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ABSTRACT: Presence of a nasogastric tube is a risk factor for the development of ventilator-

associated pneumonia (VAP). Alternatively, gastrostomy can be used for administration of enteral

feedings.

To determine whether early performance of gastrostomy affects frequency of VAP, a

randomised, controlled study was carried out in patients mechanically ventilated for stroke or

head injury. In the gastrostomy group, patients underwent the procedure within 24 h of intubation.

A nasogastric tube was inserted in controls. Individual subjects were studied for 3 weeks.

In total, 20 subjects (mean age 48¡15.2 yrs) were allocated to the gastrostomy group, and 21 to

the control group (46.6¡15.4 yrs). Of these groups, two (10%) and eight (38.1%) developed VAP,

respectively. Four patients with gastrostomy and three controls did not complete the study (due to

weaning from ventilatory support or death). After excluding these subjects, difference in VAP

frequency persisted: two out of 16 subjects with gastrostomy had VAP (12.5%) versus eight out of

18 controls (44.4%). There were no differences in duration of hospitalisation or mortality between

the two groups.

In conclusion, in patients mechanically ventilated for stroke or head injury early gastrostomy is

associated with a lower frequency of ventilator-associated pneumonia compared with a

nasogastric tube.
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V
entilator-associated pneumonia (VAP)
remains a common problem in the inten-
sive care unit (ICU) despite early diag-

nosis and appropriate treatment [1]. Several
studies have demonstrated that the cumulative
risk for developing VAP increases with the
duration of mechanical ventilation (MV). The
rate of acquisition of VAP peaks around the fifth
day of MV and plateaus at days 15 of respiratory
support [2–5]. Early management of risk factors
that have been implicated in the development of
VAP could potentially decrease its incidence.

Some of the reported risk factors (e.g. patient’s
age, diagnosis on hospital admission and severity
of illness) cannot be changed. However, variables
such as duration of MV, use of paralytic agents,
performance of tracheostomy and type of enteral
nutrition can be potentially modified [6]. In most
patients receiving MV, a nasogastric tube is
placed for evacuation of gastric secretions and
for nutritional support. The presence of a
nasogastric tube has been identified as an
independent risk factor for VAP [7, 8]. The

potential advantage of performing an early
gastrostomy over using a nasogastric tube is the
possibility of avoiding dysfunction of the upper
and lower oesophageal sphincters and develop-
ment of maxillary sinusitis, both of which are
associated with VAP [9, 10].

The aim of the present preliminary investigation
was to determine whether early performance of
gastrostomy affects the frequency of VAP, com-
pared with insertion of a nasogastric tube. It was
hypothesised that administration of enteral feed-
ings via a percutaneous gastrostomy, which was
performed within 24 h after intubation in
patients with stroke or head injury, is associated
with a lower frequency of VAP compared with
nutrition given via a nasogastric tube.

PATIENTS AND METHODS
Subjects
The protocol was reviewed and approved by the
Larissa University Hospital Ethics Committee,
Larissa, Greece. Over a 9-month period, intub-
ated patients were recruited who were admitted
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directly to the ICU from the Emergency Department and who
fulfilled certain inclusion criteria. After informed consent was
obtained from a first degree relative, patients were randomly
allocated to one of two treatment groups. In the early
gastrostomy group, subjects underwent percutaneous gastro-
stomy within 24 h of intubation. In the control group, a
nasogastric tube was inserted within the same time period.

Entry criteria were the following: 1) diagnosis of stroke or head
injury; 2) Glasgow Coma Score of ,6; and 3) need for sedation
and MV. Participants in the study were monitored for 3 weeks
following admission to the ICU or until development of VAP
(which ever came first). Since the rate of acquisition of VAP
peaks around the fifth day of MV and plateaus at day 15 of
respiratory support [2–5], subjects were followed for 3 weeks
to ensure that the majority of episodes of VAP would be
included in the data analysis. If patients were still mechani-
cally ventilated beyond the third week of their stay in the ICU,
gastric feedings were continued. A gastrostomy was per-
formed at 3 weeks for those who were previously in the control
group (feedings via a nasogastric tube).

Exclusion criteria were: 1) history of known respiratory
disease; 2) thoracic trauma; and 3) multiple traumatic injuries.
Patients with contraindications for performance of gastro-
stomy or early initiation of enteral nutrition were not
considered for study participation. Pre-existing respiratory
disease is an independent predictor of VAP [5]. Similarly,
thoracic trauma is frequently complicated by VAP [11].
Furthermore, thoracic tissue injury and the associated radio-
graphic abnormalities may possibly decrease the usefulness of
chest radiographs in diagnosing VAP. Multiple injuries often
include abdominal or spinal trauma. Abdominal trauma is a
contraindication for gastrostomy and administration of enteral
feedings, while spinal trauma may require use of systemic
corticosteroids, which is a risk factor for VAP [12].

Treatment protocol and data collection
Percutaneous gastrostomy was performed at the bedside by
two of the ICU attending physicians, using the Flexiflo Inverta-
PEG Pull gastrostomy kit with roll-tip bumper (Abbott, Sligo,
Ireland) within 24 h of intubation. All participants received
continuous gastric feedings at a rate of 60–80 mL?h-1. Nutrition
was initiated 24 h after performance of gastrostomy for the
early gastrostomy group and within 48 h after intubation for
the control group.

Patients were orally intubated [13], placed on the ICU bed in a
semi-recumbent position (30–45 )̊ [14] and tracheostomy was
not performed until completion of 3 weeks of MV. No closed
circuits for tracheal suctioning were used [15]. Patients were
sedated with midazolam and/or propofol and no muscle
relaxants were required. Intracranial pressure was monitored
in all subjects by an intracranial catheter and for this reason
ceftriaxone was administered intravenously at a dose of 2 g
every 12 h. Ranitidine was also given intravenously at a dose
of 50 mg every 8 h. None of the patients received any systemic
corticosteroids during participation in the study [12].

The medical chart of each subject was reviewed and the
following information was recorded: age, sex, admission
diagnosis, Acute Physiology and Chronic Health Evaluation
(APACHE) II score on admission [16], transports out of the ICU

[17], duration of MV and duration of stay in the ICU. Although
in some studies APACHE II score has been associated with
prognosis of head injury patients [1, 2], it is not the best
predictor of disease severity. For this reason, similar disease
severity between the study groups was ensured not only by
comparing APACHE II scores, but also by using a Glasgow
Coma Score of ,6 as an entry criterion. A diagnosis of sinusitis
by computed tomography scan was also noted [13]. If there was
a suspicion of pneumonia during participation in the study,
flexible bronchoscopy and bronchoalveolar lavage (BAL) were
performed and BAL samples were sent for quantitative cultures.

For the diagnosis of VAP the criteria proposed in the American
Thoracic Society consensus statement were applied [18]. VAP
was diagnosed if a new and persistent infiltrate developed on
the chest radiograph and at least two of the following criteria
were fulfilled: 1) fever, an increase of .1 C̊ or core temperature
.38.3 C̊; 2) leukocytosis, 25% increase in leukocyte count from
baseline and an absolute count .10,000?mm-3 or leukopenia,
25% decrease in leukocyte count from baseline and an absolute
count ,5,000?mm-3; and 3) purulent tracheal aspirates, .25
neutrophils per high-power field on Gram stain. The diagnosis
of VAP was augmented by a positive culture of BAL fluid
(o104 colony forming units (cfu)?mL-1). However, a positive
BAL fluid culture was not required for the diagnosis of VAP.

Statistics and data analysis
The two study groups were compared regarding: age, sex,
diagnosis on admission, APACHE II score, per cent of subjects
with at least one transport out of the ICU and per cent of
subjects with acute sinusitis or history of cardiovascular
disease. For continuous characteristics, an unpaired t-test
was used, while for categorical variables the Chi-squared test
with Yate’s correction was applied.

Frequency of VAP was the primary outcome measure. The
groups were compared for VAP frequency by the Chi-squared
test with Yate’s correction. Statistical analysis regarding VAP
frequency was first carried out on an intent-to-treat basis. The
analysis was then repeated after excluding patients who did
not complete the study. The current authors estimated that 45
patients per group had to be recruited in order to provide 80%
power, with an alpha error of 0.05 for detecting a difference of
30% in the frequency of VAP between the two groups.
Cumulative analysis of the frequency of VAP per group and
for each week of the study was also performed. The two
groups were compared regarding frequencies of VAP by the
Chi-squared test with Yate’s correction.

Length of stay in the ICU, duration of MV, ICU mortality, and
mortality directly attributed to VAP were secondary outcome
measures. To evaluate subjects for the previous variables, they
were monitored beyond the 3-week study period, i.e. until
discharge from the ICU or death. Comparisons for secondary
outcome measures were carried out using an unpaired t-test
(continuous characteristics) or the Chi-squared test (categorical
variables).

RESULTS
Patients’ characteristics
In total, 20 patients were randomly allocated to the early
gastrostomy group and 21 subjects to the control group.
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Subjects’ characteristics that may affect development of VAP
are summarised in table 1. No statistically significant differ-
ences regarding these characteristics were found between the
two study groups. Pneumoperitoneum in one patient was the
only complication after performance of gastrostomy and it
resolved without any further consequences. None of the
participants had clinically significant gastro-oesophageal
reflux during enteral feeding or required administration of
any prokinetic agents.

Four patients in the gastrostomy group did not complete the
entire 3-week period of the intervention, two subjects were
extubated on the 18th and 19th days of hospitalisation,
respectively, and two more subjects expired due to brain
death on the 9th and 12th days after admission, respectively.
Three subjects in the control group did not remain in the study
for the 3 weeks, one subject was extubated on the 13th day of
hospitalisation and two more patients expired due to brain
death or pulmonary embolism on the 5th and 16th hospitalisa-
tion days, respectively. Therefore, 16 subjects in the early
gastrostomy group and 18 subjects in the control group
completed the trial.

Frequency of VAP and secondary outcome measures
Two patients in the gastrostomy group fulfilled the radiologi-
cal and clinical or laboratory criteria for diagnosis of VAP on
the 5th and 7th days after admission. In both cases,
Acinetobacter baumannii (,104 cfu?mL-1) was isolated from
culture of the BAL sample. Eight subjects in the control group
were diagnosed with VAP between the 6th and 12th days of
hospitalisation, A. baumannii (three cases), Pseudomonas aerugi-
nosa (2 cases) and Staphlococcus aureus (three cases) were
isolated from culture of the BAL sample. In two out of the three

cases with growth of S. aureus in the BAL sample, the isolated
microorganism was found in a concentration ,104 cfu?mL-1.

When the two groups were compared on an intent-to-treat
basis, subjects with gastrostomy had a lower frequency of VAP
than controls. VAP occurred in two out of 20 patients (10%) in
the gastrostomy group versus eight out of 21 patients (38.1%) in
the control group (p50.036). After excluding subjects who did
not complete the study, the difference in VAP frequency
between the two groups was still significant. Two out of 16
subjects with gastrostomy (12.5%) developed VAP versus eight
out of 18 controls (44.4%; p50.041). The results of cumulative
analysis of the frequency of VAP per group and for each week
of the study are presented in table 2.

There were no differences between the two study groups
regarding secondary outcome measures (table 3). No subjects
developed VAP after the end of the 3-week study period.
However, six more deaths occurred. Two subjects expired in
the gastrostomy group. One patient died due to acute lung

TABLE 1 Summary statistics and statistical comparisons
between the early gastrostomy group and the
control group regarding variables that may affect
development of ventilator-associated pneumonia

Variables Early gastrostomy

group

Control

group

p-value

Subjects n 20 21

Age yrs 48¡15.2 46.6¡15.4 .0.05

Females 4 (20) 5 (24) .0.05

Diagnosis on admission

Stroke 13 (65) 12 (57) .0.05

Head injury 7 (35) 9 (43)

APACHE II score 15¡1.7 14.7¡1.4 .0.05

Transport out of the ICU

Yes 20 (100) 21 (100) .0.05

Paranasal sinusitis

Yes 9 (45) 10 (48) .0.05

Cardiovascular disease

Hypertension 8 (40) 7 (33) .0.05

Diastolic dysfunction of

left ventricle

2 (10) 3 (14) .0.05

Data are presented as mean¡SD or n (%). APACHE: Acute physiology and

chronic health evaluation; ICU: Intensive care unit.

TABLE 2 Cumulative analysis of frequency of ventilator-
associated pneumonia (VAP) per group and for
each week of the study

Subjects

n

Patients with VAP

End of

1st week

End of

2nd week

End of

3rd week

Early gastrostomy

group

20 2/20# (10) 2/18# (11.1) 2/16# (12.5)

Control group 21 1/20# (5) 8/19# (42.1) 8/18# (44.4)

p-value .0.05 ,0.05 ,0.05

Data are presented as n (%). #: The denominator indicates the number of

participants remaining in the study at the end of each week.

TABLE 3 Summary statistics and statistical comparisons
between the early gastrostomy group and the
control group regarding secondary outcome
measures

Secondary outcome

measures

Early gastrostomy

group

Control

group

p-value

Subject n 20 21

Length of stay in ICU days 38.5¡14.2 38.5¡13.4 .0.05

Duration of mechanical

ventilation days

37.3¡13.7 37.6¡12.8 .0.05

ICU mortality no. deaths 4 (20)# 6 (28.5)" .0.05

ICU mortality attributed to

VAP no. deaths

1 (5) 1 (4.7) .0.05

Data are presented as mean¡SD or n (%). ICU: Intensive care unit; VAP:

ventilator-associated pneumonia. #: causes of death: brain death (2), heart

failure (1), VAP-associated acute lung injury (1); ": causes of death: brain death

(1), heart failure (1), pulmonary embolism (1), VAP (1), mesenteric artery

embolism (1), disseminated candidiasis (1).
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injury associated with VAP, which was diagnosed during the
study period. Four patients expired in the control group. Only
one death was related to VAP diagnosed during the study
period. When all subjects were followed until weaning from
ventilatory support and discharge from the ICU or until death,
the overall ICU mortality and the mortality attributed to VAP
were similar among the two study groups (table 3).

DISCUSSION
Presence of a nasogastric tube has been recognised as one of
the risk factors for the development of VAP [7, 8]. It is possible
that use of an alternative method to provide enteral feedings
could decrease the frequency of VAP. In the present controlled
study, the frequency of VAP in subjects who receive enteral
feedings via a gastrostomy tube and in those fed via a
nasogastric tube was compared. All participants had a poor
Glasgow Coma Score due to head injury or stroke. Patients in
the early gastrostomy group were found to have a significantly
lower frequency of VAP compared with subjects in the control
group (nasogastric tube).

To the current authors’ knowledge, this is the first controlled
study assessing the possible decrease in the risk for developing
VAP after performance of early gastrostomy in comparison
with use of a nasogastric tube. In an older retrospective report
of subjects operated on for abdominal aortic aneurysm, the
frequency of ‘‘chest’’ infections was lower in those who
underwent performance of gastrostomy intra-operatively than
in patients with a nasogastric tube [19].

Provision of adequate nutritional support for critically ill
patients is one of the main goals of the ICU medical care team
[20]. Early administration of enteral feedings is considered to be
of benefit to MV subjects. Despite this concept, a prospective trial
showed that subjects with respiratory failure who were
scheduled to receive their estimated total daily nutrition
requirement on day one of MV had a statistically greater
occurrence of VAP than those who were scheduled to receive full
enteral nutrition on day five [21]. Most subjects received bolus
gastric feedings via a nasogastric or orogastric tube. The authors
of that study suggested that suboptimal infusion of enteral
nutrition results in more harm than no infusion at all and that
further investigations are required to identify the best method of
providing feedings to patients with acute respiratory failure.

A number of mechanisms have been proposed to explain why
the presence of a nasogastric tube is associated with an
increased risk for development of pneumonia. These mechan-
isms include: 1) disturbance of the physiological pharyngo-
glottal reflexes that prevent aspiration [22]; 2) dysfunction of
the upper and lower oesophageal sphincters and associated
gastro-oesophageal reflux secondary to the presence of the
tube [9]; and 3) colonisation of the stomach by bacteria that
may subsequently migrate to the oropharynx and into the
lower respiratory tract (gastropulmonary hypothesis) [23, 24].

Use of a nasogastric tube is not practical as a long-term
solution for providing enteral feedings. In a retrospective
anecdotal review of the authors experience in the Larissa
University Hospital ICU, they found that .60% of patients
with stroke or head injury and poor Glasgow Coma Score
required performance of gastrostomy prior to their hospital
discharge. These subjects usually had a decreased level of

consciousness and/or dysfunctional swallowing on discharge.
Since percutaneous gastrostomy was inevitable for the major-
ity of patients with the previous characteristics, the current
authors decided to perform the procedure soon after intuba-
tion.

The present authors hypothesised that administration of
enteral feedings via a percutaneous gastrostomy, performed
within 24 h after intubation, may be related to a lower
frequency of VAP compared with nutrition given via a
nasogastric tube. Early performance of gastrostomy could
possibly prevent disturbance of the physiological pharyngo-
glottal reflexes (which leads to aspiration) and dysfunction of
the upper and lower oesophageal sphincters due to the
presence of a nasogastric tube.

Use of an early gastrostomy instead of a nasogastric tube could
also decrease the incidence of paranasal sinusitis. The
incidence of infectious maxillary sinusitis and its relationship
to VAP were prospectively studied in critically ill patients who
were mechanically ventilated for a period .7 days [10].
Infectious maxillary sinusitis was significantly associated with
VAP and its frequency was markedly reduced by inserting
endotracheal and gastric tubes via the oral route and not via the
nares.

In the present study, both study groups were similar regarding
characteristics that may have affected VAP frequency (age,
diagnosis on admission, APACHE II score, history of trans-
ports out of the ICU, diagnosis of paranasal sinusitis and
history of cardiovascular disease) [5, 7]. A standard treatment
protocol was used to ensure that no known confounding
factors would influence the difference in frequency of VAP
between the two study groups. Specifically, all participants
were orally intubated [13], placed in a 30–45˚ semi-recumbent
position [14] and received the same antibiotic and H2 receptor
antagonists treatment regimen [25, 26].

More patients with nasogastric tube developed VAP compared
with subjects with gastrostomy. VAP has been defined as early-
onset if occurring within the first 3–7 days after intubation [4,
26–28]. Haemophilus influenzae, Streptococcus pneumoniae,
methicillin-sensitive S. aureus and susceptible gram-negative
bacteria have been mostly associated with early-onset VAP,
while P. aeruginosa, Acinetobacter spp., methicillin-resistant S.
aureus and multiresistant gram-negative bacteria have been
mainly related to late-onset pneumonia [28, 29]. In this report,
all cases of pulmonary infections, except one, occurred after the
5th day of ventilatory support and the isolated microorganisms
were among those frequently found in late-onset VAP.
Although VAP occurred in fewer patients with gastrostomies,
there were no differences in secondary outcome measures
between the two groups. Two out of ten subjects with VAP
expired secondary to the pulmonary infection after completion
of the 3-week study (case fatality rate of 20%), which is
consistent with findings in other reports [30].

Several complications have been related to percutaneous
gastrostomy, such as peritonitis, gastric perforation, wound
infection, pneumoperitoneum and tube blockage [31, 32]. In
this series, the only complication secondary to gastrostomy
was pneumoperitoneum in one case, which subsequently
resolved without any other consequences.
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The main limitation of the current study was the small number
of participants; for this reason further controlled studies with
larger numbers of subjects are necessary to confirm the authors
findings. At the time of designing this trial, there was
controversy in the literature over appropriate timing of
tracheostomy. Since tracheostomy is a possible covariate in
the association between enteral feedings and VAP, the
procedure was not performed until the end of the 3 weeks of
the study. Nevertheless, recent evidence suggests that early
tracheostomy may have significant benefits over late tracheost-
omy, including reduction in mortality rate, frequency of
pneumonia, duration of MV and length of stay in the ICU [33].

In conclusion, the results of this preliminary investigation
indicate that administration of enteral feedings via a percuta-
neous gastrostomy, which is performed early after intubation
in subjects mechanically ventilated for stroke or head injury, is
associated with a lower frequency of ventilator-associated
pneumonia compared with nutrition via a nasogastric tube.
Further controlled studies with larger number of subjects are
necessary to confirm that early performance of gastrostomy is
an effective measure for reducing the incidence of ventilator-
associated pneumonia.
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