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Background: Ventilator-associated pneumonia is a common
cause of morbidity in critically ill patients. Interventions beneficial
to the prevention of ventilator-associated pneumonia would there-
fore have a significant impact on the care of these patients.

Purpose: To perform a literature review and synthesis of meth-
ods for prevention of ventilator-associated pneumonia.

Data Sources: MEDLINE (1966–2001), the Cochrane Library,
and bibliographies of retrieved articles.

Study Selection: Studies were required to be prospective and
controlled in design and to evaluate clinically important or surro-
gate outcomes. Surrogate outcomes were required to have a direct
link to clinically important outcomes supported by the literature.

Data Extraction: Data on patients, definitions, study design,
and outcomes were abstracted and graded by using preestablished
criteria.

Data Synthesis: The preventive practices with the strongest

supportive evidence were semi-recumbent positioning, sucralfate
instead of H2-antagonists for stress ulcer prophylaxis, and selec-
tive digestive tract decontamination. Aspiration of subglottic se-
cretions and oscillating beds may be useful in select populations.
There is no evidence to support specific methods of enteral feed-
ing or increased frequency of ventilator circuitry changes.

Conclusions: After evaluation of potential benefits and risks,
the authors recommend considering several specific interventions
to reduce the incidence of ventilator-associated pneumonia: semi-
recumbent positioning in all eligible patients, sucralfate rather
than H2-antagonists in patients at low to moderate risk for gas-
trointestinal tract bleeding, and aspiration of subglottic secretions
and oscillating beds in select patient populations. Selective diges-
tive tract decontamination is not recommended because routine
use may increase antimicrobial resistance.
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Ventilator-associated pneumonia is a common and
highly morbid condition in critically ill patients (1).

Epidemiologic investigations have shown cumulative inci-
dence rates of 10% to 25% (1–3), crude mortality rates of
10% to 40% (3), and attributable mortality rates of 5% to
27% (4, 5). Hospital length of stay and cost are both in-
creased in patients who develop ventilator-associated pneu-
monia (5, 6).

Organisms causing ventilator-associated pneumonia
generally fall into two groups: those causing early-onset
ventilator-associated pneumonia (�4 days of mechanical
ventilation) and those causing late-onset ventilator-associ-
ated pneumonia (�4 days of mechanical ventilation) (2,
3). Early-onset organisms are typically antibiotic-suscepti-
ble community-acquired bacteria, while late-onset organ-
isms are commonly antibiotic-resistant nosocomial organ-
isms. Colonization of the oropharynx and the stomach
with potentially pathogenic organisms precedes the devel-
opment of ventilator-associated pneumonia in most pa-
tients (2). The pathogenesis of ventilator-associated pneu-
monia probably involves microaspiration of oropharyngeal
or gastric secretions contaminated with these organisms
(3).

The most widely studied preventive strategies have fo-
cused on the prevention of oropharyngeal or gastric colo-
nization and the prevention of aspiration of contaminated
oropharyngeal or gastric secretions (3, 6–11). This
evidence-based systematic review aims to identify interven-
tions for the prevention of ventilator-associated pneumo-
nia, critically evaluate their efficacy and adverse effects, and
recommend an approach to their use. Portions of this ar-

ticle are based on an extensive scientific review of preven-
tive practices for ventilator-associated pneumonia prepared
for the Agency for Healthcare Research and Quality (12).

METHODS

Search Strategy
We identified articles by performing a systematic

search of MEDLINE and the Cochrane Library and by
hand searching bibliographies of retrieved articles. We be-
gan the literature review by searching MEDLINE for rele-
vant English-language articles published from 1966 to
2001, using a combination of keywords (for example,
pneumon*, ventilat*, prevent*). For the Cochrane Library,
we searched both the Database of Systematic Reviews and
the Database of Abstracts of Reviews of Effectiveness
(DARE) using the terms pneumonia, ventilator, ventilator
associated pneumonia, and nosocomial pneumonia. To iden-
tify additional relevant articles, additional targeted searches
were performed with the following keywords and title
words: semi-recumbent patient positioning, stress ulcer pro-
phylaxis, sucralfate, aspiration of subglottic secretions, contin-
uous oscillation, selective digestive tract decontamination, ven-
tilator circuit changes, heated humidifiers, heat and moisture
exchangers, enteral feeding, metoclopramide, and acidification.

Inclusion and Exclusion Criteria
Study design and outcomes were assessed for each re-

trieved study (Table 1). For inclusion in this review, stud-
ies were required to have at least a level 3 study design
(randomized, controlled trial or observational-cohort con-
trolled trial) and a level 2 outcome (clinically important or
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surrogate outcome). Meta-analyses and systematic reviews
were assigned the level of the best study included, followed
by “A.”

Grading of Preventive Strategies
Each preventive strategy was graded from I to IV on

the basis of the strength of the studies supporting its use. A
rating of I indicated evidence from a meta-analysis or sys-
tematic review of randomized, controlled trials with clini-
cally important outcomes (study design 1A, outcomes 1A);
a rating of IIa indicated evidence from a randomized, con-
trolled trial with clinically important outcomes (study de-
sign 1, outcomes 1); a rating of IIb indicated evidence
from a randomized, controlled trial with surrogate out-
comes (study design 1, outcomes 2); a rating of III indi-
cated evidence from a nonrandomized controlled trial with
clinically important or surrogate outcomes (study design 2,
outcomes 1 or 2); and a rating of IV indicated evidence
from a controlled observational study with clinically im-
portant or surrogate outcomes (study design 3, outcomes 1
or 2).

RESULTS

The computerized literature search found 433 articles,
which we reviewed for study design and relevance. Addi-
tional studies were identified from bibliographic review of
relevant articles. For ease of presentation, articles were
grouped by individual preventive practice or by general
preventive approach. This review discusses semi-recumbent
positioning, stress ulcer prophylaxis, aspiration of subglot-
tic secretions, oscillating beds, selective digestive tract de-
contamination, ventilator circuit management strategies,
and methods of enteral feeding. Appendix Tables 1
through 7 (available at www.annals.org) describe the in-
cluded articles that examined each of these practices.

There are no standardized criteria for the diagnosis
of ventilator-associated pneumonia, but typically three or
more of the following are required: fever, leukocytosis, pu-
rulent secretions, and an infiltrate on chest radiography.
Such criteria result in good sensitivity but poor specificity.
Stricter definitions require a microbiological diagnosis as
well, either by endotracheal aspirate, protected-specimen
brush, or quantitative bronchoalveolar lavage. All studies
included in this review required clinical and radiographic
evidence of pneumonia. However, the lack of uniform di-
agnostic criteria makes it difficult to compare the results of
individual studies, and we did not combine studies into
meta-analyses.

Semi-Recumbent Patient Positioning
Background and Practice Description

Positioning of critically ill patients may affect the in-
cidence of ventilator-associated pneumonia. Supine patient
positioning has been shown to be independently associated
with the development of ventilator-associated pneumonia,
possibly because of an increased risk for gastroesophageal

reflux and aspiration (13). Semi-recumbent positioning
(defined as elevation of the head of the bed to 45 degrees)
may decrease the risk for ventilator-associated pneumonia.

Summary of the Evidence

Three trials have evaluated the efficacy of semi-recum-
bent positioning (14–16). Two measured gastroesophageal
reflux and aspiration events (surrogate outcomes) (15, 16),
and one measured the incidence of ventilator-associated
pneumonia (14). Both of the former studies reported a de-
creased frequency of gastroesophageal reflux and aspiration
with semi-recumbent positioning (15, 16). The third trial
found a statistically significant reduction in ventilator-
associated pneumonia (14). There was no difference in mor-
tality.

Potential for Harm and Cost

No adverse effects were observed in patients randomly
assigned to semi-recumbent positioning (14). Patients were
excluded if they had undergone abdominal or neurologic
surgery within 7 days, had shock refractory to vasoactive
therapy, or had had previous endotracheal intubation
within 30 days. The cost of semi-recumbent positioning is
negligible.

Conclusions and Recommendations

Semi-recumbent patient positioning is a low-cost, low-
risk approach to preventing ventilator-associated pneumo-
nia, and all three trials suggested that it is effective (grade
IIa) (14–16). Semi-recumbent patient positioning should
be considered in all eligible patients. Of importance, only
one trial has looked at the clinical outcome of ventilator-
associated pneumonia (14). These findings should be con-
firmed by additional randomized clinical trials.

Table 1. Study Design and Outcomes Rating Scale*

Level Description

Study design
1 Randomized, controlled trials (includes pseudo-randomiza-

tion, such as alternate allocation)
2 Nonrandomized controlled trials (must be prospective,

with predefined entry criteria and outcomes)
3 Observational studies with controls (includes interrupted

time series, cohort studies, case–control studies)
4 Observational studies without controls (includes cohort

studies without controls, case series)
Outcomes

1 Clinically important outcomes
2 Surrogate or intermediate outcomes
3 Other outcomes relevant to decreasing risk for ventilator-

associated pneumonia
4 No outcomes relevant to decreasing risk for ventilator-

associated pneumonia

* Studies must have had at least a level 3 study design and a level 2 outcome to be
included in this review. Meta-analyses were assigned the level of the best study
included, followed by “A.”
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Stress Ulcer Prophylaxis
Background and Practice Description

Gastric colonization by potentially pathogenic organ-
isms increases with decreasing gastric acidity (17). Medica-
tions that alter the gastric pH, such as H2-antagonists and
antacids, may increase organism counts and increase the
risk for ventilator-associated pneumonia (18). Sucralfate,
an alternative prophylactic agent that does not affect gastric
pH, may not increase this risk.

Summary of the Evidence

Seven meta-analyses of more than 20 randomized tri-
als have addressed the risk for ventilator-associated pneu-
monia associated with various methods of stress ulcer pro-
phylaxis (18–24). Four of the seven meta-analyses reported
a significantly decreased incidence of ventilator-associated
pneumonia with sucralfate therapy compared with H2-
antagonists (19–22), and three reported a statistically sig-
nificant mortality benefit with sucralfate (18, 22, 23).
Three meta-analyses found similar but nonsignificant
trends in reduction of rates of ventilator-associated pneu-
monia in patients given sucralfate (18, 23, 24).

Potential for Harm and Cost

Gastrointestinal bleeding in critically ill patients is as-
sociated with significant morbidity and mortality (25).
Stress ulcer prophylaxis is therefore of importance in these
patients. Sucralfate therapy was associated with a statisti-
cally significant increased risk for clinically important gas-
trointestinal bleeding compared with H2-antagonists in a
recent randomized, controlled trial of 1200 mechanically
ventilated patients (26). Although the results of several
meta-analyses addressing this issue have been discordant
(18, 19), such striking results from a recent large random-
ized trial are notable.

A few studies have evaluated the cost-effectiveness of
stress ulcer prophylaxis (27, 28). The cost per episode of
gastrointestinal bleeding prevented in high-risk patients is
estimated to be several thousand dollars higher with H2-
antagonists than with sucralfate (27). No reliable data exist
comparing overall costs from actual clinical trials.

Conclusions and Recommendations

Stress ulcer prophylaxis with any agent may increase
the risk for ventilator-associated pneumonia (18). There-
fore, sucralfate may decrease risk when compared with H2-
antagonists but not when compared with placebo. The
data comparing stress ulcer prophylaxis with sucralfate and
H2-antagonists suggest a decreased incidence of ventilator-
associated pneumonia with sucralfate (grade I). Clinicians
must weight the benefit of sucralfate in limiting the devel-
opment of ventilator-associated pneumonia against a po-
tential decrease in protection against gastrointestinal bleed-
ing compared with H2-antagonists. Use of sucralfate in
patients at low to moderate risk for gastrointestinal bleed-

ing (that is, those with no coagulopathy or need for pro-
longed mechanical ventilation) is a reasonable approach
(29).

Aspiration of Subglottic Secretions
Background and Practice Description

The accumulation of contaminated oropharyngeal se-
cretions above the endotracheal tube cuff may contribute
to the risk for aspiration (3). Removal of these pooled
secretions through suctioning of the subglottic region, a
practice termed aspiration of subglottic secretions, may re-
duce the risk for aspiration and ventilator-associated pneu-
monia. Aspiration of subglottic secretions requires the use
of specially designed endotracheal tubes containing a sep-
arate dorsal lumen that opens into the subglottic region.

Summary of the Evidence

Three randomized, controlled trials have examined
aspiration of subglottic secretions (30–32). One found a sta-
tistically significant decrease in the incidence of ventilator-
associated pneumonia with aspiration of subglottic secre-
tions (30), while a second study showed a trend favoring
aspiration of subglottic secretions (31). The third trial, lim-
ited to post–cardiac surgery patients, found no difference
(32). All three trials reported a statistically significant delay
in the time to development of ventilator-associated pneu-
monia. No difference in mortality was observed (30–32).

Potential for Harm and Cost

No adverse events were reported with aspiration of
subglottic secretions in more than 150 patients (32). Spe-
cialized endotracheal tubes cost approximately 25% more
than standard endotracheal tubes (for example, $15 per
Hi-Lo Evac endotracheal tube, Mallinckrodt, Inc., St.
Louis, Missouri) (30).

Conclusions and Recommendations

Aspiration of subglottic secretions is a promising new
strategy for the prevention of ventilator-associated pneu-
monia but cannot be recommended for general use because
of the mixed results in the literature (grade IIa). It may be
most effective in patients requiring prolonged (�3 days)
mechanical ventilation (30, 31). Further study of this ap-
proach is warranted.

Oscillating Beds
Background and Practice Descriptions

Immobility in critically ill patients may lead to atelec-
tasis and impaired clearance of bronchopulmonary secre-
tions, thereby potentially increasing the risk for ventilator-
associated pneumonia. Continuous rotational movement
of critically ill patients on specialized kinetic beds may help
prevent ventilator-associated pneumonia.
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Summary of the Evidence

A meta-analysis of six randomized, controlled trials of
oscillating beds found a statistically significant reduction in
the risk for pneumonia (33). However, five of these studies
were limited to surgical patients or those with neurologic
impairment. The sixth study, which included primarily
medical patients, found no significant benefit (34). A re-
cent randomized, controlled trial of medical and surgical
patients not included in the meta-analysis also found no
benefit to oscillating beds (35).

Potential for Harm and Cost

Inadvertent disconnection of intravenous catheters,
pressure ulceration, and an episode of ventricular ectopy
were reported as complications of oscillation (34). Con-
scious patients tolerated oscillating beds poorly. The cost
of specialized beds capable of continuous oscillation (for
example, Roto Rest Delta bed, Kinetic Concepts, Inc., San
Antonio, Texas) is approximately $200 per day.

Conclusions and Recommendations

Although oscillating beds have no apparent benefit in
general populations of medical patients, there is reasonably
good evidence that this practice may be effective in surgical
patients or patients with neurologic problems (grade I).
Use of oscillating beds in these select patient populations
should therefore be considered.

Selective Digestive Tract Decontamination
Background and Practice Description

There has been substantial interest in using topical
antibiotics to sterilize the oropharynx and stomach in me-
chanically ventilated patients (a process termed selective di-
gestive tract decontamination), with the goal of decreasing
the pathogenicity of aspirated secretions and reducing the
incidence of ventilator-associated pneumonia. Most studies
use a combination of topical polymixin, aminoglycoside,
and amphotericin. Many studies also include a short course
(usually 3 days) of intravenous antimicrobial therapy.
Studies of parenteral antibiotics alone have generally failed
to show a benefit (36), although recent studies in patients
with severe burns or coma have suggested a decreased in-
cidence (37, 38). Concern over the development of anti-
biotic resistance has limited widespread investigation of
parenteral prophylaxis alone (8).

Summary of the Evidence

Seven meta-analyses of more than 40 randomized,
controlled trials of selective digestive tract decontamination
have been published in the past decade (39–45). All seven
meta-analyses reported a significant reduction in the risk
for ventilator-associated pneumonia with the use of selec-
tive digestive tract decontamination (39–45). Four re-
ported a significant reduction in mortality (39–41, 43);
four separately analyzed trials that used combined topical
and systemic antibiotics and those that used topical antibi-

otics alone (39, 40, 43, 44). While both approaches pre-
vented ventilator-associated pneumonia, no mortality ben-
efit occurred with topical prophylaxis alone (39, 40, 43, 44).

Subgroup analyses have yielded conflicting results. A
recent meta-analysis showed an increased benefit in surgi-
cal compared with medical patients (39), while another
showed no difference according to type of patient (surgical
or medical) or severity of illness (that is, Acute Physiology
and Chronic Health Evaluation [APACHE] score) (40).
The reason for discordance among these meta-analyses
probably stems from differences in inclusion criteria, defi-
nitions of outcome measures, and analytic methods.

Potential for Harm and Cost

The primary risk associated with selective digestive
tract decontamination is the development of antibiotic re-
sistance (46–48). The impact of selective digestive tract
decontamination on the emergence of resistant organisms
is currently unknown. Several trials found that this proce-
dure significantly decreases overall cost of antibiotics per
patient (by 37% to 42%) (49–51) and hospital costs (by
20%) (51, 52).

Conclusions and Recommendations

Selective digestive tract decontamination seems to re-
duce the incidence of ventilator-associated pneumonia
(grade I) and, when a combined topical and intravenous
regimen is used, may reduce intensive care unit–related
mortality (grade I) (53). A recent review of 32 studies of
selective digestive tract decontamination found an inverse
relationship between methodologic quality and benefit,
suggesting that the findings of meta-analyses may be overly
optimistic (54). Regardless of its likely efficacy, selective
digestive tract decontamination cannot be recommended
because of serious concern regarding its long-term effects
on antibiotic resistance patterns. Future research should
clearly focus on this critical issue.

Ventilator Circuit Management Strategies
Background and Practice Descriptions

Methods of ventilator circuit management may affect
rates of ventilator-associated pneumonia in several ways.
Elimination of contaminated equipment and improved
methods of combating colonization of circuit equipment
could decrease rates of ventilator-associated pneumonia.
Alternatively, decreased manipulation may also reduce in-
cidence. To address these questions, frequent ventilator cir-
cuit changes have been compared with less frequent
changes, standard daily changes in heat and moisture ex-
changers have been compared with changes every 5 days,
and standard heater-humidifier units (which require heated
water for humidification) have been compared with heat
and moisture exchanger filters (which have intrinsic hu-
midification properties).
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Summary of the Evidence

Four randomized trials of less frequent changes in ven-
tilator circuitry have been published (55–58), and their
results have recently been summarized (59). There was no
significant difference in the rate of ventilator-associated
pneumonia in any of these studies (55–58).

One trial has addressed the effect of less frequent
changes in heat and moisture exchangers on the develop-
ment of ventilator-associated pneumonia (60). Patients
were randomly assigned to changes in heat and moisture
exchangers daily or every fifth day. No significant differ-
ence in the rate of ventilator-associated pneumonia was
observed (60).

Five randomized, controlled trials have compared the
efficacy of heat and moisture exchangers and heater-
humidifiers, as well as their effects on risk for ventilator-
associated pneumonia. The results of these trials have re-
cently been summarized (61). Only the largest of these five
trials found a statistically significant reduction in the risk
for ventilator-associated pneumonia with the use of heat
and moisture exchangers (62). There was no effect on mor-
tality (61).

Potential for Harm and Cost

No adverse effects of less frequent changes in ventila-
tor circuits or heat and moisture exchangers were reported.
Two trials reported increased rates of endotracheal tube
occlusion with the use of heat and moisture exchangers
(61). Less frequent equipment changes would be expected
to decrease health care costs. Cost savings of $6 per day per
patient were reported when heat and moisture exchangers
were used instead of heater-humidifiers (62).

Conclusions and Recommendations

Less frequent changes in ventilator circuits and heat
and moisture exchangers do not lead to increased develop-
ment of ventilator-associated pneumonia (grade I and
grade IIa, respectively). Less frequent circuit and humidi-
fier changes are less costly and should therefore be consid-
ered in all mechanically ventilated patients. Given the dis-
cordance between the largest randomized trial comparing
heat and moisture exchangers with heater-humidifiers and
the four smaller trials, a meta-analysis would help to deter-
mine whether heat and moisture exchangers are associated
with lower rates of ventilator-associated pneumonia.

Methods of Enteral Feeding
Background and Practice Description

Critically ill patients receiving enteral feedings often
have substantial gastric volume, which may increase their
risk for gastroesophageal reflux, aspiration, and ventilator-
associated pneumonia. Small-intestinal feeding or the use
of motility agents, such as metoclopramide, may therefore
protect patients against ventilator-associated pneumonia
(63, 64). Gastric colonization by potentially pathogenic

organisms has been shown to increase with decreasing gas-
tric acidity (17). Acidification of enteral feedings may pro-
tect patients against ventilator-associated pneumonia by
decreasing the concentration of potentially pathogenic or-
ganisms aspirated with each aspiration event (65). Inter-
mittent enteral feeding may likewise increase gastric acidity
and reduce the incidence of ventilator-associated pneumo-
nia (66).

Summary of the Evidence

Four recent randomized, controlled trials have evalu-
ated methods of enteral feeding aimed at preventing ven-
tilator-associated pneumonia, each addressing one of the
four issues mentioned earlier: small-intestinal feeding, the
use of metoclopramide, acidification of feeding, and inter-
mittent feeding (63–66). No difference was found in inci-
dence of ventilator-associated pneumonia or mortality with
any of these interventions (63–66).

Potential for Harm and Cost

No adverse events were reported with small-intestinal
feedings or metoclopramide (63, 64). Patients receiving
acidified feedings had higher incidence of acidemia and
gastrointestinal bleeding (65). Intermittent enteral feeding
led to more episodes of increased gastric residual volume
and lower daily volumes of feeding (66).

Conclusions and Recommendations

In the limited number of studies to date, no method of
enteral feeding has been shown to significantly affect the
incidence of ventilator-associated pneumonia. The use of
small-intestinal feeding, metoclopramide, acidification of
feeding, or intermittent feeding is not recommended
(grade IIa). Further investigation of small-intestinal and
intermittent feeding is warranted because only one study
has addressed each approach. Any further investigation of
metoclopramide or acidification of feedings should proceed
cautiously, however, since both of these methods are asso-
ciated with potentially serious adverse effects (64, 65).

SUMMARY OF RECOMMENDATIONS

Table 2 provides a summary of the practices discussed
in this paper, as well as recommendations for their use. To
decrease the incidence of ventilator-associated pneumonia
in critically ill patients, physicians should consider the fol-
lowing interventions: 1) semi-recumbent positioning of all
eligible patients (grade IIa); 2) sucralfate instead of H2-
antagonists for stress ulcer prophylaxis in patients at low to
moderate risk for gastrointestinal bleeding (grade I); 3) as-
piration of subglottic secretions in patients likely to require
more than 3 days of mechanical ventilation (grade IIa); 4)
and oscillating beds in surgical or neurologic patients
(grade I).

Although several articles have described the impact of
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preventive programs on ventilator-associated pneumonia
(67–69), no randomized, controlled study has evaluated
the effects of combining the preventive practices discussed
here. Whether the preventive benefits of these practices
would be additive is therefore unknown. Only through
continued clinical investigation will we determine the best
ways to prevent ventilator-associated pneumonia, thereby
reducing morbidity and mortality in critically ill patients.
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Appendix Table 1. Summary of Studies of Effect of Semi-Recumbent Positioning on Risk for Ventilator-Associated Pneumonia
and Death*

Study, Year
(Reference)

Description Study Design
Level/Outcomes
Level†

Reduction in Pneumonia for
Intervention Compared with
Control Group

Reduction in
Mortality for
Intervention
Compared with
Control Group

Drakulovic et al.,
1999 (14)

Randomized, controlled trial of semi-recumbent
patient positioning in 86 mechanically venti-
lated patients. Primary outcome was VAP.

1/1 OR, 0.16 [0.03–0.67] OR, 0.57 [CI,
0.18–1.80]

Orozco-Levi et
al., 1995 (15)

Two-period crossover trial of semi-recumbent
patient positioning in 15 mechanically venti-
lated patients. Primary outcome was amount
of pulmonary aspiration.

3/2 35% reduction in radioactive
counting measurement com-
pared with supine positioning‡

NA

Torres et al.,
1992 (16)

Randomized two-period crossover trial of semi-
recumbent patient positioning in 15 me-
chanically ventilated patients. Primary out-
come was amount of pulmonary aspiration.

3/2 77% reduction in radioactive
counting measurement com-
pared with supine positioning§

NA

* Values in square brackets are 95% CIs. NA � not available; OR � odds ratio; VAP � ventilator-associated pneumonia.
† See Table 1 for an explanation of the rating scale.
‡ P � 0.01.
§ P � 0.036.
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Appendix Table 2. Summary of Studies of Effect of Stress Ulcer Prophylaxis on Risk for Ventilator-Associated Pneumonia and Death*

Study, Year
(Reference)

Description Study Design
Level/Outcomes
Level†

Pneumonia Point
Estimate‡

Mortality Point
Estimate‡

Messori et al., 2000 (19) Meta-analysis of randomized, con-
trolled trials comparing ranitidine
with placebo, sucralfate with pla-
cebo, and ranitidine with sucralfate
for the prevention of pneumonia in
critically ill patients.

1A/1A Sucralfate vs. ranitidine, 0.74
[0.59–0.94]

NR

Cook et al., 1998 (26) Multicenter randomized, blinded,
placebo-controlled trial of sucralfate
with ranitidine in 1200 critically ill
mechanically ventilated patients. End
points were gastrointestinal bleeding,
VAP, and death.

1/1 Sucralfate vs. ranitidine, 0.82
[0.60–1.11]

Sucralfate vs. ranitidine, 0.96
[0.73–1.27]

Cook et al., 1996 (18) Meta-analysis of 27 randomized trials
of stress ulcer prophylaxis in critically
ill patients. Most patients were me-
chanically ventilated. End points
were gastrointestinal bleeding, pneu-
monia, and death.

1A/1A Sucralfate vs. H2-antagonist,
0.77 [0.60–1.01]

Sucralfate vs. H2–antagonist,
0.73 [0.54–0.97]

Tryba and Cook, 1995 (20) Meta-analysis of 14 randomized trials
of stress ulcer prophylaxis in critically
ill patients.

1A/1A Sucralfate vs. H2-antagonist/
antacid, 0.67 [0.53–0.84]

NR

Cook, 1995 (21) Meta-analysis of 6 (outcome, VAP)
and 7 (outcome, death) randomized
trials of stress ulcer prophylaxis in
critically ill patients.

1A/1A Sucralfate vs. H2-antagonist/
antacid, 0.50 [0.21–0.79]

Sucralfate vs. H2-antagonist,
0.71 [0.49–1.04]; sucralfate
vs. antacid, 0.70 [0.52–0.94]

Tryba, 1991 (22) Meta-analysis of 14 randomized trials
of stress ulcer prophylaxis in critically
ill patients. End points were gastro-
intestinal bleeding and pneumonia.

1A/1A Sucralfate vs. H2-antagonist,
0.50 [0.32–0.78]; sucralfate
vs. antacid, 0.40 [0.24–0.69]

Sucralfate vs. H2-antagonist/
antacid, 0.76 [0.59–0.97]

Tryba, 1991 (23) Meta-analysis of 9 randomized trials of
stress ulcer prophylaxis in critically ill
patients.

1A/1A Sucralfate vs. H2-antagonist/
antacid, 0.30 [0.08–1.04]

Sucralfate vs. H2-antagonist/
antacid, 0.72§

Cook et al., 1991 (24) Meta-analysis of 8 randomized trials of
stress ulcer prophylaxis in critically ill
patients, studying the rate of pneu-
monia with different drug regimens.

1A/1A Sucralfate vs. H2-antagonist/
antacid, 0.55 [0.28–1.06]

NR

* Values in square brackets are 95% CIs. NR � not reported; VAP � ventilator-associated pneumonia.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect odds ratio/relative risk.
§ P � 0.05.

www.annals.org Annals of Internal Medicine Volume • Number E-503



Appendix Table 3. Summary of Studies of Effect of Aspiration of Subglottic Secretions on Risk for Ventilator-Associated Pneumonia
and Death*

Study, Year (Reference) Description Study Design
Level/Outcomes
Level†

Pneumonia
Point Estimate‡

Mortality Point
Estimate‡

Kollef et al., 1999 (32) Randomized trial of 343 patients undergoing
cardiac surgery and requiring mechanical
ventilation.

1/1 0.61 [0.27–1.40] 0.86 [0.30–2.42]

Vallés et al., 1995 (31) Randomized trial of 153 patients requiring
prolonged mechanical ventilation.

1/1 0.47 [0.21–1.06] 1.09 [0.72–1.63]

Mahul et al., 1992 (30) Randomized trial of 145 patients requiring
mechanical ventilation for �3 days.

1/1 0.46 [0.23–0.93] 1.14 [0.62–2.07]

* Values in square brackets are 95% CIs.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect relative risk.

Appendix Table 4. Summary of Studies of Effect of Continuous Oscillation on Risk for Ventilator-Associated Pneumonia and Death*

Study, Year (Reference) Study Description Study Design
Level/Outcomes
Level†

Reduction in
Pneumonia for
Intervention Compared
with Control Group‡

Reduction in
Mortality for
Intervention Compared
with Control Group‡

Traver et al., 1995 (35) Randomized, controlled trial of continuous
oscillation in 103 critically ill medical
and surgical patients (90%
mechanically ventilated). Primary
outcomes included pneumonia.

1/1 0.55 [0.19–1.55] 0.79 [0.31–2.02]

Choi and Nelson, 1992 (33) Meta-analysis of 6 randomized, controlled
trials of continuous oscillation in
critically ill surgical or stroke patients
(most were mechanically ventilated).

1A/1A 0.50§ No significant
difference (data not
reported)

Summer et al., 1989 (34) Randomized, controlled trial of continuous
oscillation in 86 critically ill medical
patients (most were mechanically
ventilated). Primary outcomes included
pneumonia.

1/1 0.53 [0.12–2.25] 0.91 [0.30–2.73]

* Values in square brackets are 95% CIs.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect odds ratio.
§ P � 0.002.
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Appendix Table 5. Summary of Studies of Effect of Selective Digestive Tract Decontamination on Risk for Ventilator-Associated
Pneumonia and Death*

Study, Year (Reference) Description Study Design
Level/Outcomes
Level†

Pneumonia Point Estimate‡ Mortality Point
Estimate‡

Nathens and Marshall, 1999 (39) Meta-analysis of 21 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections. Dual analysis of medical and
surgical patients.

1A/1A Medical patients, 0.45 [0.33–0.62];
surgical patients, 0.19
[0.15–0.26]

Medical patients: overall,
0.91 [0.71–1.18];
topical–IV, 0.75
[0.53–1.06]; topical,
1.14 [0.77–1.68]

Surgical patients: overall,
0.70 [0.52–0.93];
topical–IV, 0.60
[0.41–0.88]; topical,
0.86 [0.51–1.45]

D’Amico et al., 1998 (40) Meta-analysis of 33 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections. Dual analysis of topical and
systemic antibiotics combined and topical
antibiotics alone.

1A/1A Overall, not reported; topical–IV,
0.35 [0.29–0.41]; topical, 0.56
[0.46–0.68]

Overall, 0.88
[0.78–0.98];
topical–IV, 0.80
[0.69–0.93]; topical,
1.01 [0.84–1.22]

Hurley, 1995 (41) Meta-analysis of 26 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections.

1A/1A Overall, 0.35 [0.30–0.42] Overall, 0.86
[0.74–0.99]

Kollef, 1994 (42) Meta-analysis of 16 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections.

1A/1A Overall, 0.28 [0.21–0.38] Overall, 0.90
[0.74–1.10]

Heyland et al., 1994 (43) Meta-analysis of 25 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections.

1A/1A Overall, 0.46 [0.39–0.56];
topical–IV, 0.48 [0.39–0.60];
topical, 0.43 [0.32–0.59]

Overall, 0.87
[0.79–0.97];
topical–IV, 0.81
[0.71–0.95]; topical,
1.00 [0.83–1.19]

Selective Decontamination of the
Digestive Tract Trialists’
Collaborative Group, 1993
(44)

Meta-analysis of 22 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial respiratory tract
infections.

1A/1A Overall, 0.37 [0.31–0.43];
topical–IV, 0.33 [0.27–0.40];
topical, 0.43 [0.33–0.56]

Overall, 0.90
[0.79–1.04];
topical–IV, 0.80
[0.67–0.97]; topical,
1.07 [0.86–1.32]

Vandenbroucke-Grauls and
Vandenbroucke, 1991 (45)

Meta-analysis of 6 randomized, controlled
trials of antibiotic prophylaxis used to
decrease nosocomial infections.

1A/1A Overall, 0.12 [0.08–0.19] Overall, 0.70
[0.45–1.09]

* Values in square brackets are 95% CIs. IV � intravenous.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect odds ratio/relative risk.
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Appendix Table 6. Summary of Studies of Effect of Ventilator Circuit Management Strategies on Risk for Ventilator-Associated
Pneumonia and Death*

Study, Year (Reference) Description Study Design
Level/Outcomes
Level†

Pneumonia Point
Estimate‡

Mortality Point
Estimate‡

Decreased frequency of ventilator
circuit changes
Mermel et al., 1994 (58) Randomized trial comparing weekly

ventilator circuit changes with
changes every other day.

1/1 0.29§ NR

Kollef et al., 1995 (56) Randomized trial comparing weekly
with no scheduled ventilator
circuit changes

1/1 0.84§ NR

Long et al., 1996 (57) Randomized trial comparing weekly
ventilator circuit changes with
changes every other day.

1/1 0.85§ NR

Dreyfuss et al., 1991 (55) Randomized trial comparing weekly
with no scheduled ventilator
circuit changes.

1/1 0.91§ NR

Decreased frequency of heat and
moisture exchanger changes
Davis et al., 2000 (60) Randomized, controlled trial

comparing heat and moisture
exchanger changes every 5 days
with changes every other day.

1/1 0.83§ NR

Heat and moisture exchanger vs.
heater-humidifier
Cook et al., 1998 (61) Systematic review of five published

trials comparing heat and
moisture exchangers with
heater-humidifiers

1A/1A 1 study, 0.41 [0.20–0.86];
4 studies, 0.34, 0.66,
0.68, 0.86§

1 study, NR; 4
studies, ND

* Values in square brackets are 95% CIs. ND � no difference; NR � not reported.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect relative risk.
§ P � 0.05.

Appendix Table 7. Summary of Studies of Effect of Methods of Enteral Feeding on Risk for Ventilator-Associated Pneumonia
and Death*

Study, Year (Reference) Description Study Design
Level/Outcomes
Level†

Pneumonia
Point Estimate‡

Mortality Point
Estimate‡

Small-intestinal feeding
Kearns et al., 2000 (63) Randomized, controlled trial of

small-intestinal vs. gastric
feeding in 44 mechanically
ventilated patients.

1/1 1.46 [0.37–5.78] 0.91 [0.33–2.55]

Metoclopramide
Yavagal et al., 2000 (64) Randomized, controlled trial of

metoclopramide in 305
critically ill patients
(approximately 50% were
mechanically ventilated).

1/1 1.22 [0.72–2.07] 1.05 [0.86–1.30]

Acidification of enteral feeding
Heyland et al., 1999 (65) Randomized, controlled trial of

acidified enteral feeding in
95 mechanically ventilated
patients.

1/1 0.40 [0.11–1.46] 2.01 [0.90–4.49]

Intermittent enteral feeding
Bonten et al., 1996 (66) Randomized, controlled trial of

intermittent vs. continuous
enteral feeding in 60
mechanically ventilated
patients.

1/1 1.67 [0.44–6.36] 3.50 [0.79–15.5]

* Values in square brackets are 95% CIs.
† See Table 1 for an explanation of the rating scale.
‡ Point estimates reflect relative risk.
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