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BACKGROUND: The use of esophageal catheters with microtransducer promises advantages over
traditional catheters with air-filled balloons. However, performance comparisons between these 2
types of catheters are scarce and incomplete. METHODS: A catheter with a 9.5-cm air-filled
balloon at the distal tip and a catheter with a microtransducer mounted within a flexible silicone
rubber were tested in vitro and in vivo. In vitro, the response times of both catheters were com-
pared, and the drift of the baseline pressure of the microtransducer catheter was evaluated over a
6-h period. In vivo, 11 healthy volunteers had both catheters inserted, and the drift of the baseline
esophageal pressure was measured over a 3-h period. Also, the correlation and agreement of the
baseline and changes in the esophageal pressure of both catheters were evaluated. RESULTS:
In vitro, the microtransducer catheter had a response time significantly higher (262 � 114 Hz,
P < .01) and a good pressure stability, with a mean baseline pressure drift of 1.4 cm H2O. In vivo,
both catheters presented a small and similar baseline esophageal pressure drift (P � 0.08). For
measurements of baseline and changes in esophageal pressure, the correlation and agreement
between the catheters were poor, with a large bias between them. CONCLUSIONS: The catheter
with the microtransducer had a small baseline pressure drift, similar to the air-filled balloon
catheter. The low agreement between the catheters does not allow the microtransducer catheter to
be used as a surrogate for the traditional air-filled balloon catheter. Key words: catheterization
/methods; esophagus/physiology; humans; manometry/methods; pressure; respiratory muscles/physiology.
[Respir Care 2017;62(2):215–221. © 2017 Daedalus Enterprises]

Introduction

The measurement of esophageal pressure has frequently
been employed in animal and human research.1,2 Esopha-
geal pressure measurement has been proposed in the clin-

ical arena to guide mechanical ventilation1,3,4, to monitor
respiratory muscle activity and patient-ventilator syn-
chrony, and to guide the weaning process.1 Due to its
importance in research and increasing clinical application,
a working group summarized the current knowledge on
esophageal pressure measurement and suggested the meth-
ods in which these measurements should be used in crit-
ically ill patients.1 Probably due to the lack of studies, no
recommendation about the type of esophageal catheter was
stated.
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Esophageal pressure can be measured through catheters
using liquid-filled balloons,5 air-filled balloons, or pres-
sure microtransducers.1,6,7 Microtransducer catheters have
advantages, such as an absence of air leaks, greater com-
fort than air-filled balloon catheters,8 and easier placement
in the correct esophageal position because the pressures
are continuously shown during the insertion. Another pos-
sible advantage of microtransducer catheters over air-filled
balloon catheters during mechanical ventilation is the de-
crease of cardiac artifacts affecting the esophageal pres-
sure recording, which is most marked in the supine posi-
tion. Cardiac artifacts are likely to result from direct pressure
from overlying mediastinal structures on the air-filled bal-
loon, but the small microtransducer allows it to be placed
in the correct esophageal zone but away from pulsatile
mediastinal structures.6 These advantages could make the
microtransducer catheters more suitable for use during long
periods, as in critically ill patients during mechanical ven-
tilation.

Air-filled balloon and microtransducer catheters have
been compared in vitro and in vivo.6,8-10 However, the
in vivo studies were performed with the catheters inserted
during short periods,6,8-10 and clinical use during mechan-
ical ventilation will require knowledge of the catheters’
properties during long periods. In vivo, microtransducer
catheters are better tolerated than air-filled balloon cathe-
ters and were considered accurate to measure relative pres-
sure changes6,8-10 but show lower repeatability10 and higher
baseline drift, making them unreliable for absolute pres-
sure measurements.6,8 In clinical use, esophageal catheters
must have no baseline drift, measure pressure accurately
(especially transpulmonary pressure), and the ability to
detect changes in esophageal pressure in order to calculate
variables such as work of breathing or pressure-time prod-
uct.

If current microtransducer catheters prove to agree with
the ubiquitous air-filled balloon catheters, due to their ad-
vantages, microtransducer catheters would be ideal for clin-
ical use mainly because they are easier to place in the
correct esophageal position and easier to handle during the
long mechanical ventilation periods because air leaks are
not an issue. The objective of the present study was to
compare the baseline esophageal pressure drift between
microtransducer catheters and air-filled balloon catheters
during a 3-h in vivo study. Also, we evaluated the agree-
ment of the absolute esophageal pressure and changes in
the esophageal pressure measured with microtransducer
and air-filled balloon catheters.

Methods

We designed an in vivo study to compare air-filled bal-
loon catheters with microtransducer catheters. Eleven
healthy volunteers participated in the study. All volunteers

were medical students, physicians, or respiratory thera-
pists from the Hospital das Clínicas da Faculdade de Me-
dicina da USP ranging from 21 to 47 y old; 9 volunteers
were male. The study was approved by the local ethical
committee (CapPesq), and informed consent was obtained
from each volunteer.

Catheters

The air-filled balloon catheter was an 86-cm length cath-
eter with a balloon of 9.5-cm length (Adult Esophageal
Balloon Catheter Set, CooperSurgical, Trumbull, Connect-
icut). The microtransducer catheter was 120 cm in length
(2-mm external diameter) with 2 transducers (5 mm long
by 2 mm wide) mounted within a flexible silicone rubber
catheter, 5 and 35 cm from the distal tip (Digitimer, Gael-
tec, Dunvegan, Isle of Skye, United Kingdom).

According to the manufacturer’s instructions, 1 h before
the experiment, the microtransducer catheter was plugged
into its amplifier (S7d, Gaeltec, Dunvegan, Isle of Skye,
United Kingdom) and submerged into a column of water
at controlled room temperature (24°C). The amplifier acted
as an interface between the microtransducer catheter and
our acquisition system (ADS 1000, Lynx Eletrônica, São
Paulo, Brazil) and was used exclusively as an interface
because the analogical signal coming from the microtrans-
ducer was not amplified.

A 3-point calibration (0, 20, and 40 cm H2O) of the
pressure transducer connected to the air-filled balloon was

QUICK LOOK

Current knowledge

Esophageal pressure measurement is important in the
experimental arena and has been proposed to guide
mechanical ventilation and weaning. Esophageal pres-
sure can be measured through different catheters, and
catheters with microtransducers have attractive advan-
tages over customary esophageal catheters with air-filled
balloons, such as the absence of air leaks, greater com-
fort, and easier placement in the correct esophageal
position.

What this paper contributes to our knowledge

The esophageal catheter with a microtransducer had a
small baseline esophageal pressure drift, similar to that
of the air-filled balloon catheter. The low agreement
between the catheters does not allow the microtrans-
ducer catheter to be used as a surrogate for the custom-
ary air-filled balloon catheter because the normal ranges
established with air-filled balloon catheter may not be
strictly applicable.
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performed using a water U column. The microtransducer
calibration was performed by placing the catheter within a
70-cm water column at room temperature, and a 3-point
calibration was performed (0, 20, and 40 cm H2O). The
linearity of amplifier output of the microtransducer and
the linearity of the air-filled balloon pressure transducer
were recorded during the calibrations. The calibrations
were repeated at the beginning of each day.

Study Design

The air-filled balloon catheter was inserted while de-
flated until its distal tip was 65 cm from the nares and
within the stomach. Then the air-filled balloon catheter
was withdrawn approximately 20 cm to lie in the mid-
esophagus.1,11 The balloon was filled with 4.0 mL, and
3.5 mL were withdrawn. The remaining 0.5 mL was con-
tinually checked throughout the study.

After the air-filled balloon catheter was in place, the
microtransducer catheter was inserted through the same
nostril while the 2 transducer curves were continually de-
picted in a personal computer screen. The microtransducer
catheter was advanced until the esophageal and gastric
transducers showed a curve with an upward inflection dur-
ing the inspiration (gastric pressure), and then the catheter
was gently withdrawn until the proximal transducer showed
a curve with a downward inflection during the inspiration
(esophageal pressure). The correct esophageal position of
both catheters was checked by the Baydur maneuver.12 We
inserted the microtransducer catheter to confirm that its
esophageal sensor lay at the middle of the air-filled bal-
loon.

The volunteers were kept in a semi-recumbent position
for 3 h with both catheters inserted. After the volunteers
were comfortable and the esophageal pressure was stable,
the esophageal pressure was continuously recorded.

To measure the baseline esophageal pressure drift, a
reference period was defined as the mean esophageal pres-
sure values from the 2nd to the 5th minute. The initial
period was defined as the mean esophageal pressure of the
25th to 30th minute. The final period was defined as the
mean esophageal pressure of the last 5 min of the 3-h
period. Baseline esophageal pressure was defined as the
esophageal pressure at the end of an expiration. Artifacts
in the esophageal pressure due to movement or swallow-
ing were discarded. During the final period, the volunteers
were asked to perform 5 sniff maneuvers with a 30-s in-
terval among them.

Response Time Measurement

The response times of both catheters were evaluated by
inserting the tip of the air-filled balloon or the microtrans-

ducer catheter into a latex balloon, which was inflated to
40 cm H2O and then burst. The frequency response was
the time taken for the recorded pressure to fall between
90 and 10% of the initial pressure and was expressed in
Hz.11

Acquisition System

The acquisition system was an analog to digital con-
verter (ADS 1000), sequentially connected to a personal
computer running software designed to acquire and ana-
lyze the data (AqDados and AqDAnalysis 7.2, Lynx
Eletrônica, São Paulo, Brazil). Data were sampled at 1.000
Hz.

Statistical Analyses

Categorical data are presented as absolute number and
percentage. Continuous data are presented as median and
interquartile range. The pressure drift and linearity were
compared using the Wilcoxon test. The agreement be-
tween the values measured by both catheters was evalu-
ated using the Bland-Altman test.13 A P-value of �.05 was
considered statistically significant. All statistical analyses
were performed using SPSS 20.0 (SPSS, Chicago, Illi-
nois).

Results

In Vivo Esophageal Pressure Drift

After 3 h, both catheters presented a small and similar
baseline esophageal pressure drift (1.3 cm H2O for micro-
transducer vs �0.8 cm H2O for air-filled balloon, P � .08)
(Fig. 1).

Fig. 1. In vivo baseline esophageal pressure drift at the end of a
3-h period for the microtransducer catheter (MTC) and air-filled
balloon catheter (AFC). Boxes denote the first and third quartiles,
and center lines show the median.

ESOPHAGEAL PRESSURE MONITORING

RESPIRATORY CARE • FEBRUARY 2017 VOL 62 NO 2 217



In Vivo Baseline Esophageal Pressure Agreement

At the beginning of the measurement, the analysis of
agreement of the esophageal baseline pressure showed a
poor agreement, with a bias of �3.6 cm H2O and limits of
agreement of �14.3 to 7.0 cm H2O (Fig. 2A). At the end
of the third hour of the measurement, the bias
was �0.5 � 6.7 cm H2O, still with large limits of agree-
ment of �13.7 to 12.7 cm H2O (Fig. 2B).

In Vivo Esophageal Pressure Change Agreement

At the initial 5 min of the measurement, the analysis of
agreement of the change of the esophageal pressure be-
tween the catheters showed a poor agreement with a bias

of �3.7, with limits of agreement of �5.1 to 12.6 cm H2O
(Fig. 3A). At the end of the third hour of the measurement,
the bias was 3.0 with limits of agreement of �3.9 to
9.9 cm H2O (Fig. 3B).

In Vivo Esophageal Pressure Change During
Sniff Maneuvers

In all measurements during a sniff maneuver, the mi-
crotransducer catheter depicted higher values (in absolute
value) than the air-filled balloon catheter. The analysis of
agreement between the catheters showed a poor agree-
ment, with a bias of �50.6 cm H2O (95% CI �60.6
to �40.6) (Fig. 4).

Fig. 2. In vivo correlation and agreement of absolute esophageal pressure during quiet breathing. Correlation of the initial baseline
esophageal pressure between the microtransducer catheter (MTC) and air-filled balloon catheter (AFC) during quiet breathing at the
beginning of the 3-h period (A). Agreement of the final baseline esophageal pressure between catheters during quiet breathing at the end
of the 3-h period (B). Center lines denote the mean, and outer lines are �2 SD.

Fig. 3. In vivo correlation and agreement of esophageal pressure change during quiet breathing. Correlation of pressure change between
the microtransducer catheter (MTC) and air-filled balloon catheter (AFC) during quiet breathing at the beginning of the 3-h period (A).
Agreement of the pressure change between catheters during quiet breathing at the end of the 3-h period (B). Center lines denote the mean,
and outer lines are �2 SD.
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In Vitro Linearity and Response Time

The linearity of the microtransducer catheter amplifier
outputs and air-filled balloon catheter pressure transducer
was high and similar (99.8% � 0.1 for microtransducer vs
99.9 � 0.1% for air-filled balloon, P � .99). The micro-
transducer catheter had a response time significantly higher
than the air-filled balloon catheter (262 � 114 Hz, P � .01)
(Fig. 5).

Discussion

We showed, in an in vivo study, that the microtrans-
ducer catheter and the air-filled balloon catheter had a
small and similar esophageal pressure drift over 3 h. We

also showed that the agreement between the catheters was
poor for both baseline and esophageal pressure change
measurements.

Interest in the clinical use of esophageal pressure to
guide mechanical ventilation has increased.3 Recently, a
report summarized the current technical knowledge about
esophageal pressure measurements in patients receiving
mechanical ventilation, but no recommendation was made
regarding the type of esophageal catheter.1 Previously,
in vitro and in vivo short-term studies compared the per-
formance of different esophageal catheters. However, to
be useful in the clinical arena, the performance of the
esophageal catheters should be compared in long-term
in vivo studies.

Three previous studies in vitro evaluated the baseline
drift of the esophageal pressure and reached controversial
results. The first study concluded that after a 16-h period,
no drift was observed in the microtransducer catheter.8

The second study concluded that there was a baseline drift
over a 6-h period, that the drift could be in either a positive
or negative direction, that it was not linear, and that most
of the drift occurred during the first hour of use.6 Finally,
the third study evaluated only the drift of the zero position
and showed that there was a significant drift.14 The rea-
sons for the discrepant results are not clear, since the cal-
ibration of the catheters, the procedures to guarantee the
thermal stability, and the previous soaking of the catheters
were similar among the studies.6,8,14 One reason for the
difference could be the manufacturing of the catheters,
since they were produced by different manufacturers. In
our study, we employed a microtransducer catheter by the
same manufacturer used in the studies that showed a sig-
nificant drift.8,14 Because we took the same care about
soaking, thermal stability, and calibration, we hypothesize
that improvements in the design and manufacturing of the
microtransducer catheter are responsible for the higher sta-
bility in the present study.

We considered that due to the microtransducer catheter
advantages over the air-filled balloon catheter, the micro-
transducer catheter would be more suitable for mechanical
ventilation guidance. This assumption led us to measure
the agreement of a microtransducer catheter and an air-
filled balloon catheter, to verify whether the microtrans-
ducer catheter would agree sufficiently to replace the air-
filled balloon catheter. Four previous studies evaluated the
agreement of absolute esophageal pressure values and
changes of the esophageal pressure, again with discrepant
results. Two studies showed an absolute pressure poor
agreement but a good agreement in the pressure changes.6,8

A third study also concluded that the values of esophageal
pressure changes measured by the microtransducer cathe-
ter were similar to those measured by the air-filled balloon
catheter. However, in that study, the air-filled balloon cath-
eter values were from historical controls.9 The last study14

Fig. 4. In vivo esophageal pressure change during sniff maneu-
vers. AFC � air-filled balloon catheter, MTC � microtransducer
catheter.

Fig. 5. Response time curves for the air-filled balloon catheter
(AFC) and microtransducer catheter (MTC).
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showed, as we did, that the agreements for absolute esoph-
ageal pressure and for changes in esophageal pressure were
poor. There are 2 reasons to explain the difference in the
esophageal pressure agreement between the studies: first,
the use of catheters of different manufacturers, and sec-
ond, differences in the catheter placement, leading to dif-
ferent coupling of the microtransducer and the air-filled
balloon. Besides the use of different catheters and different
catheter placement, we believe that the microtransducer
catheter and the air-filled balloon catheter have different
characteristics that led to poor agreement. First, the fre-
quency response of the microtransducer catheter is faster
than that of the air-filled balloon catheter, so during
changes in esophageal pressure, especially fast pressure
changes, the microtransducer catheter would record
greater changes in pressure. Second, microtransducer cath-
eters record pressure at a single point so that the measured
esophageal pressure may not be equal to the pressure mea-
sured by air-filled balloon catheters over a larger area.15

Third, microtransducers have a very small area, so adhe-
sion of mucus, mechanical forces exerted by the catheter
shaft, and the sticking of the sensor on the esophageal wall
can exert van der Waals forces on the sensor, resulting in
unpredictable extra stress and faulty measurement8,14 Fi-
nally, due to the higher response time of the microtrans-
ducer catheter, the cardiac and swallowing artifacts are
more frequent and intense and may merge with the esoph-
ageal pressure trace. According to the previous study and
the manufacturer’s instructions, we tried to reduce the base-
line drift by soaking the microtransducer catheter in water
for 1 h before use and reducing amplifier gain (in our case,
we did not apply any gain). Probably due to those precau-
tions, we obtained a good in vitro and in vivo stability. The
air-filled balloon catheter had an in vivo baseline drift of
approximately �0.5 cm H2O, whereas the microtransducer
catheter had a baseline drift of approximately 1.0 cm H2O
after 3 h. Although statistically significant, that difference
does not seem clinically relevant.

Advantages and Disadvantages of the
Microtransducer Catheter

The air-filled balloon catheter has been used in clinical
and experimental situations for a long time, and its advan-
tages and disadvantages are well known.1,2,11 The interest
is now in surrogates, such as the microtransducer cathe-
ters. One advantage of the microtransducer catheter is that
it is more comfortable to pass through the nose, to swal-
low, and to be in contact with the nasopharynx and oro-
pharynx, especially during a long hospital stay. We did not
measure comfort objectively, but most of the volunteers
considered the microtransducer catheter more comfortable
to be inserted and to be kept in the right position for the
3-h period. Another advantage of the microtransducer cath-

eters over the air-filled balloon catheters is that the micro-
transducer catheters are easier to place in the expected
esophageal and gastric position. This advantage comes
from the fact that the esophageal and gastric curves are
displayed on a screen and in real-time from beginning to
end of the placement of the catheter, so it is possible to
know the position of the proximal and distal transducers
every time. A final advantage is that there is no variation
in the pressure measurement due to differences in the vol-
ume of air in the balloons or air leaks. Air-filled balloon
catheters are greatly influenced by the volume of air in the
balloons and the surrounding pressure, so the esophageal
pressure can easily be under- or overestimated.7,16

On the other hand, the microtransducer catheters have
some disadvantages. One disadvantage comes from the
small size of the microtransducer, which is able to measure
the pressure only of a very small area, which may not
reflect the real esophageal pressure, since a long esopha-
geal balloon is necessary to reflect the mean pressure along
the esophagus. Another disadvantage may be the difficulty
in inserting the microtransducer catheter in patients with
an impaired swallowing capability, since a more rigid cath-
eter may be required in such cases. Our experience with
microtransducer catheters in intubated patients receiving
mechanical ventilation showed us that they are more dif-
ficult to insert than the air-filled balloon catheters. A final
disadvantage is that reference values established with air-
filled balloon catheters may not be applicable to catheters
with miniature pressure transducers.

Limitations

We hypothesized that microtransducer catheters could
be more suitable than air-filled balloon catheters for use by
patients receiving mechanical ventilation; however, due to
limitations in testing the catheters in patients, as a first
step, we decided to compare the catheters among healthy
volunteers. First, almost all patients receiving mechanical
ventilation use a large nasogastric tube, and the presence
of 3 catheters in the esophagus could lead to spurious
results. Second, the 2 catheters and the nasogastric tube
would block both nostrils, increasing the chances of injur-
ing the nostrils and blocking sinus drainage. Third, we had
planned to test the agreement during deep inspirations (sniff
maneuvers), and critically ill patients are not capable of
volitional tests. However, we believe that the evaluation of
esophageal pressure in volunteers in the semi-recumbent
position is a good model to study patients receiving me-
chanical ventilation because the most relevant factor that
affects esophageal monitoring in patients receiving me-
chanical ventilation is the semi-recumbent position due to
the pressure vector generated by the weight of mediastinal
content of the lung and thoracic cage,17 and we also stud-
ied the volunteers in a semi-recumbent position. Another
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factor that affects esophageal monitoring in patients re-
ceiving mechanical ventilation is the presence of asym-
metrical lung disease,18 but due to the numerous different
possible lung disease presentations, even a clinical study
with patients receiving mechanical ventilation could not
control for that variable.

Finally, one could argue that the presence of 2 catheters
could make the results less reliable, but we believe that
one esophageal catheter did not affect the other. First, the
microtransducer catheter did not affect the air-filled bal-
loon catheter because the air-filled balloon has a high com-
pliance wall that could accommodate any other catheter
leaning on it. As the most important evidence, it was dem-
onstrated that even the presence of a thicker catheter, such
as a nasogastric tube, did not invalidate the accuracy of
esophageal pressure measurement, provided that the cath-
eter is correctly positioned.19 Second, the air-filled balloon
did not affect the microtransducer catheter because the
air-filled balloon was filled with 4.0 mL, and 3.5 mL were
withdrawn, resulting in a filling volume of 0.5 mL. Re-
cently, Mojoli et al7 evaluated 6 different air-filled balloon
catheters and showed that the catheter from Coopersurgi-
cal (the one that we employed) did not affect the surround-
ing pressure when filled from 0 to 2 mL.

Conclusions

In vivo, the drift of the baseline esophageal pressure
measured by the microtransducer catheter and by the air-
filled balloon catheter are small and similar. The agree-
ment of the microtransducer catheter and the air-filled bal-
loon catheter is poor for measurements of absolute
esophageal pressure and for changes in esophageal pres-
sure. The differences in the performance between the mi-
crotransducer catheter and the air-filled balloon catheter
preclude them from being used as surrogates and the nor-
mal ranges established with air-filled balloon catheters may
not be strictly applicable.
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