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Intermittent Suction of Oral Secretions Before
Each Positional Change may Reduce
Ventilator-Associated Pneumonia: A Pilot Study

HUI-HWA TSAI, RN, MSN; FANG-CHI LIN, MD, PHD; SHI-CHUAN CHANG, MD, PHD

ABSTRACT: Background: That ventilator-associated
pneumonia (VAP) can be reduced by continuous and/or
intermittent subglottic suction highlights the importance of
clearance of oropharyngeal secretions. We prospectively
evaluated the usefulness of intermittent suction of oral
secretions before each positional change in reducing VAP.
Methods: A time-sequence nonrandomized intervention
design was used. The study consisted of a 9-month
observation phase (control group, 237 patients), a
6-month education phase, followed by a 7-month inter-
vention phase (studied group, 227 patients). The occur-
rence of VAP, duration of mechanical ventilation, length
of intensive care unit (ICU) stay, and mortality were
recorded. Results: VAP occurred less frequently in the
studied group (6 of 227 patients, 2.6%) than in the
control group (26 of 237 patients, 11.0%; P � 0.001).

The incidence rate of VAP in control and studied groups
was 6.51 and 2.04 per 1000 ventilator days, respectively
(P � 0.002). For VAP patients, the ventilator days were
28.8 � 17.2 days and 20.2 � 4.0 days (P � 0.009),
respectively, and the length of ICU stay was 27.6 � 17.0
days and 20.3 � 4.0 days (P � 0.012), respectively, in
the control and studied groups. Intermittent suction of
oral secretions before each positional change was the
only independent factor responsible for a decrease of
VAP in the studied group after stepwise logistic regres-
sion analysis (P � 0.003). Conclusions: Intermittent suc-
tion of oral secretions before each positional change may
reduce VAP occurrence in ICU patients. KEY INDEXING
TERMS: Critical care; Mechanical ventilation; Oral secre-
tions; Pneumonia; Ventilator-associated pneumonia. [Am
J Med Sci 2008;336(5):397–401.]

Ventilator-associated pneumonia (VAP) is a com-
mon nosocomial infection. The data from the

National Nosocomial Infection Surveillance System
indicated that VAP was the second most nosocomial
infection, after urinary tract infection, affecting ap-
proximately 27% of all critical patients.1 In Europe,
VAP and low respiratory tract infection accounted
for 65% of all infections in the European Prevalence
of Infection in Intensive Care Study.2 With the ad-
vances of improved diagnosis, treatment and pre-
vention, VAP remains a significant cause of mortal-
ity.3 In addition, VAP is associated with increased
morbidity and prolongs the duration of mechanical
ventilation and the length of intensive care unit

(ICU) stay and hospitalization, all of which impact
medical resources and finances.4–6 It is estimated
that a single VAP episode prolongs the duration of
hospital stay by 6 to 30 days or even longer, and
incurs additional medical expenses ranging from
5,000 to 40,000 U.S. dollars per patient.6,7 Accord-
ingly, effective prevention of VAP can be a life-
saving and cost-effective measure.

Bacterial colonization of the aerodigestive tract
and aspiration of contaminated secretions into the
lower airways seem to be the 2 essential processes in
the pathogenesis of VAP.3,4,8 Continuous or inter-
mittent subglottic suction proves useful in reducing
VAP in particular in early-onset VAP.9,10 Because
pooled secretions above inflated endotracheal tube
cuff is thought as a major source of aspiration.11

These findings highlight that adequate clearance of
oral secretions may be of value in reducing the
occurrence of VAP.

Our hypothesis is that intermittent suction of oral
secretions before each positional change may de-
crease the oral secretions pooling above the endotra-
cheal tube cuff and aspiration of contaminated se-
cretions, and consequently reduce the occurrence of
VAP. The study was conducted prospectively in a
combined medical and surgical ICU.
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Methods

Patients and Study Setting

From January 2004 to October 2005, consecutive patients with
an age of 18 years or over admitted to the combined medical and
surgical ICU were potentially eligible for this study at Taipei
Veterans General Hospital. The patients who had pneumonia,
tracheostomy or endotracheal intubation, and mechanical venti-
lation �72 hours before ICU admission, those with endotracheal
intubation and mechanical ventilation or admission �48 hours in
ICU, and those without endotracheal intubation and mechanical
ventilation in ICU were excluded.

The study consisted of a 9-month observation phase, a 6-month
education phase, followed by a 7-month intervention phase. From
January to September 2004, 237 patients who fulfilled the pa-
tient selection criteria were classified into control group (Figure
1A). From October 2004 to March 2005, all nursing staffs in ICU
were informed why the study would be done, how the staffs would
execute the intervention, and why the compliance of the inter-
vention would be maintained high enough. Change of body posi-
tion every 2 hours except for routine mouth care in the early
morning was the routine nursing protocols in our ICU. The
intervention was suction of oral secretions before each positional
change. Other suction of oral secretions was allowed if clinically
indicated. The suction of oral secretions was performed to clear
the oral secretions as completely as possible and the suction tube
was not extended into the oropharyngeal space. Accordingly, the
patients in the studied group received additional 11 times of
suction of oral secretions. The compliance of intermittent suction
of oral secretions was monitored by self-report and checked ran-
domly by senior staff during the education phase. The interven-
tion phase of the study was started from April 2005, because the
compliance of the intervention was �8/11 times in every staff.
From April to October 2005, there were 227 patients who met the
selection criteria were classified into studied group (Figure 1B).
The institute review board of Taipei Veterans General Hospital
approved this study, and a written informed consent was ob-
tained from all patients or patients’ next of kin before the study.

During the period of intervention phase, the nursing staffs
were reminded everyday to execute the intervention precisely and
monitored closely by the senior staffs. The intervention was
started when the patient admitted to the ICU, and was ended in
case of 10 days after ICU admission, extubation, performance of
tracheostomy or death in ICU, or discharged from ICU.

Semirecumbent position with head elevation of 30° or greater
was part of nursing care protocols in our ICU except for those
with contraindications. The only difference in nursing care pro-
tocols between control and studied groups was the intervention—
suction of oral secretions before each positional change.

Data Collection and Definition

The following data were recorded: demographic data, primary
reason for ICU admission, acute physiology and chronic health
evaluation II score, occurrence of infection during hospitalization,
use of antibiotics, and reported risk factors for VAP.3,4 Outcome
measures included occurrence and incidence rate of VAP, dura-
tion of mechanical ventilation, length of ICU stay, and mortality.

VAP was diagnosed based on the presence of new and/or progres-
sive pulmonary infiltrates on chest radiographs plus 2 or more of the
following criteria: fever (body temperature �38.3°C) or hypothermia
(body temperature �36°C), leukocytosis (�12 � 109/L), purulent
tracheobronchial secretions, and Pao2/Fio2 �250 mm Hg in the last
48 hours in accordance with the definitions of the Centers for
Disease Control and Prevention.12

Statistical Analysis

Continuous variables were expressed as mean � standard
deviation. Statistical comparisons between 2 independent groups
were performed by using Student t test or Mann–Whitney U test
when appropriate. Comparisons of category data between the 2
groups were made using the �2 test. All statistical tests were

two-tailed. The independent factors for reducing VAP were as-
sessed by stepwise logistic regression analysis. Significance was
defined as P � 0.05. Statistical analysis was performed using
SPSS version 13.0 (SPSS, Chicago, IL).

Results

In this study, there were 237 patients in the con-
trol group and 227 patients in the studied group.

Figure 1. Flow diagram of patients in the control (A) and
studied (B) groups. ICU, intensive care unit; EI, endotracheal
intubation; MV, mechanical ventilation; VAP, ventilator-associated
pneumonia.
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The demographic and clinical data between control
and studied groups are summarized in Table 1.
There were no significant differences between the 2
groups except for more surgical patients were en-
rolled in the control group.

VAP occurred less frequently in the studied group
(6 of 227, 2.6%) than in the control group (26 of 237,
11.0%; P � 0.001) (Table 2). Similarly, the incidence
rate of VAP was significantly lower in the studied
than in the control groups (2.04 versus 6.51 per 1000

ventilator days, P � 0.002). The onset of VAP ranged
from 3 to 7 days with a median of 4 days in the
control group and 4 to 7 days with a median of 5 days
in the studied group. Of note, the duration of me-
chanical ventilator was significantly reduced in the
studied group. The length of ICU stay also decreased
in the studied group, however, the difference did not
reach statistic significance.

To determine the independent factors responsible
for the reduction of VAP in the studied group, the
variables with a P value �0.1 listed in Table 1 and
the intervention, intermittent suction of oral secre-
tions before each positional change were analyzed.
After stepwise logistic regression analysis, intermit-
tent suction of oral secretions before each positional
change was the only independent factor for the re-
duction of VAP (OR � 0.250, 95% CI � 0.101–0.624,
P � 0.003).

Comparisons of demographic and clinical data of
VAP patients between the control and studied
groups are shown in Table 3. Compared with control
group, the duration of mechanical ventilation and
the length of ICU stay were significantly reduced in
the studied group.

The potential pathogens of VAP yielded from cul-
tures of endotracheal aspirates in control and stud-
ied groups are shown in Table 4. No growth was
found in 1 of 26 cases in the control group and in 2 of
6 in the studied group. The microorganisms yielded
from the culture of endotracheal aspirates from VAP
patients in this study were those appeared to be the
pathogens of late-onset VAP, although none of VAP
occurred 7 days after endotracheal intubation and
mechanical ventilation.

Discussion

The preliminary results indicated that intermit-
tent suction of oral secretions before each positional
change might significantly reduce VAP occurrence
and incidence in ICU patients and the intervention
was the only independent factor for the decrease of
VAP. In addition, the duration of mechanical venti-
lation and the length of ICU stay of VAP patients

Table 1. Demographic and Clinical Data between Control and
Studied Groupsa

Control
Group,

N � 237

Studied
Group,

N � 227 P

Age, year 68.1 � 16.7 68.2 � 16.2 0.913
Gender, M/F 170/67 153/74 0.311
ICU ward, medical/surgical 85/152 107/120 0.014
Smoking, yes/no 123/114 110/117 0.516
Admission diagnosis
Operation

Upper abdomen 110 89 0.117
Lower abdomen 12 7 0.279
Others 13 13 0.910

Acute respiratory failure 14 17 0.495
Cardiovascular diseases 15 12 0.631
Sepsis 10 14 0.404
Renal diseases 8 12 0.310
Liver diseases 8 11 0.424
UGI bleeding 8 9 0.736
CNS diseases 15 16 0.756
Others 24 27 0.543
Risk factors for VAP

COPD 15 8 0.201
DM 32 40 0.249
APACHE II score 28.5 � 5.9 28.1 � 6.6 0.353
Antacid/H2 blockers 56 40 0.136
Aerosol therapy 34 24 0.372
Corticosteroid 43 51 0.251
Sedation 57 46 0.372

a Data of mean � SD or case number are given.
ICU indicates intensive care unit; UGI, upper gastrointestinal;
CNS, central nervous system; VAP, ventilator-associated pneu-
monia; COPD, chronic obstructive pulmonary disease; DM,
diabetes mellitus; APACHE, acute physiology and chronic
health evaluation.

Table 2. Clinical Outcome between Control and Studied
Groupsa

Control Group,
N � 237

Studied Group,
N � 227 P

Occurrence of VAP 26 6 �0.001
Ventilator day 19.0 � 15.5 14.5 � 11.8 0.004
ICU stay, day 18.2 � 16.0 14.4 � 11.8 0.057
Hospital stay, day 58.1 � 58.8 58.7 � 48.0 0.675
Mortality 51 40 0.290

a Data of mean � SD or case number are given.
VAP indicates ventilator-associated pneumonia; ICU, intensive
care unit.

Table 3. Comparisons of Patients with Ventilator-Associated
Pneumonia between Control and Studied Groupsa

Control Group,
N � 26

Studied Group,
N � 6 P

Age, years 73.2 � 19.2 57.3 � 26.5 0.337
Gender, M/F 21/5 5/1 0.883
Ventilator day 28.8 � 17.2 20.2 � 4.0 0.009
ICU stay, day 27.6 � 17.0 20.3 � 4.0 0.012
Hospital stay, day 51.0 � 34.8 60.5 � 42.5 0.558
Mortality 13 1 0.121

a Data of mean � SD or case number are given.
ICU indicates intensive care unit.

Tsai et al

399THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES



were significantly reduced in the studied group.
These findings suggest that intermittent suction of
oral secretions before each positional change may be
an attractive prevention measure of VAP.

There is a firm body of evidence that oropharyngeal
colonization is pivotal in the pathogenesis of VAP. A
link between increasing severity of illness, higher oc-
currence of oropharyngeal colonization and increased
risk for the development of VAP was reported.13,14

Subsequent studies confirmed that oropharyngeal col-
onization was a risk factor for VAP.15,16 Further evi-
dence was supported by the studies demonstrating a
decrease in VAP occurrence and incidence by contin-
uous and/or intermittent subglottic suction.9,10,17,18

Accordingly, it is plausible that adequate clearance
of oral secretions may be of value in reducing the
oropharyngeal colonization and subsequent develop-
ment of VAP.

In supporting this concept, our results showed
that intermittent suction of oral secretions before
each positional change could significantly reduce
VAP occurrence (from 11.0% to 2.6%, P � 0.001) and
incidence rate (from 6.51 to 2.04 episodes per 1000
ventilator days, P � 0.002) in ICU patients. For
those with VAP, a significant decrease in the dura-
tion of mechanical ventilation and the length of ICU
stay was found in the studied group (Table 2). The
duration of mechanical ventilation and the length of

ICU stay of VAP patients were decreased by 7 to 8
days, respectively, in the studied group. Taken to-
gether, intermittent suction of oral secretions before
each positional change could reduce VAP occurrence
and incidence and lessen the severity of VAP in ICU
patients.

VAP remains a clinical challenge for the physi-
cians involving in the critical care, despite an im-
proved understanding and recent advances in the
diagnosis, prevention and management strategies of
the disease. VAP occurs in 9% to 27% of all intu-
bated patients.3,4,6 In agreement with these reports,
VAP occurred in 26 of 237 (11.0%) patients in our
control group. The relatively low occurrence of VAP
in this study may be explained in part by the follow-
ing reasons. Hand hygiene and education for infec-
tion control were promoted more aggressively due to
the impact of severe acute respiratory syndrome in
Taiwan in 2003.19 Semirecumbent position with
head elevation of 30° or greater, which proved useful
in reducing VAP,4,20 was part of routine care proto-
cols in our ICU for years. Only early-onset VAP was
found in this study.

There are some limitations in this study. First,
this was not a randomized controlled study. The
cases studied may not be large enough. The hetero-
geneity of the patients as the study conducted in a
combined medical and surgical ICU may confound
the results or the effect of intervention. The value of
intermittent suction of oral secretions before each
positional change in reducing late-onset VAP re-
mains unknown because late-onset VAP was not
found in this study. However, the results of the
present study can be clinically relevant because all
patients studied came from the same ICU and were
treated with same protocol except for the interven-
tion evaluated in the studied group. This may de-
crease or avoid inherent bias caused by different
patient population, nursing protocols, and quality of
medical and nursing staffs in particular in multi-
center studies or in a study conducted simulta-
neously in different ICUs at a same hospital. Fur-
ther prospective and randomized studies with larger
population are needed to verify these issues.

In conclusion, intermittent suction of oral secre-
tions before each positional change may signifi-
cantly reduce VAP occurrence and incidence and
decrease the duration of mechanical ventilation and
the length of ICU stay in VAP patients. The clinical
benefit of intermittent suction of oral secretions be-
fore each positional change needs further studies
with larger population to verify.
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Table 4. Pathogens of Ventilator-Associated Pneumonia in
Control and Studied Groupsa

Potential Pathogen
Control Group,

N � 26
Studied Group,

N � 6

No growth 1 (3.8) 2 (33.3)
Stenotrophomonas

maltophilia
5 (19.2) 1 (16.7)

Klebsiella pneumoniae 3 (11.5) 1 (16.7)
Pseudomonas aeruginosa 2 (7.5)
Acinetobacter species 2 (7.5) 2 (33.3)
Burkholderia cepacia 2 (7.5)
Escherichia coli 1 (3.8)
Enterobacter species 1 (3.8)
Serratia species 1 (3.8)
ORSA 1 (3.8)
PDRAB 1 (3.8)
MDRAB 1 (3.8)
Escherichia coli �

Klebsiella pneumoniae
1 (3.8)

MDRAB � Klebsiella
pneumoniae

1 (3.8)

Pseudomonas aeruginosa �
Burkholderia cepacia

1 (3.8)

ORSA � Pseudomonas
aeruginosa

1 (3.8)

ORSA � MDRAB 1 (3.8)

Values given in parenthesis are percentage.
a The data of case number and (%) are given.
ORSA indicates oxacillin resistant Staphylococcus aureus; PDRAB,
pan-drug resistant Acinetobacter species; MDRAB, multidrug-resis-
tant Acinetobacter species.
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