partly retrospectively studied, 85%ctmanically ventilated

(author contacted)

No RCT, review

No pneumonia/VAP as an outcome
No pneumonia/VAP as an outcome
Abstract of Zeitoun 2003-J Clin Nurs
No VAP as outcome

Liver transplant patients

Abbreviations: AM: Airway Management, ET: EndotraehTube, Gl: Gastrointestinal Inetrventions, N®t Blassifyable, OC: Oral Care, P:

Positioning,
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C) Table of guideline recommendations

Table 54: Table of guideline recommendations

Tablan 2004 M etaanayltic results
(CDC- Am. Thor. Soc. Muscedere and
Torres 2001*° Collard 2003% guideling)®* Dodek 2004 Guidelines2005° 2008 recommendations

Oral Care
Antiseptic Decontamination

Chlorhexidine
Povidone-lodine
Iseganan

Airway Management
Tracheostomy
Weaning
Weaning protocol
probably beneficial but

Non-invasive MV should be investigated

Closed vs. open endotr. suct. still controversial

Daily vs. no daily change of in-line

suction catheters still controversial

Heat and moisture exchanger vs.

heated humidifier still controversial

Extended use of heat and moistul
exchanger

less changes
recommended

Components os heat and moisture
exchanger

Change of ventilator circuits (less
frequent) weekly changes

Heated vs. non-heated wire circuits

less changes
recommended

orotracheal intubation
Oro- vs. nasotracheal intubation recommended

Bacterial filter

no recommendation

no recommendation for no recommendation for

routine use routine use
no recommendation
recommended
recommended recommended

closed suctioning

no recommendation system recommended

no recommendation

heat and moisture
exchangers
recommended

no recomménda no recommendation

not routine change mor
frequently than every 4
h weekly changes

no routine changes no routine changes

orotracheal intubation orotracheal intubation
recommended recommended

orotracheal intubation
recommended

no recommendation

should be considered
should be considered
not recommended

no recommendatio

closed suctioning
system recommended

change for every new
patient recommended

no recommendation

extended use of 5-7
days

no scheduled changes

orotracheal intubation
recommended

not recomdezh

++

+/-

+/-

*)

++

+/-

+/-

+/-

*)

+/-

*)

+/-

*)

+/-

137



Appendix

Tablan 2004 M etaanayltic results
(CDC- Am. Thor. Soc. Muscedere and
Torres 2001%° Collard 2003% quideline)® Dodek 2004% Guidelines 2005°  2008°* recommendations

Gastrointestinal I nterventions

Selective Decontamination of the recommendation for
subgroups of patients

digestive tract (SDD)
SDD with additional topical
antibiotics

Interventions to reduce the bacterial
reflux load

Sucralfate vs. H2-antagonists

Sucralfate vs. Antacids
Sucralfate vs. Placebo

Sucralfate vs. H2-antagonists +
antacids

No treatment vs. H2-antagonist
+antacids

Placebo vs. Pirenzepine
Placebo vs- H2-antagonist
Acidified enteral feeds

Early gastrostomy
Small intestinal vs. Gastric
feeding

Intermittent enteral feeding

Enteral naloxone

Enteral metoclopramide
H2-antagonist vs. Antacid

Enriched enteral nutrition
Early enteral nutrition

Enteral vs. Parenteral feeding

still controversial

still controversial
still controversial

still controversial

still controversial

still controversial

no recommendation

recommendation for
sucralfate

recommendation for
sucralfate

recommendation for
sucralfate

no recommendation

no recommendation
no recommendation

not recommended

no recommendation
(glutamine)

no recommendation for
routine use

no recommendation

no recommendation
no recommendation

no recommendation

no recommendation

no recommendation

no recommendation
no recommendation

no recommendation

no recommendation

no recommendation for

routine use no recommendation

recommendation for
sucralfate and H2-
antagonists

enteral feeding
recommended

++

+/-

++

)

*)

+/-
+/-

+/-
*)
+/-
+/-
*)
+/-
+/-

+/-
-+/

++
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Tablan 2004 M etaanayltic results
(CDC- Am. Thor. Soc. Muscedere and
Torres 2001%° Collard 2003% quideline)® Dodek 2004% Guidelines 2005°  2008°* recommendations

Positioning

consideration in select

patient populations
Rotational therapy (surgical, neurological) no recommendation should be considered shouldhsdered ++
Prone vs. Supine positioning no recommendation no recommendation (+)
Semirecumbent vs. Supine
positioning recommended recommended recommended ommeended recommended recommende (+)
Endotracheal tubes

no recommendation for recomended in pts.
Subglottic secretion drainage still controversial general use Recommended Recommended Recommended ventilated 72h ++
Silver coated tube ++
Automated cuff presure control +/-
Non-classifyable preventive
strategies
Aerosolized antibiotics no recommendation ++

no recommendation for

Intravenous antibiotics still controversial no recommendation no recommendation routine use no recommendation ++
Pharyngeal vs. tracheal
decontamination +/-
Systemic search for maxillary
sinusitis no recommendation no recommendation )
Chest physiotherapy no recommendation ++
Manual lung hyperinflation +/-
Granulocyte colony-stimulating
factor no recommendation +/-
Decontamination of the subglottic
area ++
Early PEEP +/-
Antioxidant therapy ++
Endonasal mupirocin no recommendation +/-

Abbreviations: ++ recommended or statistically significant, (#¥Qlpably beneficial but non-significant, +/- equiabor no recommendation, (-) possibly harmful dmetéfore not recommended, -- should be avoidedusec

harmful
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