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Ventilator-associated pneumonia (VAP) is a subset of hospital-acquired

pneumonias and is a serious, sometimes fatal, complication in patients who

need mechanical ventilation. In addition, pay-for-performance initiative has

placed increased emphasis on preventing nosocomial infections including

VAP. Facilities may not be reimbursed for costs associated with prevalence

infections. This article presents a review and meta-analysis of the

prevention of VAP through the aspiration of subglottic secretion.
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Critically ill patients are particularly prone to infections
either because of their illness, comorbidities, or invasive
devices/procedure associated with their critical manage-
ment. Ventilator-associated pneumonia (VAP) is the most
common nosocomial infection in critically ill patients1

and the second most common hospital infection.1 Pay-
for-performance initiatives have placed increased empha-
sis on preventing nosocomial infections including VAP.2,3

The Pathogenesis of VAP
Ventilator-associated pneumonia is a subset of hospital-
acquired pneumonias.4 The Centers for Disease Control
and Prevention’s National Healthcare Safety Network
defines VAP as a pneumonia that develops in patients

who are intubated and ventilated at the time of or who
develop a pneumonia within 48 hours of discontinua-
tion of mechanical ventilation (MV).5 However, some
definitions consider VAP pneumonia to be a pneumonia
that develops after 48 hours of mechanical ventilator
with pneumonias developing prior to 48 hours to be
either a preexisting pneumonia or the result of aspira-
tion during intubation. Ventilator-associated pneumonias
are further classified as being either early onset or late
onset. Early-onset pneumonias that develop within the
first 4 days are often caused by organisms such as
Moraxella catarrhalis, Haemophilus, and Staphylococcus
pneumoniae. Late-onset pneumonias are caused by agents
such as gram-negative bacilli, Staphylococcus aureus,
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methicilin-resistant S aureus, and viruses such as influ-
enza A, influenza B, legionnellae, yeasts, and fungi.5

Patients who require MV are either intubated with
an endotracheal tube (ETT) or ventilated through place-
ment of a tracheostomy. The longer a patient is intu-
bated, the greater the likelihood of developing VAP.6

Also, later-developing VAPs are more likely to be caused
by antibiotic resistant organisms. Ventilator-associated
pneumonia increases costs to payors and the health care
system as a whole through increased lengths of stay in
high-cost intensive care units (ICUs), increased length of
hospital stay, and additional costs of antibiotic therapy.7-10

Ventilator-associated pneumonia is a preventable com-
plication of MV and is also associated with increased
mortality and morbidity. Pneumonia rates are 6 to 21
times higher in patients receiving MV, and the risk in-
creases by as much as 1% per ventilator day.

Several mechanisms have been cited as causative
factors in the pathogenesis of bacterial pneumonia.11,12

They include bacteremia, gastrointestinal colonization,
inhalation of pathogens from the environment, and in-
troduction of pathogens from the environment such as
through suctioning, MV, or colonization of the oral cav-
ity with VAP-associated pathogens.13-15

Although a frequently cited complication ofMV, VAP
is not inevitable.16,17 As national focus has highlighted the
significance of this problem,18 a barrage of interventions has
been proposed in consensus standards, national campaigns,
and in the literature.19-26 It is important to continually
analyze existing science underlying these recommenda-
tions so that beneficial interventions may be implemented
and the need for further studies may be highlighted.

Subglottic Secretion Drainage
The cuff of an ETT serves several purposes. It helps
secure the tube in the correct location, helps in the de-
livery of appropriate tidal volumes, and aids in the pre-
vention of aspiration of secretions from either the oral
cavity and/or the stomach. However, over time, secre-
tions can accumulate above the endotracheal cuff, and
aspiration into the lungs can occur if these fluids remain
in place.27,28 Contamination of the lower respiratory
tract by these secretions can cause VAP.

Aspiration or drainage of subglottic secretions is
available through a specialized ETT, which has an ad-
ditional lumen above the cuff. This lumen can be con-
nected to either continuous or intermittent suction.
Manufacturers recommended suction rates that vary
from j20 mm Hg to around j100 to j150 mm Hg
(Mallinckrodt and Nelcor, both in St Louis, Missouri).

Objective of the Review
The objective of this review was to examine the effective-
ness of subglottic secretion aspiration in reducing the oc-

currence of VAP. The sub-objectives of this review were
(1) reduction in VAP rates, (2) duration of MV, (3) mor-
tality, (4) length of stay, and (5) length of hospital stay.

METHODS

Criteria for Considering Studies for Review
Original studies were included in this review if they fo-
cused on subglottic secretion drainage (SSD) and met the
following criteria: (1) utilized a prospective design; (2)
sampled human subjects, and (3) had a control group.
Ultimately, other systematic reviews were identified and
included in the discussion of this systematic review.

Types of Participants
Participants who served as the focus of this review were
human subjects hospitalized in an ICU who were in-
tubated and receiving MV.

Types of Interventions
Subglottic secretion drainage comprised the intervention
of interest. Studies were included that implemented either
intermittent or continuous SSD.

Subglottic secretion drainage
comprises the intervention

of interest.

Types of Outcome Measures
Dichotomous outcomes included (1) the presence or ab-
sence of ventilator pneumonia and (2) mortality. Con-
tinuous outcomes included (1) incidence of VAP per
1000 ventilator days, (2) days to onset of VAP, (3)
duration of MV, (4) length of ICU stay, and (5) length
of hospital stay.

Search Strategy for Identification of Studies
Medline (OVID and PubMed) 1448 to March week 1
2011; EMBASE 1980 to 2011 week 16; Medline in-
process and other nonindexed citations April 26, 2100;
Cochrane Database of Systematic Reviews 2005 to
March 2011; EBM ReviewsVACP Journal Club 1991
to March 2011; OVID Nursing; Dissertation Abstracts;
BMJ Clinical Evidence; and CINAHL 1981 to April
2011 databases were utilized to locate relevant abstracts
for review. Search terms for the outcome variables in-
cluded (1) pneumonia (prevention and outcome variables),
(2) ventilator-associated pneumonia, and (3) pneumonia,
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ventilator-associated. Search terms for the intervention
included (1) intracheal intubation, (2) endotracheal in-
tubation, (3) endotracheal cuff, (4) endotracheal tube, (5)
subglottic, and (6) glottis. Searches were then performed
using both ‘‘key word’’ searches and also mapping to
MeSH (Medical Subject Headings) subject headings.
Searches were combined using the Boolean operator
‘‘and’’ and then limited to clinical trials and humans. As
studies were retrieved, reference lists were reviewed, and
possible relevant studies obtained for review of either
the abstract or full review of the article. After variables
of interest were combined and limits applied, 259 articles
were selected for abstract review. From this list, 38 articles
were selected for full review.

Web of Science Citations was searched for articles
that had cited the studies listed in Table 1. The most
frequently cited studies and representative number of
studies were Valles et al40 (254), Mahul et al37 (157), and
Kollef32 (108). Abstracts of the 688 articles that cited
studies listed in Table 1 were also reviewed for inclusion
in this review.

Sixteen articles, which included original studies (n =
12) and reviews (n = 4), were included in this systematic
review. Three studies were written in Chinese and were
translated by S.H.L., a doctorally prepared nurse with a
critical care background and experience conducting sys-
tematic reviews.

Data Collection and Analysis

SELECTION OF STUDIES
Two authors independently searched the literature to lo-
cate studies. Studies were included if they examined SSD.

DATA EXTRACTION AND MANAGEMENT
Two reviewers independently extracted data pertaining
to outcome variables with no difference in data extrac-
tion noted.

Two reviewers independently appraised the
studies and extracted data pertaining

to outcome variables.

ASSESSMENT OF METHODOLOGY
Two reviewers (A.R.L. and J.S.) independently assessed
studies for methodologic quality using a standardized
checklist. When reviewing studies, we addressed repre-
sentativeness of the sample. It was considered desirable
when investigators recruited subjects sequentially and

also provided data that reflected how subjects were sim-
ilar or different from the accessible population. As VAP
prevention practices have changed throughout the last
decade and because the development of science has oc-
curred in an international setting, we reviewed the de-
scription of clinical care in order to clearly identify and
describe the standard of care for this patient group.43-45

Specifically, we looked for standard care measures such
as head-of-bed elevation, routine oral care protocols,
use of a standardized weaning protocol, maintenance of
endotracheal cuff pressure between 20 and 25 cm H2O
or 20 and 30 cm H2O,46,47 and stress ulcer prophylaxis.48

In an ideal world, each study would have used the same
criteria for screening for the suspicion of and then con-
firming the presence of VAP.49 However, the interna-
tional settings utilized similar but different criteria; we
included only the randomized studies that used a pro-
spectively identified criteria and that utilized prospec-
tively identified standardized screening and diagnostic
tools that were uniformly applied to both the experi-
mental and control groups.50-52

Across studies, 3 components were utilized in es-
tablishing the diagnosis of VAP. The first component
addressed systemic signs of infection such as fever, tachy-
cardia, and leukocytosis. The second component ad-
dressed chest x-rays, whereas the third component
examined bacteriologic evidence of pulmonary infection
based on culture results.53,54 When reviewing studies, we
looked for the use of standardized criteria in determin-
ing suspicion of VAP. Serial x-rays were preferred to a
single x-ray, and it was preferable if the radiologist was
blinded to group assignment when evaluating the x-rays.49

Although tracheal secretions are easily obtained
through endotracheal suctioning, the results often are
contaminated by upper respiratory tract pathogens.
Bronchoalveolar lavage or protected brush specimen with
either calibrated loop or serial dilution techniques for
microbiologic evaluation was considered to be the most
desirable measures for confirmation of VAP.55,56 Al-
though the visibility of the specialized ETT made it im-
possible to blind investigators and clinicians to group
assignment, we did evaluate whether the radiologists
who read chest x-rays and the microbiologists who an-
alyzed the laboratory specimens were blinded to group
assignment.

Disagreements regarding study quality were resolved
through discussion or through consultation with a third
party. In an attempt to avoid either a too restrictive or
too lenient approach to inclusion in this systematic re-
view, we reviewed and abstracted data from each study
prior to discussing the results (Tables 1 and 2). Agreement
among the review group was reached in determining
which studies to include in the final review.
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EXCLUDED STUDIES
The study by Girou and colleagues31 was excluded be-
cause patients were randomized to either semirecumbent
position and continuous SSD or prone position and
standard ETT. Because the influence of head-of-bed
elevation could not be separated from the effectiveness
of SSD in reducing VAP, this study was excluded from
the meta-analysis of pooled results.

Liu and colleagues34 utilized SSD as one of a 3-part
‘‘bundle’’ of interventions, which was compared with

standard care that included a standard ETT. Because of
the intervention with a bundle rather than a direct
causal comparison between an ETT that did and did
not use SSD, this study was not included in the meta-
analysis of findings.

Pneumatikos and colleagues38 intubated patients
with an ETT capable of SSD (Hi-Lo Evac, Boulder,
Colorado; Mallinckrodt, St Louis, Missouri). The con-
tinuous infusion of a suspension of polymyxin, tobra-
mycin, and amphotericin B. The control group received

TABLE 2 ICU Impact of Subglottic Secretion Drainage on Ventilator-Associated Pneumonia Outcomes

Study

Sample

Size (n) VAP Mortality

Incidence

of VAP

per 1000

Ventilator Days

Days to

Onset of VAP

Mean

Duration

of MV

Length of

ICU Stay

Length of

Hospital Stay

Bo et al29 SSD, 35 8 14.8 T 8

Control, 33 15 6.4 T 4

Bouza et al30 SSD, 45 12 20 31.5

Control, 40 19 21 51.6

Girou et al31 SSD, 8 5

Control, 10 6

Kollef et al32 SSD, 160 8 6 34.3 5.6 T 2.3 1.5 T 3.3 3.7 T 4.6 11 T 11.2

Control, 183 13 8 43.2 2.9 T 1.2 1.9 T 5.1 3.2 T 4.5 12.4 T 14.2

Lacherade et al33 SSD, 169 25 80 17.0 10.5 T 11.12

Control, 164 42 84 34.0 7.2 T 5.30

Liu et al34 SSD, 41 4

Control, 45 9

Lorente et al36 SSD, 140 11 26 7.5 10.5 T 11.12 10.5 T 15.91 14.1 T 17.91

Control, 140 31 32 19.9 7.2 T 5.3 11.0 T 15.19 15.5 T 19.93

Mahul et al37 SSD, 70 9 11 16.2 T 11

Control, 75 21 16 8.3 T 5

Pneumatikos et al38 SSD, 31 5 5 12.4

Control, 30 16 7 36.44

Smulders et al39 SSD, 49 2 9 6.4 7.9 T 9.7 11.9 T 8.8 32.1 T 25.1

Control, 56 10 10 21.3 7.1 T 3.4 14.2 T 11.1 32.8 T 31.6

Valles et al40 SSD, 76 14 30 19.6 12 T 7.1 11 T 1 19 T 4

Control, 77 25 28 39.6 5.9 T 2.1 13 T 1 22 T 2

Yang et al41 SSD, 48 12 32 7.3 T 4.2 8.1 T 7.5

Control, 43 20 29 5.1 T 3.0 8.4 T 6.0

Zheng et al42 SSD, 30 9 8 6.5 T 1.3 7.9 T 2.5 9.3 T 2.9

Control, 31 16 12 5.5 T 0.6 10.4 T 0.9 12.3 T 5.7

Abbreviations: ICU, intensive care unit; MV, mechanical ventilation; SSD, subglottic secretion drainage; VAP, ventilator-associated pneumonia.
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a continuous infusion of a placebo. Because this study
focused on the decontamination of the subglottic area
rather than the SSD, this study was excluded.

RESULTS
The summary and appraisal of studies are presented in
Table 1. Table 2 contains summary data of the outcomes
variables. The pooled analyses across studies are graphi-
cally represented in Tables 3 to 8. The center vertical line
indicates that the estimated effects are the same for both
the interventions and control groups and is often called
the line of no difference. Values to the left of the center line
favor SSD and those to the right favor the control. The
diamond on the lower aspect of the graph near the
horizontal line represents pooled values.57

The Effectiveness of Subglottic Secretion
Aspiration in Reducing VAP Rates
Across the studies, there were 848 cases in the ex-
perimental group and 861 in the controlled group. The
pooled results examining the effectiveness of SSD in re-
ducing the incidence of VAP demonstrated a 52% reduc-
tion (risk ratio, 0.52; 95% confidence interval, 0.43-0.64)
in rates (Table 3).58

The Effectiveness of Subglottic Secretion
Aspiration in Reducing the Duration of MV
Both Bouza and colleagues30 and Lacherade and col-
leagues33 reported median rather than days’ duration of
mechanical ventilation. Median durations of ventilation
rates in the experimental groups were 3 and 8 days, and

TABLE 3 Effectiveness of Subglottic Drainage on Reducing the Incidence of
Ventilator-Associated Pneumonia
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those for the control group were 7 and 7 days, respec-
tively. When pooled, the results across studies that ex-
amined the impact of subglottic secretion drainage on
days of mechanical ventilation were #2 = 14.73, df = 5
(P G .01), I2 = 66% (Table 6). An assumption of a
systematic review is that the effect of the treatment be-
ing studied across patients is the same. This can be

examined visually when all studies consistently demon-
strate similar findings (favors either treatment or con-
trol). Consistency of treatment effect can also be examined
by tests of heterogeneity with a low P value, indicating dif-
ferences in underlying effects across studies. Thus, the
P G .0001 would indicate the need for caution in inter-
preting the findings. The I2 statistic is an estimate of

TABLE 5 Effectiveness of Subglottic Drainage on Increasing Days of Ventilator-Associated Pneumonia

TABLE 4 Effect of Subglottic Drainage on Mortality Rates
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variability across studies, with an I2 greater than 0.5
indicating large variability. In this study, the I2 of 66%
precludes confidence in the pooled analysis of study find-

ings because of high levels of heterogeneity across studies.
When the study by Kollef et al32 was removed, the I2

dropped to 0 with z = 13.29, P G .00001, indicating a

TABLE 6 Effectiveness of Subglottic Drainage on Duration of Mechanical Ventilation

TABLE 7 Effectiveness of Subglottic Drainage on Length of Intensive Care Unit Stay
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shorter duration of mechanical ventilation by a mean of
1.99 days in the group who received subglottic secretion
drainage.

An assumption of a systematic review is that
the effect of the treatment being studied

across patients is the same.

The Effectiveness of Subglottic Secretion
Aspiration in Reducing Mortality
Eight hundred thirteen intervention cases and 828 con-
trol cases were pooled to examine the impact on mortality.
Across studies the tests of heterogeneity were #2 = 2.76,
df = 8 (P = .95), I2 = 0. The overall effect was z = 1.13 (P =
.26), risk ratio = 0.93 (confidence interval, 0.81-1.06),
indicating no significant difference in mortality rates be-
tween patients who did and did not receive subglottic
secretion drainage (Table 4).

The Effectiveness of Subglottic Secretion
Aspiration in Reducing the Length of ICU Stay
Tests for heterogeneity were #2 = 29.22; df = 4, P = .0001,
I2 = 0.86, demonstrating that significant heterogeneity
across studies would impact the reliability of pooled
analysis. The test for overall effect was z = 4.82 (P G .01)
(Table 7). When the study by Kollef and colleagues32

was removed, the I2 = 0 with z = 7.14, P G .00001, which
indicated adequate homogeneity for pooling of study re-
sults. The mean length of ICU stay was 2.95 days shorter
than that in the group that received subglottic drainage.

The Effectiveness of Subglottic Secretion
Aspiration in Increasing Days to Onset of VAP
When the studies were pooled, analysis demonstrated signif-
icantly delayed onset of developing VAP in the SSD group.
However, pooled tests of heterogeneity indicated significant
variability across studies.34 Consistency of treatment ef-
fect can be examined by tests of heterogeneity with a low
P value, indicating differences in underlying effects across
studies. Thus, P G .0001 would indicate differences in

underlying-effect studies and require caution in interpret-
ing the results. The I2 statistic is an estimate of variability
across studies with an I2 precluding confidence in the pooled
analysis of the findings because of high levels of heterogene-
ity across studies. Even though there was a statistically
significant difference between the 2 groups, heterogeneity
across studies would prohibit confidence in pooled findings.
Even though there was a statistically significant difference
between the 2 groups in the study of Kollef and colleagues32

included in the analysis (Table 5), heterogeneity across
studies would prohibit confidence in the pooled findings.

The Effectiveness of Subglottic Secretion
Aspiration in Reducing the Length of
Hospital Stay
The tests for heterogeneity were #2 0.00, df = 1, P = .98,
I2 = 0, indicating the results could be pooled. Test for
overall effect z = 1.08, P = .28 (Table 8). The results of the
analysis indicate no significant difference in length of
hospital stay between the treatment and control groups.

Benefits and Harms
Although there were reports of airway complications attri-
buted to intervention with an ETT that included SSD, compli-
cation rates were not routinely reported across studies. Types
and rates of complications when intubated with any type of
ETT could be used as an outcome variable in future studies.59

Potential Bias in the Review
As no efforts were made to locate either studies with neg-
ative results or unpublished studies, this systematic review
may be at risk of publication bias.60 The older studies were
more likely to use intermittent SSD, whereas more recent
studies utilized continuous aspiration, which is congruent
with the manufacturer’s recommendations. We included
studies that utilized both intermittent and continuous SSD.
As our expertise in the use of technology increases,
recommendations for device use may change over time.

Consideration for Future Studies
Standard practices in the care of the critically ill change
rapidly. It was most helpful when investigators included
a description of standard-care practices for both groups
whether it was the presence of a heeding tube, head-of-bed

TABLE 8 Effectiveness of Subglottic Drainage on Length of Hospital Stay
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elevation, or ETT cuff pressure and monitoring. The
CONSORT guidelines provide a helpful framework for
standardizing the information collected and reported in
clinical studies.61

Although the ‘‘bundled’’ approach to reducing infec-
tions has been nationally embraced, there is still a need
for randomized trials that examine the effectiveness of
individual interventions.62 By varying a single interven-
tion at a time, causal relationships can be established.
An ETT with SSD could be compared with ETTs with
an ultrathin cuff membrane.63 Investigators can contrib-
ute to the body of critical care knowledge by examin-
ing the effectiveness of this device as well as comparing
ETTs with SSD to silver-coated ETTs while using con-
sistent methods of screening in verifying the presence
of VAP. The need at this time is to examine which of
the specialized tubes is most effective in method com-
parison studies rather than to compare specialized ETTs
to standard tubes.64-66 In addition, there is the continuing
need for systematic reviews focusing on an economic anal-
ysis of the cost and benefits of the various types of spe-
cialized ETTs used in the care of the critically ill patient.

DISCUSSION
The goal of this study was to examine the effectiveness
of subglottic secretion aspiration in reducing the occur-
rence of VAP. The findings of this systematic review
demonstrated a 50% reduction in VAP rates when an
ETT with SSD was compared with an ETT without SSD.
Across studies, subjects in the experimental group did
experience a shorter duration of MV by approximately
2 days compared with control subjects.

Subglottic secretion drainage did not have a significant
impact on mortality rates. Individuals requiring MV have
underlying medical conditions, which may have a greater
impact on mortality rates than the more subtle impact of
the use of an ETT with the capabilities for SSD. Several
investigators have established the positive relationship
of VAP and mortality rates, which may well have a
more direct causal relationship than the use of an ETT
that facilitates removal of subglottic secretions.

Critically ill patients who received subglottic drain-
age were in the ICU at an average of 3 days less that
those who did not. This is likely related to the fact that
they were extubated an average of 2 days sooner. Thus,
transfer from the ICU was likely linked to extubation.
There was no difference in hospital length of stay. Crit-
ically ill patients who require MV represent the ‘‘sicker of
the sick’’ among critically ill patients. It is likely that this
underlying illness has greater impact on length of ICU
stay than the type of ETT used is a more subtle cofactor.
Thus, a larger sample would be needed for this smaller
effect size as the impact is likely more subtle.

CONCLUSION
The results of this systematic review support level 1
recommendation58 for use of ETTs with SSD for re-
ducing the incidence of VAP.
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