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ABSTRACT

BACKGROUND: Although esophageal pressure measurement could help clinicians to improve the ventilatory manage-
ment of acute respiratory distress syndrome (ARDS) patients, it has been mainly used in clinical research. Aim of this
study was to compare the measurements of end-expiratory esophageal pressure, end-expiratory transpulmonary pressure
and lung stress by three systems: a dedicated manual device, taken as gold standard, a new automatic system (Optivent)
and a bedside equipment, consisting of a mechanical ventilator and a hemodynamic monitor.

METHODS: In sedated and paralyzed mechanically ventilated ARDS patients the esophageal pressure was measured at
three PEEP levels in random fashion (baseline level, 50% higher and 50% lower).

RESULTS: Forty patients were enrolled (BMI 25 [23-28] kg/m2, PaO,/Fi0O, 187 [137-223] and PEEP 9+3 cmH,0). The
mean esophageal pressure measured during an expiratory pause by the dedicated system, the bedside system and Op-
tivent were 10.0+4.2, 10+4 and 9.9+4.0 cmH,0, respectively. The respective bias and limits of agreement between the
dedicated system and Optivent and between the dedicated system and the bedside system were as follows: end-expiratory
esophageal pressure, 0.2 cmH,0, (-0.4 to 0.9) and -0.1 cmH,0 (-1.9 to 1.7); end-expiratory transpulmonary pressure, -0.6
c¢cmH,0 (-1.7 to 0.4) and -0.4 cmH,O0, (-2.2 to 1.5); lung stress -0.9 cmH,O (-3.0 to 1.1) and -1.5 cmH,0 (-4.4 to 1.4).
CONCLUSIONS: Both Optivent and the bedside system showed clinically acceptability if compared to the gold standard
device. The possibility to apply one of these systems could allow a wider use of esophageal pressure in clinical practice.

(Cite this article as: Chiumello D, Caccioppola A, Pozzi T, Lusardi AC, De Giorgis V, Galanti V, et al. The assessment of
esophageal pressure using different devices: a validation study. Minerva Anestesiol 2020;86:1047-56. DOI: 10.23736/S0375-
9393.20.14458-4)
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Mechanical ventilation is a life-saving treat-
ment which is commonly applied in pa-
tients with acute respiratory distress syndrome
(ARDS), it is used not only to improve gas ex-
change, but also to reduce the work of breath-
ing.l.2 However, ARDS still presents a high mor-
tality rate, that could be partially due to the me-
chanical ventilation per se, as it could promote
several types of injures, which are collectively
named as ventilator induced lung injury (VILI).?
A possible way to decrease VILI is to avoid or re-
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duce an excessive lung expansion during the in-
flation (lung stress/strain) and alveolar collapse at
the end of expiration by using an adequate PEEP
level.l: 2 The respiratory system is constituted by
the lung and the chest wall, thus a similar airway
pressure applied by the mechanical ventilator,
could have different effects on lung and chest wall
expansion according to their mechanical charac-
teristics. 5 It has been reported that abnormali-
ties in the respiratory mechanics were mainly due
to alterations in the lungs rather than in the chest
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wall.6. 7 ARDS patients can present significant
alterations in the chest wall mechanical proper-
ties, due to the presence of intra-abdominal hy-
pertension or pleural effusion.8-1© Consequently,
airway pressure, commonly considered as a sur-
rogate of the lung distension, cannot accurately
reflect it, because the lung expanding pressure is
due to the difference between the airway and the
pleural pressure, that is the pressure outside the
lung.!. 12 Several previous studies reported that
changes in pleural pressure could be assessed by
changes in esophageal pressure.!3. 14 Since then,
recent data showed the usefulness of esophageal
pressure measurements in passive mechanically
ventilated patients in titrating the PEEP accord-
ing to the end-expiratory transpulmonary pres-
sure, in computing lung stress at end-inspiration
and in measuring chest wall and lung elastances.
In addition, esophageal pressure can be assessed
in active patients to detect patient’s asynchronies
and to measure the work of breathing.!1 12

Although esophageal pressure measurements
could improve the ventilatory management of
ARDS patients, it has been mainly used in clini-
cal research and not in daily clinical practice. The
most reported reasons for that are the technical
difficulties and the inability to obtain easy and
accurate measurements.!!. 12 Recently, a new au-
tomatic monitoring system (Optivent, Sidam Srl,
Modena, Italy), which is able to directly measure
both airway pressure and esophageal pressure
has been released.

The aim of this study was to compare the mea-
surements of respiratory mechanics in ARDS pa-
tients by using a dedicated manual device (con-
stituted by a pressure transducer with a software
recording system), taken as gold standard, with
those obtained by two other systems: Optivent
and a bedside equipment, consisting of a me-
chanical ventilator and a hemodynamic monitor.
In particular, we focused on three variables: end-
expiratory esophageal pressure, end-expiratory
transpulmonary pressure and lung stress.

Materials and methods
Study population

All consecutive mechanically ventilated patients
admitted in the intensive care unit (ICU) from
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February 2019 to September 2019, affected with
ARDS according to the Berlin definition,!5 re-
quiring an esophageal catheter for clinical rea-
sons to assess the respiratory mechanics were
considered eligible for the study. The study was
approved by the Institutional Review board of
our hospital (Comitato Etico Interaziendale Mi-
lano Area A, n. 7154/2019, approved 18.02.2019)
and informed consent was obtained according to
the Italian regulations. Exclusion criteria were
the presence of hemodynamic instability, baro-
trauma, esophageal diseases and severe coagu-
lopathy.

Study design

Patients in supine position, sedated and para-
lyzed, were ventilated in volume-controlled, with
a tidal volume between 6-8 mL/kg of predicted
body weight and using a square wave inspiratory
flow. For each patient the measurements were
performed by three different methods (described
below) at three consecutive levels of PEEP, ran-
domly applied: baseline level, 50% higher and
50% lower. Respiratory rate was selected to
maintain an arterial pH between 7.30 and 7.45.
An end-inspiratory and an end-expiratory pause
have been performed at each PEEP level.

Esophageal catheter

Esophageal pressure was measured by using a
radiopaque catheter equipped with a balloon in
the lower part (Nutrivent, Sidam Srl., Modena,
Italy). Before the insertion the esophageal cath-
eter was emptied of air and closed with a three-
way stopcock. Then, it was introduced trans-
orally and advanced to reach the stomach (gener-
ally at a least depth of 55 cm from the mouth).
The balloon was inflated with an air volume of 4
mL. The intragastric position of the catheter was
confirmed by a rise in intra-abdominal pressure
following external manual epigastric compres-
sion. Finally, it was retracted into the esophagus
(i.e. confirmed by the presence of cardiac arti-
facts in the pressure tracing and by the difference
in the absolute pressure), at a distance between
40-45 cm from the mouth. An occlusion test,
consisting in the application of four manual tho-
racic compression during an end-expiratory hold
while simultaneously recording the esophageal
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and airway pressure was performed. The optimal
position of the esophageal catheter was found ac-
cording to the highest ratio between the esopha-
geal and the airway pressure. 16

Measurements acquisition

The measurement setting is shown in Supple-
mentary Digital Material 1 (Supplementary Fig-
ure 1).

Optivent system

Optivent (SIDAM Srl, Modena, Italy) is an auto-
matic system composed by a touchscreen moni-
tor that is directly connected to the patient. Real
time airway pressure and esophageal pressure
are displayed on the screen. Airway pressure was
measured using a disposable transducer (Hamil-
ton Medical ventilators, Hamilton Medical AG,
Bonaduz, Switzerland) inserted between the en-
dotracheal tube and the ventilator circuit. Cali-
bration procedures are automatically performed
by the device after the connection with the sen-
sor, in fact it is a self-calibrating system. Sample
rate of pressure transducer is ranged between 50-
200 Hz with a filter of frequency of 2.5 Hz.

Bedside system

This hybrid system is composed by the mechani-
cal ventilator and the hemodynamic monitor. The
airway pressure was directly measured and re-
corded by the ventilator; the esophageal pressure
was measured by a pressure transducer, the same
used to measure the arterial pressure but filled
with a column of air, instead of 0.9% saline (Tru-
Wave/VAMP Plus, Edwards Lifesciences, Un-
terschleissheim) connected to the hemodynamic
monitor (Philips INTELLIvue MX800; Konin-
klijke Philips N.V. Amsterdam, the Netherlands).
Data of the airway pressure and esophageal pres-
sure were acquired from the screen of the me-
chanical ventilator and hemodynamic monitor,
respectively. The values of esophageal pressure
are acquired in millimeters of mercury and con-
sequently converted in centimeters of water (1
mmHg =1.36 cmH,0O. Three types of mechani-
cal ventilator (Draeger Evita XL, Draeger AG &
Co. KGaA, Lubecca, Germany; Mindray SV800,
Shenzhen Mindray Bio-Medical Electronics Co.,
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Shenzhen, China; and Hamilton S1, Hamilton
Medical AG, Bonaduz, Switzerland) were used.
The calibration of the pressure transducer con-
sists in zeroing through two steps: first, the air
interface is opened to atmospheric pressure, then
the monitor’s zeroing function key or button is
pressed: zeroing electronically establishes for the
monitor atmospheric pressure as the atmospheric
zero reference point. Sample rate of pressure
transducer is ranged between 40 Hz with a filter
of frequency of 5 Hz.

Dedicated system

The airway and esophageal pressure were mea-
sured by pressure transducers (MPX 2010 DP.
Motorola, Solna, Sweden) and recorded on a
personal computer using a specific software for
subsequent analysis (Colligo, Elekton, Milan,
Italy). Before each recording, zeroing is per-
formed opening the pressure transducer to at-
mospheric pressure and setting the atmospheric
pressure as zero reference point. We assumed the
dedicated system as the gold standard method as
it is an in vitro calibrated by a column of water
and specifically built system, which provides the
best technical characteristics for measuring these
variables. Moreover, it is the device we have
more experience because we performed most
of our studies using this system. Sample rate of
pressure transducer is ranged between 50-100 Hz
with a filter of frequency of 5 Hz.

The accuracy of the devices in measuring pres-
sures is 4% of the measured value for the venti-
lator and hemodynamic monitor (as reported by
the user’s manuals), £0.5 cmH,O for the Opti-
vent system and +0.1 cmH,O for the dedicated
system (Personal communication from Sidam
and Elekton).

Measurements computation

During end-inspiratory and end-expiratory
pauses the following variables were measured:
the absolute airway pressures and esophageal
pressures. The end-expiratory transpulmonary
pressure and lung stress were computed accord-
ingly to previously published formula (Supple-
mentary Digital Material 2: Supplementary
Text File 1).4 17. 18 The mean of 4 pauses was
used.
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Statistical analysis

Data are expressed as meantstandard deviation
(D’Agostino-Pearson omnibus normality test),
or median [interquartile range] as appropriate. A
linear correlation was carried out between each
system and correlation coefficients were calcu-
lated. The statistical analysis was performed us-
ing GraphPad PRISM 8.0 (GraphPad Software,
San Diego, CA, USA). The degree of agree-
ment between systems was determined using the
Bland-Altman method (difference vs. average).!®
The statistical significance cut off will be consid-
ered as a P value <0.05.

We enrolled a number of patients to ensure the
confidence intervals of the bias and of the limit
of agreement for each device and each investi-
gated variable were below the accuracy levels of
each device.

Results

Forty ARDS patients were enrolled. The base-
line clinical characteristics are shown in Table
1. Three PEEP levels were evaluated: baseline
PEEP 943 ¢mH,0, 50% higher PEEP 12+3 cm-

TABLE l.—Baseline characteristics of the study popula-
tion.

Number of patients (N.) 40
Age (yr) 71 [56-79]
Female % (N.) 30 (12)
Height (cm) 170£9
BMI (kg/m?) 25 [23-28]
PaO,/FiO, 187 [137-223]
PaCO, (mmHg) 44.0+8.1
ARDS category % (N.)

Mild 43 (17)

Moderate 50 (20)

Severe 7(3)
Cause of ARDS % (N.)

Pulmonary 67 (27)

Extrapulmonary 33 (13)
Time from admission to study (days) 1[1-2]
Respiratory rate (breaths per minute) 16+2
Tidal volume (mL) 482485
Tidal volume / predicted body weight (mL/kg) 6.6+1.3
Clinical PEEP (cmH,0) 9+3
Minute ventilation (L/minute) 8.0+1.9
Driving pressure (cmH,0) 9[7-12]

Quantitative data are expressed as mean (standard deviation, SD)
or median [interquartile range] as appropriate. Categorical data are
presented as N (number of subjects) and percentages (%).

BMI: Body Mass Index; ARDS: acute respiratory distress syndrome;
PEEP: positive end-expiratory pressure.

1050

MINERVA ANESTESIOLOGICA

ASSESSMENT OF ESOPHAGEAL PRESSURE USING DIFFERENT DEVICES

H,0 and 50% lower PEEP 5+2 ¢cmH,0. Tidal
volume remained constant at 482+85 mL.

End-expiratory esophageal pressure

The mean end-expiratory esophageal pressures,
respectively acquired by the dedicated sys-
tem, the bedside system and by Optivent, were
10.0+4.2, 10.044.0 and 9.944.0 cmH,O. As
shown in Figure 1, both Optivent and the bedside
system exhibited a high level of correlation with
the dedicated system (r2=0.99, P<0.0001 and
r2=0.95, P<0.0001, respectively). The Bland-
Altman plot showed a bias of 0.2 cmH,O (95%
CI: 0.2 to 0.3), with limits of agreement (+1.96
SD) from -0.4 cmH,0 (95% CI: -0.5 to -0.3) to
0.9 cmH,0 (95% CI: 0.8 to 1.0) for the Optivent
compared with the dedicated system, and a bias
of -0.1 cmH,0 (95% CI: -0.3 to 0.1), with limits
of'agreement (+1.96 SD) from -1.9 cmH,0O (95%
CIL: -2.2 to -1.6) to 1.7 cmH,0 (95% CI: 1.4 to
2.0) for the bedside system compared with the
dedicated system (Figure 1). Linear regression
and Bland-Altman plots of Optivent compared to
the bedside system are shown in Supplementary
Digital Material 3 (Supplementary Figure 2).

End-expiratory transpulmonary pressure

The mean end-expiratory transpulmonary pres-
sures, respectively computed with data acquired
by the dedicated system, the bedside system
and by Optivent, were -1.6+4.6, -1.4+4.5 and
-1.2+4.3 ¢cmH,0. As shown in Figure 2, both
Optivent and the bedside system exhibited a
high level of correlation with the dedicated sys-
tem (r2=0.99, P<0.0001 and r2=0.96, P<0.0001,
respectively). The Bland-Altman plot showed a
bias of -0.6 cmH,0 (95% CI: -0.8 to -0.5), with
limits of agreement (x1.96 SD) from -1.7 cm-
H,0 (95% CI: -1.9 to -1.5) to 0.4 cmH,0 (95%
CI: 0.2 to 0.6) for the Optivent compared with
the dedicated system, and a bias of -0.4 cmH,O
(95% CI: -0.6 to -0.2), with limits of agreement
(x1.96 SD) from -2.2 cmH,0 (95% CI: -2.5 to
-1.9) to 1.5 cmH,0 (95% CI: 1.2 to 1.8) for the
bedside system compared with the dedicated
system (Figure 2). Linear regression and Bland-
Altman plots of Optivent compared to the bed-
side system are shown in Supplementary Digital
Material 4 (Supplementary Figure 3).
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Figure 1.—Accuracy of Optivent and of the bedside system in measuring end-expiratory esophageal pressure compared to
the dedicated system. A) Linear regression plot between Optivent and the dedicated system. The end-expiratory esophageal
pressure obtained by Optivent (Pes,eeqyiyen) Was 0.15+0.96 multiplied by the end-expiratory esophageal pressure measured
by the dedicated system (Pes,eepgicarea) (P<0.0001, 12=0.99); B) Bland-Altman plot of the end-expiratory esophageal pressure
obtained by Optivent and by the dedicated system. The x axis shows the mean of the two measurements and the y axis shows
the difference between the two measurements: mean difference 0.2 cmH,0 (95% CI: 0.2 to 0.3), with limits of agreement
from -0.4 cmH,0 (95% CI: -0.5 to -0.3) to 0.9 cmH,0 (95% CI: 0.8 to 1.0); C) linear regression plot between the bedside
system and the dedicated system. The end-expiratory esophageal pressure obtained by the bedside system (Pes,eep ggiqc) Was
0.14+1.00 multiplied by the end-expiratory esophageal pressure measured by the dedicated system (Pes,eepqgicateq) (P<0.0001,
2=0.95); D) Bland-Altman plot of the end-expiratory esophageal pressure obtained by the bedside system and by the dedi-
cated system. The x axis shows the mean of the two measurements and the y axis shows the difference between the two
measurements: mean difference -0.1 cmH,O (95% CI: -0.3 to 0.1), with limits of agreement from -1.9 cmH,0 (95% CI: -2.2
to -1.6) to 1.7 cmH,0 (95% CI: 1.4 to 2.0).

Lung stress compared with the dedicated system, and a bias
of -1.5 cmH,0 (95% CI: -1.8 to -1.2), with limits
of agreement (+1.96 SD) from -4.4 cmH,0O (95%
CI: -4.9 to -3.9) to 1.4 cmH,0 (95% CI: 0.9 to
1.9) for the bedside system compared with the
dedicated system (Figure 3). Linear regression
and Bland-Altman plots of Optivent compared to
the bedside system are shown in Supplementary

Digital Material 5 (Supplementary Figure 4).

The mean lung stress values, respectively com-
puted with data acquired by the dedicated sys-
tem, the bedside system and by Optivent, were
14.0£5.8, 15.0£6.6, and 15.0+6.1 cmH,0. As
shown in Figure 3, both Optivent and the bedside
system exhibited a high level of correlation with
the dedicated system (r2=0.97, P<0.0001 and
r2=0.93, P<0.0001, respectively). The Bland-

Altman plot showed a bias of -0.9 cmH,0O (95%
CI: -1.1 to -0.7), with limits of agreement (+1.96
SD) from -3.0 cmH,0 (95% CI: -3.3 to -2.7) to
1.1 cmH,0 (95% CI: 0.8 to 1.4) for the Optivent
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Discussion

The present study showed that, in mechanically
ventilated ARDS patients, the esophageal pres-

1051



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2020 EDIZIONI MINERVA MEDICA

CHIUMELLO ASSESSMENT OF ESOPHAGEAL PRESSURE USING DIFFERENT DEVICES
107 r2=0.99 1
oo
g o
z 07 g
2 Q . o
5
L T 1
) 3 .
& 10 gJ{ .
I
o
y=0.99x + 0.62 27
20 T — T
-20 -10 0 10 -20 -10 0 10
A PL.€€pegicated B Mean
10
4
g 04 b
5% S
z 3
10 @
Q
-
[a
y=1.0x +0.38
20 T T T[T L [rerrrr e T 1
20 -10 0 10 -20 -10 0 10
C PLreeDedicated D Mean

Figure 2.—Accuracy of Optivent and of the bedside system in measuring end-expiratory transpulmonary pressure compared
to the dedicated system. A) Linear regression plot between Optivent and the dedicated system. The end-expiratory transpul-
monary pressure obtained by Optivent (PL,eeqiyen) Was 0.62+0.99 multiplied by the end-expiratory esophageal pressure
measured by the dedicated system (PL,eepggicaeq) (P<0.0001, 12=0.99); B) Bland-Altman plot of the end-expiratory transpul-
monary pressure obtained by Optivent and by the dedicated system. The x axis shows the mean of the two measurements and
the y axis shows the difference between the two measurements: mean difference -0.6 cmH,0 (95% CI: -0.8 to -0.5), with
limits of agreement from -1.7 ecmH,0 (95% CI: -1.9 to -1.5) to 0.4 cmH,0 (95% CI: 0.2 to 0.6); C) linear regression plot
between the bedside system and the dedicated system. The end-expiratory transpulmonary pressure obtained by the bedside
system (PL,eep.giqe) Was 0.38+1.00 multiplied by the end-expiratory transpulmonary pressure measured by the dedicated
system (PL,eepegicarea) (P<0.0001, 12=0.96); D) Bland-Altman plot of the end-expiratory transpulmonary pressure obtained by
the bedside system and by the dedicated system. The x axis shows the mean of the two measurements and the y axis shows
the difference between the two measurements: mean difference -0.4 cmH,0O (95% CI: -0.6 to -0.2), with limits of agreement

from -2.2 cmH,0 (95% CI: -2.5 to -1.9) to 1.5 cmH,0 (95% CI: 1.2 to 1.8).

sure values and its derived variables (end-expi-
ratory transpulmonary pressure and lung stress),
measured by a dedicated manual device, consid-
ered as gold standard, are well correlated both
with a new automatic system (Optivent) and with
a bedside equipment.

According to the respiratory mechanics mod-
el, transpulmonary pressure, corresponding to
the pressure necessary to distend the lung, is
one of the most relevant determinants in the
pathogenesis of VILI.L 2. 18 Ideally, the trans-
pulmonary pressure should be calculated as the
difference between the airway and the pleural
pressure. Due to the difficulty in assessing the
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pleural pressure, the esophageal pressure has
been considered an adequate non-invasive sur-
rogate.!l. 12 The changes in pleural pressure are
accurately detected by the changes in esopha-
geal pressure.4 1. 20 Nowadays, several types
of esophageal balloon catheters equipped with
or without a nasogastric feeding tube are com-
mercially available. A bench study comparing
different types of esophageal balloon catheters
at different external pressures reported a high
accuracy among measurements. It is worth to
remind that a known amount of air should be
inflated, according to the size of the balloon and
to different conditions of intrathoracic pressure;

October 2020



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2020 EDIZIONI MINERVA MEDICA

ASSESSMENT OF ESOPHAGEAL PRESSURE USING DIFFERENT DEVICES

CHIUMELLO

4077 r2=0.97
£
2
i &
= 2
o T
2 2
g
g 20 S
1%} 8
o0 =]
S (%2}
3 10 )
3
-
y=1.0x + 0.71
0 T T T 1 4 T T T 1
A 0 10 20 30 40 B 0 10 20 30 40
Lung stresspegicated Mean
2 1.96SD
i +1.
409 r=0.03 7

M
k]
g 307 3
E g
& E
S 20 v
=] o
1%] —
o0 @

C
5 104 =
— 3
-

y=1.0x+ 1.4
0 T T T 1
0 10 20 30 40
Lung stresspegicated Average

Figure 3.—Accuracy of Optivent and of the bedside system in measuring lung stress compared to the dedicated system. A)
Linear regression plot between Optivent and the dedicated system. Lung stress obtained by Optivent (Lung stressgyivent)
was 0.71+1.00 multiplied by lung stress measured by the dedicated system (Lung stresspggicaeq) (P<0.0001, r2=0.9’}j); B)
Bland-Altman plot of lung stress obtained by Optivent and by the dedicated system. The x axis shows the mean of the two
measurements and the y axis shows the difference between the two measurements: mean difference -0.9 cmH,0 (95% CI:
-1.1 to -0.7), with limits of agreement from -3.0 cmH,O (95% CI: -3.3 to -2.7) to 1.1 cmH,0 (95% CI: 0.8 to 1.4); C) linear
regression plot between the bedside system and the dedicated system. Lung stress obtained by the bedside system (Lung
Stresspegsige) Was 1.40+1.00 multiplied by lung stress measured by the dedicated system (Lung stresSpegicaeq) (P<0.0001,
r2=0.93); D) Bland-Altman plot of lung stress obtained by the bedside system and by the dedicated system. The x axis shows
the mean of the two measurements and the y axis shows the difference between the two measurements: mean difference
-1.5 emH,0 (95% CI: -1.8 to -1.2), with limits of agreement from -4.4 cmH,0O (95% CI: -4.9 to -3.9) to 1.4 cmH,0 (95%

CI: 0.9 to 1.9).

however, this should not have affected our main
results, because measurements were performed
in static conditions.2! Despite the evidence of
the possible utility of esophageal pressure in the
management of mechanical ventilation, mea-
surement of esophageal pressure is not often
performed, mainly due to the absence of a user-
friendly dedicated system.!l. 12 The esophageal
pressure could be measured by a mechanical
ventilator with an additional specific side port,
or by a dedicated system (usually home-made),
or by a pressure transducer connected to an
hemodynamic monitor. We compared data re-
sulting from a home-made “dedicated system”,

Vol. 86 - No. 10
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commonly applied in our clinical research as
gold standard, to a new commercially avail-
able automatic system and to a bedside system.
In the present study we used only one type of
esophageal balloon catheter filled with a fixed
amount of air, located in the lower part of the
esophagus.

Thus, the possibility to apply an automatic
system or a bedside system as reliable devices
for esophageal pressure measurement, should
increase the use of esophageal pressure which
has been reported to be less than 1% of ARDS
patients.22 In our clinical practice we commonly
apply a dedicated system, that although has a
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good accuracy; however, this system requires an
in-vitro calibration, a software with a dedicated
pressure transducer and, in addition, it cannot
provide real-time data.

The measurement of esophageal pressure is
required to compute the transpulmonary pres-
sure. In the computation of transpulmonary
pressure, we assume that the esophageal pres-
sure should reflect the pleural pressure in all
the lung regions. However, due to the presence
of a vertical gradient of pleural pressure, the
weight of the mediastinum, the abdominal pres-
sure and the tone of the esophagus, the esopha-
geal pressure reflects the pleural pressure of the
middle lung regions.23-25 Despite these uncer-
tainties26: 27 it has been proposed to titrate the
PEEP in ARDS patients in order to have a posi-
tive end-expiratory transpulmonary pressure, so
as to limit the atelectrauma.!’. 28 Currently, op-
posite findings have been reported, a first study
found a better oxygenation and compliance
when PEEP was set to obtain a positive end-ex-
piratory transpulmonary pressure value, while
a subsequent study was not able to show any
difference in gas exchange and in outcome.!7. 28
In the present study, both the measurements of
esophageal pressure and of the end-expiratory
transpulmonary pressure resulted repeatable
and accurate by using both the bedside system
and the Optivent system compared with the gold
standard.

We also computed the lung stress according
to the elastance-derived method as the product
of end-inspiratory airway pressure and the ratio
of lung to respiratory system elastance (Lung
stress = end-inspiratory airway pressure X lung
elastance/respiratory system elastance).4 5 This
method is able to compute the lung stress, as the
total pressure inside the lung due to PEEP and
tidal volume.> By using this method, Grasso et
al. reported, in a small group of ARDS patients,
the possibility to apply higher PEEP levels avoid-
ing the lung overstress compared to the simple
measurements of plateau airway pressure as safe
limit.29 Thus, this strategy should optimize the
lung recruitment while avoiding the lung over-
distension.

Similarly to the esophageal pressure and to
the end-expiratory transpulmonary pressure find-
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ings, we found a good accuracy for lung stress
assessment with the Optivent system and the
bedside system compared to the dedicated sys-
tem. Moreover, the limits of agreement of the
lung stress assessment using Optivent, can be
considered clinically acceptable to detect over-
distension.

Limitations of the study

Possible limitations of this study are: firstly,
the use of different mechanical ventilators, that
could have increased the inter-variability of the
measurements of tidal volume and airway pres-
sure; secondly the esophageal pressure and the
derived variables were measured only during
passive conditions. Although slight differences
in terms of sample rate of pressure transducers
and filter of frequency among the three systems
they cannot interfere at different pressure val-
ues because we performed our measurements in
static conditions at the end of an expiratory and
inspirator pause of 6-8 seconds and we used the
mean values of four pauses.

Conclusions

Both Optivent and the bedside system, which
requires a mechanical ventilator with an hemo-
dynamic monitor, demonstrate clinical accept-
ability in measuring esophageal pressure and its
derived variables. The possibility to apply one
of these systems could make the measurement
of esophageal pressure easier, with a consequent
wider application in clinical practice.

What is known

» Although esophageal pressure measure-
ment could help clinicians to improve the
ventilatory management of ARDS patients by
evaluating the lung stress in order to reduce
barotrauma and the end-expiratory transpul-
monary pressure to titrate PEEP, it has been
mainly used in clinical research.

» Several previous studies reported that
the changes in pleural pressure has been ad-
equately assessed by the changes in esopha-
geal pressure.
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What is new

* Both Optivent and the bedside system,
which requires a mechanical ventilator and a
hemodynamic monitor, present a clinical ac-
ceptability for the measurements of esopha-
geal pressure, end-expiratory transpulmo-
nary pressure and lung stress compared to a
dedicated system taken as gold standard.

 The possibility to apply one of these sys-
tems could make the measurement of esopha-
geal pressure at bedside easier for the physi-
cians.

» A wider use of esophageal pressure mea-
surements could reduce the ventilator-induced
lung injury and improve outcome in ventilat-
ed patients by understanding the pathophysi-
ological alteration of the respiratory system.
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