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ABSTRACT: Gastro-oesophageal reflux (GOR) and bronchoaspiration of gastric
content are risk factors linked with ventilator-associated pneumonia. This study was
aimed at evaluating the effect of a nasogastric tube (NGT) incorporating a low-pressure
oesophageal balloon on GOR and bronchoaspiration in patients receiving mechanical
ventilation.

Fourteen patients were studied in a semi-recumbent position for 2 consecutive days.
Inflation or deflation of the oesophageal balloon was randomised. Samples of blood,
gastric content, and oropharyngeal and bronchial secretions were taken every 2 h over a
period of 8 h. A radioactively labelled nutritional solution was continuously administered
through the NGT. The magnitude of both the GOR and bronchoaspiration was
measured by radioactivity counting of oropharyngeal and bronchial secretion samples,
respectively.

Inflation of the oesophageal balloon resulted in a significant decrease of both GOR
and bronchoaspiration of gastric content. This protective effect was statistically
significant from 4 h following inflation throughout the duration of the study.

This study demonstrates that an inflated oesophageal balloon delays and decreases
gastro-oesophageal and bronchial aspiration of gastric content in patients carrying a
nasogastric tube and receiving enteral nutrition during mechanical ventilation. Although
the method was found to be safe when applied for 8 h, longer times should be considered
with caution.
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Nosocomial pneumonia has an incidence of one patient per
100 hospital admissions and has a high mortality rate [1, 2].
Patients requiring mechanical ventilation possess a higher risk
of developing nosocomial pneumonia than nonventilated patients.
Ventilator-associated pneumonia (VAP) has a cumulative incid-
ence ranging from 18–60% and has been found in w70% of
patients who died from acute lung injury [3–5]. One of the
most commonly recognised risk factors for VAP is the bacterial
colonisation of the gastric content with subsequent gastro-
oesophageal reflux (GOR) and aspiration into the airways [6,
7]. The GOR has been found to be enhanced in mechanically
ventilated patients maintained in the supine body position
and in patients carrying a nasogastric tube (NGT), because
these factors appear to increase the permeability of the lower
oesophageal sphincter [8–10].

Several groups find it reasonable and clinically relevant to
further investigate new potential preventive measures, which
are applicable to conventional clinical settings, have little or
no impact on selecting resistant microorganisms, and are
economically viable. In this regard, several mechanical preven-
tive measures have been evaluated, including intermittent [11]
or continuous [12] subglotic aspiration, avoidance of NGT
[10], small-bore NGT [13, 14], and semi-recumbent body
positioning [9]. In 1992, the supine body position and the
duration of the time spent in the supine position were asso-
ciated with an increased risk of aspirating the gastric content
into the airways [9]. Consequently, the semi-recumbent body

position was proposed as a potential prophylactic manoeuvre
to reduce GOR and prevent VAP [9]. Recently, the current
authors showed that maintaining mechanically ventilated
patients in a semi-recumbent position reduces the incidence of
VAP from 34 to 8% [15]. In a subsequent study, however, the
semi-recumbent position was not found to fully protect the
patient from GOR or oropharyngeal colonisation of gastric
origin [16]. Most of these studies were carried out without
enteral nutrition and thus under conditions of low gastric
content which may have resulted in an underestimation of
GOR [17].

The authors hypothesise that other mechanical measures
aimed at reducing GOR in mechanically ventilated patients
may exist. A significant reduction of GOR could decrease the
incidence of VAP in these patients [12, 15]. The present study
evaluated the effect of a NGT incorporating an inflated oeso-
phageal balloon on the magnitude and dynamics of GOR
over an 8-h period in mechanically ventilated patients
receiving continuous enteral nutrition and maintained in a
semi-recumbent body position.

Methods

Study population

Fourteen patients (nine male; aged 66¡3 yrs) receiving
mechanical ventilation through an orotracheal tube and
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tolerating enteral nutrition were selected for the study. The
study was approved by the Research Committee for Human
Investigation at Hospital del Mar (Barcelona, Spain). Informed
written consent was obtained from the patients9 next of kin.
General characteristics of the study population are summarised
in table 1. Exclusion criteria included previous abdominal
surgery, previously documented GOR or paralytic ileum.
None of the patients were sedated or paralysed during the
study, since these states could alter gastric and intestinal motility.
All the patients received intravenous ranitidine as a prophy-
lactic measure against digestive bleeding. Eleven patients were
being treated with antibiotics. The pressure of the orotracheal
and oesophageal balloons was verified every 2 h.

Study protocol

A 16 French diameter NGT incorporating an oesophageal
balloon was used (156-16, Mallinckrodt, MO, USA) (fig. 1).
This NGT was inserted and fixed in each patient at least 24 h
prior to the start of the study. The NGT contained a special
aspiration line that allowed the aspiration of secretions
accumulating above the oesophageal balloon. The balloon
was maintained deflated until the beginning of the corre-
sponding study period. Prior to the start of the study, all
patients had shown tolerance to enteral liquid nutrition for
o2 days through the NGT at o63 mL?h-1. The nutrition was
not stopped before or during the study periods. On the
contrary, conventional perfusion was replaced by a new flask
containing the radioactively labelled solution (10 mCi of
sulphur colloid-99mTc) and the perfusion was continued at a
rate of 63 mL?h-1. This study design allowed GOR to be
evaluated in conditions of continuous enteral nutrition emulat-
ing a conventional management in mechanically ventilated
patients. All patients were studied on two occasions (or
periods), 24 h apart and defined according to the condition of
the oesophageal balloon (inflated or deflated). The beginning
of each two study periods was defined by the beginning of the
perfusion of the labelled solution. On one occasion, the
balloon was maintained inflated during the whole 8 h period.
The balloon was inflated from the beginning of the proper
period and was maintained at a constant inflation pressure
of 30 cmH2O. When the balloon remained inflated at this
pressure, its length was 14 cm whereas its diameter was 3 cm.
Positioning of the balloon was defined to be correct when it
was localised in the middle third of the oesophageal length.

This localisation of the balloon was selected on the empirical
basis that it could affect, in a lesser manner, the dynamics of
the gastro-oesophageal sphincter or pharyngo-laryngeal region
than a more proximal or distal positioning. Correct position-
ing was monitored by chest radiograph according to radio-
opaque imaging of the tube. On the other occasion, the
balloon was maintained deflated during the whole 8 h period.

Table 1. – General characteristics of the study population

Patient no. Diagnoses Age yrs Sex MV days FI,O2 mmHg PEEP cmH2O Pa,O2 mmHg

1 Ischaemic encephalopathy 83 F 9 0.4 6 107
2 Intracranial infarction 70 M 11 0.4 5 113
3 Community-acquired pneumonia 56 M 7 0.3 0 126
4 Community-acquired pneumonia 66 F 4 0.4 0 132
5 Community-acquired pneumonia 60 F 7 0.5 0 116
6 Nosocomial-acquired pneumonia 48 M 5 0.5 5 165
7 COPD-ARF 72 F 7 0.4 16 150
8 COPD-ARF 75 F 4 0.4 0 68
9 COPD-ARF 64 M 9 0.4 5 105
10 COPD-ARF 65 F 8 0.4 0 89
11 Pulmonary fibrosis 64 M 9 0.5 6 87
12 Ischaemic encephalopathy 48 M 5 0.4 0 153
13 Intracranial bleeding 69 M 12 0.4 0 124
14 COPD-ARF 74 M 17 0.4 7 120
Mean¡SD 65¡3 6F/8M 8¡1 0.4¡0.0 4¡1 118¡7

MV: mechanical ventilation; FI,O2: inspiratory oxygen fraction; PEEP: positive end-expiratory pressure; Pa,O2: arterial oxygen tension; COPD:
chronic obstructive pulmonary disease; ARF: acute respiratory failure; F: female; M: male.

Fig. 1. – Photograph showing the (16F) nasogastric tube incorporating
a: oesophageal balloon; b: oesophageal line allowing the aspiration of
secretions and/or gastro-oesophageal reflux accumulating above the
balloon; c: gastric line; and d: air line for inflation and deflation of
the balloon. For methodological specifications, see text.
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The sequence of the two balloon conditions was randomised.
On both occasions, the patients remained in a semi-recumbent
position and all were ventilated in a synchronised mandatory
ventilation mode throughout the duration of the study. The
samples of blood, bronchial, oropharyngeal and gastric secre-
tions were sequentially obtained immediately prior to, and at
2-h intervals during administration of the labelled enteral
nutrition. Using an ionisation chamber (Ludlum 2200, Measure-
ments Inc, Texas, USA) the radioactivity count (RAc) was
obtained and normalised to 1 mL in each sample. The results
were corrected for decay and expressed as log10 of counts per
minute (cpm). In eight patients, a fibre-endoscopic study was
performed with the aim of detecting possible lesions in the
oesophageal epithelium.

Statistical analysis

Data are expressed as mean¡SEM. The slope of the regres-
sion lines was included in the analyses as a summary measure
[18] in order to compare the time course of RAc in the two
balloon conditions (deflated versus inflated). For the gastric
Rac, analysis of the regression slope was performed by omitting
time zero. The effect of the inflated or deflated balloon within
an individual was compared using the paired t-test. Statistical
significance was defined as a pv0.05.

Results

General characteristics of the study population are sum-
marised in table 1. Potential complications associated with
the use of the oesophageal balloon were not observed either
during the study or during the hours immediately following
the study. No lesions were observed in the endoscopic studies
performed in a subset of patients. The mean volume of the
samples obtained was 7.5¡0.4 mL (oropharyngeal secre-
tions); 3.4¡0.2 mL (bronchial secretions); 5.2¡0.3 mL (gas-
tric content); and 3.2¡0.5 mL (blood).

Baseline RAc was similar for both study conditions (i.e.
inflated or deflated oesophageal balloon, respectively) in orophar-
yngeal secretions (3.0¡0.2 versus 2.8¡0.2 cpm), bronchial
secretions (2.8¡0.1 versus 2.6¡0.1 cpm), gastric content (2.7¡0.1
versus 2.6¡0.1 cpm) and blood samples (2.4¡0.1 versus
2.4¡0.1 cpm) (fig. 2).

No differences associated with the inflation state of the
balloon were found in the RAc values in gastric or blood
samples (fig. 2). Oropharyngeal and bronchial RAc increased
during the study period (fig. 3). However, these increases were
lower when the oesophageal balloon was inflated. Both the
absolute values of RAc counts (fig. 3a and b) and slope of
the RAc regression lines (inflated, 0.18¡0.03 versus deflated,
0.29¡0.03; pv0.05) from oropharyngeal secretions were signifi-
cantly decreased by the inflation of the oesophageal balloon.
This difference reached statistical significance (pv0.05) at 4, 6
and 8 h time points. Therefore, the increase of RAc from
bronchial secretions (which reflected bronchoaspiration of
gastric contents) was also significantly delayed and diminished
when the oesophageal balloon was inflated (fig. 3c and d). The
slope of the RAc regression lines in bronchial secretions was
lower in the studies using the inflated oesophageal balloon
(0.1¡0.1 versus 0.2¡0.1; pv0.01).

Discussion

This is the first study showing that both the magnitude and
rate of GOR as well as subsequent bronchoaspiration of

gastric contents can be significantly decreased in patients
receiving mechanical ventilation and enteral nutrition by
using a NGT incorporating an inflatable oesophageal balloon.
From a clinical point of view, these results suggest that a
NGT with an inflated oesophageal balloon could be an
additional measure to prevent nosocomial pneumonia in
mechanically ventilated patients.

Previous studies

A commonly recognised risk factor for VAP is the bacterial
colonisation of the gastric content and its subsequent aspira-
tion into the airways due to GOR [6, 7]. The virulence of the
bacterial species, capacity of pulmonary defence mechanisms
and size of the bacterial inoculum are also decisive factors in
the development of nosocomial pneumonia. Various potential
mechanisms have been implicated in the presence of GOR
during mechanical ventilation: the dynamic deterioration of
salivary clearance [19], the pharmacological inhibition of oesopha-
geal motility as a result of sedatives and paralysing agents [20],
nasogastric intubation [8, 10], high gastric volume [21] and a
supine body position [9, 10]. Despite knowledge of the causes
which provoke this condition, no method has been able to
show complete elimination of GOR from mechanically
ventilated patients. Several studies have shown that some
mechanical strategies are capable of decreasing the size of
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Fig. 2. – Radioactivity counting (RAc) of a) gastric, b) blood obtained
immediately prior to (time 0) and at 2-h intervals, following
administration of continuous enteral nutrition via the nasogastric
tube. The nutritional solution was radioactively labelled with 10 mCi
of sulphur colloid-99mTc. Each patient was studied at random on two
occasions, once with the oesophageal balloon deflated (#) and 24 h
later with the balloon inflated ($). RAc was normalised to 1 mL in
each sample. For technical specifications, see text.
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inoculum and preventing VAP. A recent study demonstrated
that both supine body position and enteral nutrition are
significant risk factors for VAP [14]. It is likely that these two
factors are related to aspiration of gastric contents into the
lower airways. In fact, it was also demonstrated that the semi-
recumbent body position decreases GOR and reduces the
incidence of VAP from 34 to 8% [14]. VALLES et al. [12] con-
firmed the importance of continuous aspiration of subglotic
secretions in preventing bronchial microaspirations, reducing
the incidence (39.6 to 19.9 episodes 1000-1 ventilator days)
and increasing the length of time before onset (6¡7 to 12¡7
days) of VAP in patients receiving mechanical ventilation.

The current authors9 group showed in two studies that the
semi-recumbent body position is not capable of fully impeding
GOR in patients receiving mechanical ventilation [9, 16]. The
present results are consistent with the former studies [9, 16]
since GOR occurred despite the semi-recumbent positioning
of the patients. However, most of the previous studies were
carried out in the absence of continuous enteral nutrition and
thus under conditions of low gastric contents. In the present
study, a premature increase of RAc was evident in both
oropharyngeal and bronchial secretions compared with pre-
vious studies. This difference can be partially explained by
two factors. Firstly, an ionisation chamber was used in the
present study to quantify RAc. This method is highly sensitive
for quantifying RAc and may be able to detect more prema-
ture changes than those detected by using a gamma chamber
which appears to be a useful method for determining the
topographic distribution of 99mTc sulphur colloid. Secondly,

an additional factor could be related to enteral nutrition
perfusion, which was maintained during the whole study period.
This allowed for the emulation of conventional management
of mechanically ventilated patients and it is possible that
patients involved in the present study disclosed a higher
gastric volume or lower venting effect of the NGT [21].

An alternative approach for obviating the need for an
oesophageal balloon is to use a small-bore NGT. However,
this technique has already been evaluated in two previous
studies that showed contradictory results [13, 14]. Firstly,
IBÁÑEZ et al. [13] demonstrated that a small-bore NGT results
in a decreased GOR in patients receiving mechanical ventila-
tion. A potential limitation in this study may have resulted
from isotope administration, which was performed only once
by a single instillation of the radiocolloid directly into the
stomach. Although enteral nutrition was maintained, the
scintigraphic study was performed 24 h following isotope
administration [13]. The authors9 feel that a continuous admini-
stration of radiocolloid makes it possible to detect sequential
GOR and should be taken into consideration when the
selected patients demonstrate a preserved gastric function and
tolerate enteral nutrition. In the study by FERRER et al. [14],
the patients were studied with two NGT: one tube with a
6 mm external bore and another with a 2.85 mm external
bore. The authors demonstrated that small-bore NGT in
intubated patients do not reduce GOR or microaspirations.
In fact, no differences were found between the two NGT types
on comparison of time course and cumulative RAc of
pharyngeal and tracheal samples [14].
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Fig. 3. – Radioactivity counting (RAc) of a) and b) oropharyngeal, and c) and d) bronchial samples, respectively, obtained immediately prior to
(time 0) and at 2-h intervals, following administration of continuous enteral nutrition via the nasogastric tube. The nutritional solution was
radioactively labelled with 10 mCi of sulphur colloid-99mTc. Each patient was studied at random on two occasions, a) and c) once with the
oesophageal balloon deflated, and b) and d) 24 h later with the balloon inflated. RAc was normalised to 1 mL in each sample. For technical
specifications, see text.
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Critique of the methods

A crossover design was selected on the basis that it permits
the control of most inter-individual variance. It avoids potential
bias related to comparative analyses between different study
groups (e.g. differences in gastric emptying, abdominal com-
pliance, concomitant diseases, etc.). Specifically, the present
study allowed for the comparison of the effect of the
oesophageal balloon in the same individual during the same
clinical condition and receiving both the same ventilation
modality and pharmacological treatments. All patients
remained clinically stable during the 2 days of study. Therefore,
one can reasonably assume that most of the potential confound-
ing factors were controlled. Consequently, the differences in
GOR and bronchoaspiration of gastric contents should be
attributed only to the inflated versus deflated balloon status.

This is the first study assessing the potential utility of a
low-pressure oesophageal balloon in decreasing GOR and
subsequent gastric content aspiration into the lower airways.
For this reason, it was not possible to select a pressure accord-
ing to recommendations or previous data. The current authors9
aimed for a mechanical occlusion of the oesophageal lumen
only. The pressure of the balloon was controlled and maintained
at 30 cmH2O during studies with the inflated balloon in order
to minimise the possibility of ischaemia, necrosis, rupture or
fistula of the oesophagus. These complications can be found
in y15% of patients receiving oesophageal tamponade in
oesophageal variceal bleeding. In case of balloon tamponade
a higher balloon pressure than that indicated by the authors
in the current study is applied to the bleeding varix in order to
compensate the intravariceal pressure [22]. The arterial perfu-
sion does not substantially diminish because the oesophagus,
which lacks a serosal layer, is distensible. The current authors9
reasonably assumed that a pressure of 30 cmH2O (significantly
lower than mean arterial pressure) would ensure perfusion
through arteries and veins of the oesophagus in most of the
mechanically ventilated patients. On the other hand, it has
been shown that in the case of balloon tamponade, the longer
the balloon is kept inflated the higher the possibility of local
complications [23, 24]. This is important when evaluating
whether a clinical application of the tube is required for
several days, weeks or even months of mechanical ventilation.
At present, there is a paucity of such prolonged studies.

Potential clinical implications

The present study clearly demonstrates that an inflated
oesophageal balloon significantly delays and decreases the
magnitude of both GOR and bronchial aspiration of gastric
contents when compared to the effect of a semi-recumbent
position only. These findings imply that the inflated oeso-
phageal balloon actually imposed a protective obstructive effect
on the GOR in patients receiving mechanical ventilation.
Additional information is obtained, because besides evaluat-
ing a new device, the study also involved a longer study period
for analysing GOR and bronchoaspiration dynamics in
mechanically ventilated patients and emulated the continuous
perfusion of enteral nutrition through the NGT. The study
suggests that the device could be useful in combination with
the semi-recumbent positioning of patients in preventing
VAP. The role of the oesophageal balloon could be even more
relevant in patients requiring mandatory supine position (e.g.
shock), receiving paralysing or sedative agents, or showing
decreased abdominal compliance or gastroparesia for various
reasons during mechanical ventilation. Before recommending
such a technique as a preventive measure for VAP, the long-
term impact of the device on GOR and its safety have to be

evaluated. Although the method was found to be safe when
applied for 8h, longer times (w24 h) should be considered
with caution. The present authors feel that the design of
future protocols have to concentrate on two variables namely
the minimum level of pressure that decreases or eliminates
GOR, and the time period in which the balloon pressure is
applied. Firstly, in addressing the minimum level of pressure,
it may be possible to eventually apply pressures v30 cmH2O
which would also yield favourable results. Secondly, the time
duration of the applied balloon pressure, should initially be
for 24 h, and following successful reviews of safety may be
extended for longer periods of time. These results could
favour further evaluation of the effectiveness of the NGT with
an oesophageal balloon in preventing nosocomial pneumonia
in mechanically ventilated patients.

Conclusion

Using a nasogastric tube with an oesophageal balloon is
a safe and effective method for reducing the magnitude of
gastro-oesophageal reflux as well as protecting the airways
from aspiration with contaminated gastric contents in patients
receiving mechanical ventilation. These results favour further
evaluation of the effectiveness of the nasogastric tube with an
oesophageal balloon in preventing nosocomial pneumonia in
mechanically ventilated patients. Further clinical trials assess-
ing both the efficacy and safety of this preventive approach in
patients requiring mechanical ventilation for several days,
weeks or even months appears to be warranted.
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