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ABSTRACT

Introduction: Mechanical ventilation is essential for advanced life support, however, if conducted
improperly, it can damage the lungs. Parameters such as driving pressure (DP) and mechanical power (MP)
are important measurements that help to reduce ventilator-induced lung injuries (VILI).

Objective: To verify if the adjusted parameters in the intensive care units (ICU) in an emergency hospital,
were within the recommended by the literature, and verify the patient's outcomes.

Methods: Cross-sectional study of individuals admitted to the ICUs of an emergency hospital. Data
regarding hospitalization, vital signs and ventilatory parameters were collected.

Results: 99 individuals were studied, 71% male. Only 8.1% of the DP values were high (greater than 15
cmH20). The MP, in 21.2% of the patients, was above 17)/min. The main outcome observed in the sample
was the mortality rate of 63.8%. SpO2 values were above 95% in 64.6% of the evaluations.

Conclusion: In some situations, ventilatory parameters were adjusted in a non-protective way according
to the scientific literature (8.1% increased DP and 21.2% increased MP). SpO2 values were frequently high,
which is directly related to VILI. Such findings may be associated with the mortality in the studied population.
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INTRODUCTION

Mechanical ventilation is an indispensable strategy for advanced life support; however,
if conducted improperly, it can damage the lungs, leading to a process known as ventilator-
induced lung injury (VILI). The physical mechanisms contributing to lung injury are increasingly
well understood.’

These mechanisms include exposure to high transpulmonary inflation pressures, alveolar
overdistension, and/or repetitive opening and closing of alveoli. In addition to direct lung
damage, these mechanical forces can trigger a complex cascade of inflammatory mediators,
resulting in local and systemic inflammatory responses (biotrauma), causing injuries to non-
pulmonary organs?. This can lead to dysfunction of multiple organ systems and, potentially,
patient mortality.2

The primary mechanical determinant of VILI is pulmonary overdistension due to high
transpulmonary pressure, causing the lung to exceed its resting volume3+. Lower tidal volumes,
lower driving pressure (DP), lower plateau pressure (Pplat), and appropriate positive end-
expiratory pressure (PEEP) are indicated to reduce mechanical stresses imposed on inflamed
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lung tissues, contributing to an effective lung protective strategy.’

Based on basicthermodynamic principles, lunginjury is attributed to a rate of energy transfer
(mechanical power) from the ventilator to the patient. This energy dissipation within the lungs
can lead to the production of heat, inflammation, and disruptive deformation of cells and the
extracellular matrix.>® The measurement of these mechanical stresses can be performed using
the predictive equations for driving pressure (DP) and mechanical power (MP).”

Driving pressure (DP) can be routinely calculated in patients who are not making inspiratory
efforts by subtracting PEEP from Pplat,® recommending values <15 cmH20. The easy bedside
application also makes it possible to calculate mechanical power (MP), in which the formula
basically involves tidal volume (TV), peak pressure, DP, and respiratory rate (RR). The result of
the equation is given in joules per minute. Studies suggest values below 17 J/min, but the idea
is to use as little energy as possible, as higher values are also strongly related to mortality.”?

The main factor motivating the study is to raise awareness that the primary mission of the
professional’s approach should be: not to cause and/or exacerbate harm to the patient, as
the intubation procedure itself already makes them vulnerable. The approach to mechanical
ventilation (MV) should provide life support while minimizing unwanted toxicity, preventing
sentinel events during intervention, and ensuring patient safety.’ Therefore, the objective of
this study was to verify whether the parameters adjusted in the intensive care units (ICUs) of
an emergency hospital in the state of Goids were within the recommendations of the literature,
as well as the hospital outcomes of the sample.

METHODS

This is a cross-sectional observational study. With CAAE registration: 53496621.5.0000.0033, it
was approved by the Research Ethics Committee of Hospital de Urgéncias de Goias, Dr. Valdemiro
Cruz (HUGO), under opinion number 5.409.088, in accordance with resolution 466/12 of the
National Council of Research Ethics involving human beings.

Patients aged 18 years or older, admitted to the ICUs, receiving invasive ventilatory support
in controlled mode, and whose guardians agreed to sign the informed consent form (ICF) were
included. Asynchronous patients and those in spontaneous mode were excluded from the study.

AfterthelCFwassigned bythe guardian, personal data, medical history, diagnostichypothesis,
vital signs, peripheral oxygen saturation, and length of hospital stay of the patients were
collected. The ventilatory parameters collected included tidal volume (TV), inspiratory pressure,
PEEP, inspiratory time, peak pressure, Fraction of Inspired Oxygen (FiO2), spontaneous and
set respiratory rate (RR), static lung compliance (CStat), driving pressure (DP), and mechanical
power (MP). All data were recorded on an evaluation form prepared by the authors.

The data were categorized and tabulated in a spreadsheet using Microsoft Excel 2010 and
then analyzed using the statistical software Statistical Package for Social Science, version 26.0.
For the analysis of categorical variables, absolute frequency and relative frequency were used,
and for continuous variables, mean and standard deviation were used. Tidal volume (TV) values
were compared to predicted values using Student's t-test. The significance level adopted was
5% (p < 0.05).

RESULTS
Ninety-nine patients were included in the studies, with the sample being predominantly
male, consisting of 74 men and 25 women. Table 1 describes the characterization of the sample.
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Table 1. Characterization of the sample regarding age, height, predicted weight, and vital signs.
DP (Standard Deviation); HR (Heart Rate); RR (Respiratory Rate); SpO2 (Peripheral Oxygen Saturation); MV (Me-
chanical Ventilation); Source: Prepared by the authors.

Mean +/- Standard deviation Minimum Maximum

Age 55.7+18.7 18.00 91.00

Height 1.7+0.08 1.58 1.88

Predicted weight 172+6.2 3.00 21.00

HR 108 £4.0 2.00 14.00

RR 13.8+0.5 12.00 14.00

Sp0O2 209+04 18.00 21.00

Length of hospital stay 179+138 1.00 62.00

Duration of Mechanical

o +

Ventilation (MV) 156x11.5 1.00 55.00

Considering the ventilatory prosthesis, 55% used endotracheal tubes and 45% used
tracheostomy. Regarding the assessment of oxygen saturation, we recorded 64.6% above 95%,
which is associated with hyperoxia, and 3.0% below 88%, which is associated with hypoxia. The
SpO2 values were around 95+5%. Table 2 describes the main ventilatory parameters adjusted
and measured during mechanical ventilation.

Table 2. Ventilatory parameters
Oxygen); VC (Tidal Volume); DP (Driving Pressure); MP (Mechanical Power); Source: Prepared by the authors.

Mean + Standard deviation Minimum  Maximum
PEEP 75+1.5 5.00 13.00
FIO: 359+20.8 21.00 100.00
VC 400.7 + 83.7 197.0 573.0
DP 1047 +32 5.00 25.00
MP 13.77+5.3 5.00 34.00

The predominant ventilatory mode used was Pressure Control (79%), followed by Volume
Control (21%). Regarding variables related to lung injury, only 8.1% of the DP values were high
(above 15 cmH20). The DP found was 10.4+3.2 cmH20. In 21.2% of the patients, the MP was
above 17 J/min, which is associated with LPIV

The static lung compliance (Cstat) was 19.4+5.3 ml/cmH20, which is considered very low. The
respiratory rate (RR) found during mechanical ventilation was 21.2+3.6 breaths per minute. The
tidal volume (TV) values did not show a significant difference when compared to the predicted
tidal volume of 6 ml/kg (observed TV: 400.7+83.7 ml vs. predicted TV: 397.2+51.3 ml, p: 0.68).
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Table 3. Hospital Outcomes
Legend: ICU (Intensive Care Unit); TQT (Tracheostomy); Source: Prepared by the authors.

Outcome %
Extubation and ICU Discharge 14,90%
Death 63,80%
TQT 21,30%

Table 3 shows the hospital outcomes of the sample. It is noted that 63.8% of the sample
progressed to death, 21.3% of the sample required a tracheostomy instead of direct extubation,
and only 14.9% were discharged from the ICU.

DISCUSSION

The majority of the sample in this study was composed of men, accounting for 74.7%, and
most had been on mechanical ventilation for more than seven days. This result can be explained
by the fact that the research was conducted in an emergency and trauma hospital where the
male population constitutes the majority of the patients served. These findings are consistent
with data present in the literature™.

It is known that tidal volume (TV) and driving pressure (DP) can impact the development of
lung parenchymal injury by ventilation (LPIV) in patients with acute respiratory distress syndrome
(ARDS)’®. Other studies have sought to identify the relationship between driving pressure (DP)
and in-hospital mortality in populations without acute respiratory distress syndrome (ARDS)". In
the study by Silveira Junior, Cardoso e Rieder' the values of driving pressure (DP) and mechanical
power (MP) were not associated with mortality in trauma patients without ARDS.

Other ventilatory parameters, such as respiratory rate, can also contribute to tissue damage.
Measurements of tidal volume (TV) and driving pressure (DP) do not account for the effect of
respiratoryrate on the developmentof lung parenchymalinjury by ventilation (LPIV). By calculating
mechanical power (MP), it is possible to account for flow and respiratory rate, in addition to tidal
volume and DP, representing the energy applied to the respiratory system'2,

Amato®and his research group demonstrated that the indiscriminate use of pressures causes
deleterious effects and results in increased mortality. They showed that in the group where PEEP
was maintained and DP values were increased (exceeding protective limits), there was a marked
increase in mortality. In the group where both PEEP and DP were simultaneously increased, as
long as DP values were controlled, mortality did not increase. Finally, in the group where PEEP
was increased but DP was maintained and/or decreased, mortality decreased as long as PEEP
remained above a certain value.®

In the current study, 8.1% of patients had a driving pressure (DP) higher than recommended
by the literature (above 15 cmH20), and 21.2% showed a mechanical power (MP) exceeding
17 J/min. Additionally, the tidal volume (TV) was in accordance with the predicted weight of the
patients. However, despite most parameters being aligned with literature recommendations,
63.8% of the sample had death as the hospital outcome.

Factors such as advanced age, tracheostomy,'® care by the healthcare team, and the structure
and number of patients admitted to the ICU may be associated with mortality." Additionally,
individuals undergoing invasive mechanical ventilation (IMV) are believed to have a worse
prognosis, including higher mortality rates and longer ICU stays." All patients in this study were on
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IMV, which may partly explain the high mortality rate found in the sample. However, investigating
the risk factors associated with mortality was not the focus of this research. Severe patients who
require IMV, such as those with acute neurological conditions, can have mortality rates around
33%'"8, Our study revealed a mortality rate significantly higher than this, which should prompt
the hospital service to investigate the reasons for such an outcome. We hope that this finding
encourages reflection among healthcare professionals in this regard.

Another important finding was that 64.6% of the sample exhibited hyperoxia. Although oxygen
is essential for cellular respiration, excessive amounts lead to the production of reactive oxygen
species, causing cellular damage and death. On the other hand, hyperoxia is not easily detected
by pulse oximetry, which can result in significant discrepancies between SpO2 and arterial oxygen
pressure (Pa0O2). Therefore, caution is needed when determining the ideal oxygen dosage using
SpO2 records, and it is important to confirm with arterial blood gas analysis.”

Observational studies indicate that both high and low PaO2 levels are associated with mortality
in critically ill patients.2"?3 In the review by Damiani et al** an association was observed between
arterial hyperoxia and increased hospital mortality in critically ill patients with diagnoses such
as stroke, traumatic brain injury, and post-cardiac arrest, clinical profiles similar to those in the
present study. However, the authors caution that these data should be interpreted carefully due
to the heterogeneity of criteria used to define exposure to hyperoxia.

Despite the findings contributing to future studies, this research had some limitations. The
heterogeneity of the sample, as well as its size, were notable limitations. Additionally, the study's
objective was to verify whether the parameters were in accordance with the literature, providing
a more descriptive rather than inferential analysis.

CONCLUSION

In some situations, the ventilatory parameters were adjusted in a non-protective manner
according to the scientific literature (8.1% with increased DP and 21.2% with increased MP).
Mortality was observed in 63.8% of the sample. SpO2 values were above 95% in 64.6% of the
assessments, which is directly related to LPIV. These findings may be associated with higher
mortality in the studied population.
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