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Abstract

Background: Respiratory failure following COVID-19 can lead to
the death of COVID patients. Monitoring these patients during their
ventilation is essential. The present study investigated the effect
of measuring esophageal pressure in preventing barotrauma while
receiving Noninvasive Positive Pressure Ventilation (NIPPV) in
patients with COVID-19.

Methods: The present study is a single-blind clinical trial conducted
on patients with COVID-19 hospitalized in the Intensive Care Unit
(ICU). The patients were divided into two groups; one group had their
esophageal pressure measured while receiving NIPPV, their ventilation
was adjusted based on this pressure, and the second group was only
ventilated according to anesthesia protocols. Finally, the data was
entered into SPSS V.23 software and analyzed according to the study’s
objectives.

Results: The results of the present study showed that the incidence of
subcutaneous emphysema-type barotrauma in the Esophageal Pressure
(EP) monitoring group was lower than in the non-Esophageal Pressure
(nEP) monitoring group. Also, the IPAP level in the EP group was
lower than in NEP. The incidence of complications such as abdominal
bloating and gavage intolerance was lower in EP than in NEP. The
blood oxygen level in NEP was higher than in EP, but there was no
significant difference between them.

Conclusion: Esophageal pressure measurement in patients with
COVID-19 receiving NIPPV can reduce barotrauma in the patients.
Keywords: Barotrauma, COVID-19, Intensive care units, Positive-
pressure respiration, Respiratory insufficiency
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Effect of Measuring Esophageal Pressure to Adjust NIPPV to Prevent Pulmonary Barotrauma in Patients

Introduction

The disease caused by the coronavirus (SARS-CoV-2)
started at the end of 2019 in China. This virus spread
all over the world and led to the COVID pandemic
all over the world (1-4). The first patients with this
disease had symptoms such as fever, cough, shortness
of breath, and diarrhea. Also, some patients have
rhinorrhea, nasal congestion, and sore throat (5-9).
The disease also led to multi-organ failure and
hospitalization in the ICU, and even death in some
cases.

This disease’s most common symptom of viral
pneumonia is a decrease in blood oxygen level, blood
gas changes, and changes in X-ray or other diagnostic
modalities, including ground glass changes, patchy
consolidation, alveolar exudate, and interlobular
involvement in CT scans (10-17).

Acute respiratory failure and hypoxemic pulmonary
failure following COVID-19 are one of the fears
and complications of this disease, which increases
the patient’s mortality between 2 and 13% so that
in severe cases requiring mechanical ventilation,
this mortality rate increases to 14.6%. Noninvasive
Positive Pressure Ventilation (NIPPV) [divided into
two categories, Bilevel Positive Airway Pressure
(BIPAP) and Continuous Positive Airway Pressure
(CPAP)] is sometimes life-saving in these patients
(9,18,19). However, it can lead to complications such
as barotrauma and lung damage caused by ventilation,
which causes multi-organ failure in ARDS patients.
Barotrauma occurs in more than 2% of patients with
severe pneumonia caused by COVID. In a study
conducted by Hamori et al in 2021, retrospectively,
patients who underwent non-mechanical ventilation
in 2020 were included in the study and were divided
into several groups based on the type of barotrauma
on their lungs. The information and their experiments
were analyzed, and they concluded that the rate of
barotrauma in patients with COVID is higher than in
other patients.

Invasive mechanical ventilation has a lower risk of
barotrauma than noninvasive mechanical ventilation.
Furthermore, the delay in intubating the patient did
not affect reducing lung barotrauma (11).

Due to the different lung injuries, careful monitoring
during the patient’s pulmonary ventilation is
necessary to prevent these complications. Measuring
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transpulmonary pressure, which means the pressure
difference between lung alveoli and pleura, is
suitable for monitoring during ventilation. Since it
is challenging to measure pleural pressure, studies
have shown that measuring esophageal pressure
in patients can be an index of pulmonary pressure.
Therefore, measuring esophageal pressure can be
used in monitoring patients undergoing NIPPV (12-
17). Jones et al, in their study, evaluated subcutaneous
emphysema, pneumomediastinum, and pneumothorax
in critically ill patients with coronavirus disease;
their findings demonstrated that using continuous
positive airway pressure or noninvasive ventilation
predisposes patients to barotrauma. Accordingly,
they suggested that determining whether high-minute
ventilation while using continuous positive airway
pressure or noninvasive ventilation predisposes
patients to barotrauma requires further investigation
(18).

According to the above issues, it seems crucial
to monitor these patients’ pulmonary pressure to
prevent lung damage and reduce the mortality of
these patients. Since the devices created to measure
intraesophageal pressure are expensive, patients
with COVID-19, especially hospitalized patients in
the intensive care unit, face high costs (14,19,20).
Therefore, we decided to conduct this research with
a simple and innovative method to help manage
patients with COVID under NIPPV.

Materials and Methods

The present study is a single-blinded parallel clinical
trial (Ethics code: IR.AJAUMS.REC.1400.305,
IRCT: IRCT20200612047740N4) conducted on
patients with COVID19 hospitalized in the ICU wards
of Imam Reza Hospital in Tehran in 2021 and 2022.
The statistical population was the patients with
COVID-19 hospitalized in the intensive care unit of
Imam Reza Hospital in Tehran for one year, under
noninvasive ventilation with positive pressure. The
patients were included in the study by census method;
approximately 45 individuals were initially estimated
in each group. However, due to the widespread
vaccination in Iran and the reduction of COVID
patients, the number of patients in each group was
reduced to 30.
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Inclusion and exclusion criteria

The inclusion criteria for this clinical trial included
patients with COVID-19 with a positive PCR or CT
scan with a maximum of 30% of lung involvement
who were hospitalized in the intensive care unit,
receiving NIPPV from the BIPAP type, and were
fed through an NG tube. The exclusion criteria were
non-cooperation of the patient and companions
during the investigation, patients with coagulation
disorders (coagulopathy), gastrointestinal bleeding
and hematemesis, nasal septal deviation, history of
fracture, and trauma to the base of the skull.

Intervention design

After entirely explaining the intervention to the
patients and obtaining informed consent, the patients
who met the inclusion criteria were included in
the study and divided into two groups. Patients’
information such as age, gender, and characteristics
was recorded. In the first group, daily while receiving
BIPAP, their NG tube was raised as far as the distance
between the xiphoid and the middle of their sternum
so that the end of the tube was placed in the lower
third of the esophagus. For NG-tube installation, the
distance from the ear tragus to the xiphoid, plus 6
inches, was measured until the end of the tube was
placed at the beginning of the stomach. The end of the
tube was placed in the lower third of the esophagus
by pulling the tube up, and radiography was used
to determine the tube’s location (Figure 1), then the
end of the tube was connected to an air bag through

Pressure bag

the intravenous infusion set. This study utilized a
disposable polyvinyl esophageal suction catheter for
noninvasive ventilation in COVID-19 patients. The
catheter was connected to a disposable blood pressure
transducer and a pressurized system to ensure its
patency and signal stability. To facilitate placement,
a siliconized guide wire was temporarily inserted into
the catheter and bent to match the desired length. The
catheter was first positioned in the stomach and then
withdrawn to the lower third of the esophagus until
the esophageal waveform was confirmed by small
cardiac artifacts and spontaneous inspiratory negative
deflections. The proper position of the catheter was
confirmed through various methods, including chest
X-rays,
esophageal waveform, and equivalent changes in
esophageal and airway pressures during the dynamic
end-expiratory occlusion test maneuver. A ratio close
to unity between esophageal-to-airway pressure
changes validated the technique as an adequate
estimate of pleural surface pressure and confirmed
the proper position of the catheter. This air bag was
connected to the manometer and insufflator through

visualization of cardiac artifacts on the

the intravenous infusion set, the connection between
these three parts was established through a tee, and
each of these parts entered the circuit if required.
First, the air bag was inflated with an inflator, and
then after connecting to the patient’s NG tube, it
was placed in the path of the manometer. Within a
few seconds, the pressure inside the esophagus was
shown on the manometer, and the ventilator was
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Figure 1. A schematic view of the study intervention (14).
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immediately disconnected from the patient’s NG
tube. So that the pressure inside the esophagus does
not lead to the discharge of secretions inside the
esophagus, the patient’s NG tube was placed in the
stomach and washed with normal saline. To prepare
for esophageal measurement, the catheter without
a closed end is cleansed with 3 m/ of air using a
syringe to eliminate any substances at the far end. The
transducer is calibrated to atmospheric pressure.
Since the pressure in the manometer was displayed
based on millimeters of mercury, the numbers were
multiplied by 1.35 to convert to centimeters of water.
The ventilator setting was adjusted based on the
guideline and the measurement of the difference in
lung pressure (difference between alveolar pressure
and intraesophageal pressure) so that there was no
more than 35 to 40 cm of water. If it was more than
this value, the Expiratory Positive Airway Pressure
(EPAP) and Inspiratory Positive Airway Pressure
(IPAP) setting of the ventilator was reduced due to
preventing barotrauma. Daily pressure measurement
was done twice while the patient was in ICU and
under BIPAP, and the ventilator settings were adjusted
accordingly [IPAP 10-16 (max 25) cmH ,0; EPAP 4-6
(max 10) ecmH,0; FiO2 titrated to keep SpO, >92%].
The intervention was ended in case of interruption of
ventilation, intubation, and discharge from the ICU.
The second group was patients who did not have
daily intraesophageal pressure measurements, and
BIPAP settings were set for them through guidelines
[8-10 (and can go up to 24) cmH,O for inhalation
and 2-4 (up to 20) cmH,O for exhalation]. Settings
of ventilators and barotrauma such as emphysema
and pneumothorax, pneumomediastinum, a daily
pulmonary pressure difference of patients, time of
barotrauma for the patient since the start of BIPAP,
patients’ O2sat level, EPAP, IPAP, gavage tolerance
and the degree of patients’ abdominal bloating were
recorded [IPAP 10-16 (max 25) cmH,O; EPAP 4-6
(max 10) cmH ,0; FiO2 titrated to keep SpO, >92%].

Statistical analysis

This study used the Chi-square test to investigate
qualitative variables such as gender. Descriptive
results are presented as number, percent, mean, and
SD (Standard Deviation). Moreover, for quantitative
variables in two groups, an independent t-test was
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used. The results were analyzed by SPSS software
version 23 (IBM Corp., Armonk, New York, USA),
and a p-value <0.05 was considered significant.

Ethical approval

Ethical approval was obtained from the Research
and Ethics Committee (IR.AJAUMS.REC.1400.305)
of the AJA University of Medical Sciences, Tehran,
Iran. The trial was registered in the Iranian Registry of
Clinical Trials (IRCTID: IRCT20200612047740N4)
(Figure 2).

Results

The patients in the present study were divided into
two groups, and the following results were obtained
from the data analysis. The demographic information
of the patients is given in table 1. Men and women
were evenly divided between the two groups, and in
terms of frequency of age and sex, they had a uniform
distribution. There was no significant difference
between them (p=0.297).

Comparing the groups in terms of pulmonary
barotrauma, none of the patients in the intervention
group (EP) suffered barotrauma. In contrast, ten
patients
Pressure (nEP) suffered barotrauma, which was
of the subcutaneous emphysema type. The rate of
pulmonary barotrauma in the intervention group was
lower than in the control group. The variables such as
bloating and gavage tolerance show less bloating and
better gavage tolerance in the intervention group. The
average intraesophageal pressure was 24.176+2.46
cmH,0 (normal range: 17.5+5.7 ¢mH,0 at end-
expiration and 21.2+7.7 ¢mH,O at end-inhalation).
The mean length of ICU stay was 12.04+4.11 days in
the esophageal pressure monitoring group, and in the
non-esophageal pressure group, it was 15.65+6.72.
When comparing both groups, patients without
esophageal pressure monitoring had a high rate of
pulmonary barotrauma and significantly more stay in
the ICU (p=0.001) (Table 2).

The mean blood oxygen saturation percentage in
the intervention group was 87.33+£3.36, which was
lower than the control group (89.464+2.59). BIPAP
ventilator settings in two groups are presented in table
3. Respiratory rate and EPAP were not significantly
different between the two groups. However, IPAP was

in the control group non-Esophageal
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Assessed for eligibility (n=60)

[ Enrollment ]

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)

+ Other reasons (n=0)

\ 4

Randomized (n=60)

!

A 4

[ Allocation ]

\4

Allocated to intervention (n= 30)

+ Received allocated intervention (n=30)

«+ Did not receive allocated intervention (give
reasons) (n=0)

Allocated to intervention (n=30)

+ Received allocated intervention (n=30)

+ Did not receive allocated intervention (give
reasons) (n=0)

[ Follow-Up ]

A 4

Lost to follow-up (give reasons) (n= 30)

Discontinued intervention (give reasons) (n= 0)

A 4

Lost to follow-up (give reasons) (n=30)

Discontinued intervention (give reasons) (n=0)

[ Analysis

)

Analyzed (n= 30)
+ Excluded from analysis (give reasons) (n=0)

Analyzed (n=30)
+ Excluded from analysis (give reasons) (n=0)

Figure 2. The study flow diagram.

Table 1. The demographic information of the patients

Variables

Esophageal pressure

Male 12(40%)
Sex *

Female 18(60%)
Age ** 51.3(£8)
BMI ** 28.43(+4.51)
Smoking ** 30

Pa0,/Fi0, ** (mmHg) 162465(61-375)

PaCO, (cmH,0) ** 50+13(31-88)
Diabetic/Non-Diabetic ** 22/8
Total 30

* Chi-square test. ** T-test. + Standard Deviation. BMI: Body Mass Index.

Groups

Total p-value

Non-esophageal pressure

16(53.33%) 28
0.267

14(46.67%) 32
50.2(+9.9) - 0.494
28.24(+3.22) - 0.311
30 60 0.178

177+69(61-375) - -
53+11(30-82) - -
24/6 - -

30 60 =
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Table 2. Comparing the groups in terms of pulmonary barotrauma, gavage intolerance, and abdominal blowing

Groups
Variables

Esophageal pressure

Non-esophageal pressure
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Yes 0(0%) 10(33.33%)

Baro-trauma * <0.001
No 30(100%) 20(66.66%)
Yes 24(80%) 17(56.66%)

Gavage intolerance * <0.001
No 6(20%) 13(43.33%)
Yes 4(13.33%) 13(43.33%)

Abdominal blowing * <0.001
No 26(86.66%) 17(56.66%)

Length of stay in ICU (days) 12.04+4.11 15.65+6.72 <0.001

* T-test.

Table 3. BIPAP ventilator settings in two groups

Variables

Groups

Esophageal pressure

Blood oxygenation * 87.33 (£3.36)

Respiratory rate * 19.36 (+1.99)
IPAP * 14.86 (£.73)

EPAP* 5 (+.00)

Non-esophageal pressure

89.46 (+2.59) 0.243
19.2 (+.84) 0.314
16.53 (+1.59) <0.001
5.43 (+.56) <0.001

*Independent samples t-test. Expiratory Positive Airway Pressure (EPAP), Inspiratory Positive Airway Pressure (IPAP).

higher in the control group than in the intervention
group.

Discussion

Intraesophageal pressure is an indicator of pleural
pressure that can be measured more conveniently
and less invasive way. Respiratory failure can lead
to mortality and morbidity in various conditions,
including COVID disease. In respiratory failure,
invasive and noninvasive methods improve oxygen
supply to tissues. One of the noninvasive methods
is BIPAP. One of the side effects of this method
is pulmonary barotrauma. Studies have shown
that measuring pleural pressure more simply and
conveniently, such as measuring intracsophageal
pressure, can reduce pulmonary barotrauma. Since
there is a higher possibility of barotrauma and
lung damage during ventilation in patients with
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COVID-19, the present study was conducted to
measure intraesophageal pressure to prevent lung
barotrauma in COVID-19 patients (11,15,16).

In a study conducted in 2006 by Daniel Talmor et
al, the results demonstrated that the measurement
of intraesophageal pressure could show the degree
of lung tension and was recommended as a method
to be used alongside ventilation to reduce lung
injuries (15). In 2020, Massion et a/, by inventing
a new open-ended way in patients with COVID-19
under invasive ventilation with a ventilator, showed
the proportionality of intraesophageal pressure
with pulmonary pressure, which can be effective in
mechanical ventilation of patients and prevention of
barotrauma (14). The results of these studies were
consistent with the present study’s findings.

In a study conducted by Hamori et a/ in 2021,
retrospectively, underwent

individuals  who
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non-mechanical ventilation in 2020 were included
in the study and divided into several groups based
on the type of barotrauma on their lungs, the data
and their experiments were analyzed, and they
concluded that the rate of barotrauma in patients with
COVID-19 is higher than other patients. In addition,
invasive mechanical ventilation had a lower risk of
barotrauma than noninvasive mechanical ventilation.
Furthermore, the delay in intubating the patient did
not affect reducing lung barotrauma (11). In Jones et
al’s study of 83 admissions with coronavirus disease
in 2019, eight suffered barotrauma (occurrence
rate 9.6%; 95%CI 4.3-18.1%). Barotrauma cases
had longer illness duration prior to critical care
admission (10 vs. 7 d; interquartile range, 8—14 and
6-10, respectively; p=0.073) and were more often
treated with continuous positive airway pressure
or noninvasive ventilation as the initial modality
of advanced respiratory support (87.5% vs. 36.0%;
p=0.007). Compared with the non-barotrauma group,
a higher proportion of patients with barotrauma had
died (62.5% vs. 43.2%) (18).

In contrast to the present investigation, Beitler et
al, in their clinical trial, compared the effect of
Titrating Positive End-Expiratory Pressure (PEEP)
with an esophageal pressure—guided strategy vs. an
empirical high PEEP-Fio2 strategy on death and days
free from mechanical ventilation among patients
with acute respiratory distress syndrome. Their trial
demonstrated that among patients with moderate-
to-severe ARDS, PES-guided PEEP, compared with
empirical high PEEP-Fio2, resulted in no significant
difference in death and days free from mechanical
ventilation. Moreover, these findings do not support
PES-guided PEEP titration in ARDS. Furthermore,
this method is not recommended in acute lung failure
patients under mechanical ventilation (17).

The analysis of the results of our study illustrated that
significantly, based on the crosstabs test, the incidence
of pulmonary barotrauma, including subcutaneous
emphysema, was lower in the intervention group than
in the control group, thus pulmonary barotrauma did
not occur in all the individuals in the intervention
group, which shows the effect of intraesophageal
pressure measurement on reducing lung tension and
thus reducing lung damage. The t-test indicated that
the average blood oxygen level in the control group

was higher than in the intervention group. However,
there was no significant difference between these
two groups (89.46 compared to 87.33). However,
in Hamouri’s study, interestingly, the group who
developed PBT was younger and had fewer
comorbidities. Excluding the higher prevalence of
DM and better PO,/FIO, ratio observed in the NPBT
group, no significant difference was observed in the
other factors between the two groups to predict the
risk of developing PBT in patients receiving PPV
(11). A lower PO/FIO, ratio usually indicates a
greater extent of lung injury. Also, many studies have
well-described diabetes mellitus as a risk factor for
developing severe pneumonia in COVID-19-infected
patients (21-23). Our clinical trial excluded diabetic
patients and other systemic diseases.

Also, the t-test demonstrated that EPAP and RR
were not significantly different in the two groups.
However, the average IPAP in the control group was
1.67 units higher than the intervention group. The
average intraesophageal pressure in the intervention
group was 24.176, less than the risk threshold for
lung barotrauma.

Analysis of variables such as abdominal bloating
and gavage tolerance with the crosstabs test showed
less bloating and better gavage tolerance in the
intervention group compared to the control group.
Finally, we need an intelligent healthcare system,
secure intensive care, and evidence-based medicine
to achieve the best outcome for these patients (24,25).

Conclusion

Measuring intraecsophageal pressure to adjust BIPAP
can reduce the incidence of pulmonary barotrauma
and not significantly reduce the amount of oxygen
delivery and oxygen saturation level of the patients.

Data availability

All relevant data are included in the study. Additional
information is available from the corresponding
author on reasonable request.

Protocol

This single-blinded parallel clinical trial (ethics
code: IR.AJAUMS.REC.1400.305, IRCT: IRCT
20200612047740N4) was conducted on patients with
COVID-19 hospitalized in the ICU wards of Imam
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