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ABSTRACT:

Background: Critically ill patients relying on mechanical ventilation often re-
quire excessive sedation, aiming to address asynchrony and prevent ventila-
tor-induced lung injury (VILI). Unintentionally, there may be more suppression
of respiratory efforts. It is well-established that improper respiratory efforts
during mechanical ventilation can cause unfavorable outcomes.

Methods: Researchers conducted a single-center randomized control trial,
parallel 2 groups (1:1 ratio), with 164 participants. One intervention group em-
ployed the optimal respiratory effort (predicted AP, P ), and the other control
group, employed usual care to guide the adjustment of sedative levels.

Hypothesis: To compare 28-day ventilator-free day (VFD) and mortality be-
tween measuring respiratory effort as opposed to usual care and adjusting
sedative level during mechanical ventilation.

Conclusions: This study will evaluate the disparity in 28-day VFD and mortality
between sedative level guidance by respiratory effort and usual care.

Ethics and dissemination: The study protocol received approval from the Hu-
man Research Ethics Committee, Faculty of Medicine Ramathibodi Hospital,
Mabhidol University (COA No. MURA2023/642)

Trial registration: NCT06242236

Keywords: Respiratory effort; Acute respiratory distress syndrome; Dynamic
transpulmonary driving pressure swing; Sedation protocol
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INTRODUCTION

Encountering excessive respiratory effort despite the use
of more assisted mechanical ventilation is a frequent oc-
currence among critically ill patients, particularly in in-
tensive care units (ICUs). This high degree of respirato-
ry effort results in numerous patients requiring sedative
drugs, including neuromuscular blocking agents (NMB).
Furthermore, current research has revealed more adverse
effects from overused sedation. The interesting thing is
that the effect of improper respiratory effort also has more
negative ICU outcomes, as will be discussed further.

In critically ill patients, various factors can stimulate
an increase in respiratory drive and effort. A study by
Mauricio Orozco-Levi and colleagues[1] reported on the
impact of excessive respiratory effort. Using electron mi-
croscopy of the diaphragm muscle, they identified inju-
ries to the sarcomeres in patients with chronic obstructive
airway disease (COPD). The severity of these injuries was
correlated with the degree of obstruction and the sudden
increase in inspiratory loading. This phenomenon was
explained by the occurrence of high-intensity inspiratory
loading.

Consistent with Scott et al.[2], who conducted a com-
parative study using light microscopy of the diaphragm
and respiratory muscle in post-mortem bodies from in-
dividuals with airway obstruction compared to normal
individuals, they observed muscle death, accumulation of
disorganized layers, and collagen in the diaphragm, along
with dispersed and unevenly distributed cytoplasm. Ad-
ditionally, there was an accumulation of lipofuscin and
features of hypereosinophilia in lung lavage.

Another condition of lung injury inflicted by the ex-
cessive effort of patients themselves during mechanical
ventilation is known as patient self-inflicted lung injury
(P-SILI). This theory was first discussed by Leo Lobe in
1928[3], emphasizing the importance of increased nega-
tive intrathoracic pressure during inhalation, which may
lead to the movement of fluid from the pulmonary capil-
laries into the alveoli, causing pulmonary edema. This is
supported by the observational reports of Moore and Bin-
ger [4], who state that significant negative pressure during
inhalation in patients with obstructed airways may result
in pulmonary edema. In 1936, Barach et al. [5] confirmed
this hypothesis. Subsequent studies, including those by
Dreyfuss and Mascheroni in 1988 [6,7], further support-
ed this phenomenon. These findings align with those of
Yoshida and colleagues [8], suggesting that it may be ex-
plained by an increase in transpulmonary pressure (P,)
and the occurrence of the pendelluft phenomenon [9].
Additionally, patient-ventilator asynchrony (PVA) may
also aggravate lung injury.

Simultaneously, insufficient effort can adversely affect
the diaphragm and lung function. In 30 percent of patients
using mechanical ventilators, there is a development of
thinning in the diaphragm muscles, leading to difficulties
in the weaning process and requiring prolonged ventila-
tor support. This aligns with the research by Goligher et
al.[10], which suggests that changes in diaphragm muscle
thickness measured by the diaphragm thickness fraction

KEY MESSAGES:

« Researchers introduce a novel protocol for
sedation adjustment aimed at "lung and dia-
phragm protective sedation protocol’, which
utilizes personalized sedation levels based on a
patient's respiratory effort.

« Using a proper level of respiratory effort
during mechanical ventilators may be the opti-
mal choice for sedation guidance aiming to im-
prove clinical outcomes.

» Minimizing and reasonable sedative use re-
duces the duration of ventilator dependency and
ventilator-associated complications.

method, decreasing by more than 10 percent in the first
week of intubation, are associated with a prolonged du-
ration of mechanical ventilation, increased bed occupan-
cy time in ICUs, and higher complications from various
treatments.

The study's conclusion also indicates that an appropri-
ate change in diaphragm muscle thickness fraction, rang-
ing from 15-30 percent in the initial 3 days, correlates
with the shortest duration of mechanical ventilation.
Therefore, monitoring respiratory effort during assisted
ventilation is crucial to finding a balancing point, aiming
to adjust the proper respiratory effort level that is neither
excessive nor insufficient. This may be related to appro-
priately adjusting sedative dosages and optimizing me-
chanical ventilators.

A widely used method to assess patient conscious-
ness is the Richmond Agitation-Sedation Scale (RASS)
[11]. This scale assigns scores ranging from -5 to +4, with
the target range being -1 to 0 for critically ill patients
requiring mechanical ventilation and sedative drug ad-
justment. Research on RASS in mechanical ventilation
patients [12] has shown that using RASS for sedative
dosage adjustments, compared to not using it, results in a
significantly reduced duration of mechanical ventilation.
Additionally, the assessment outcomes are comparable
to the Bispectral Index (BIS) when evaluating sedative
drug administration in mechanically ventilated critically
ill patients. However, the latest study by Dzierba AL et
al. [13] reported a lack of correlation between RASS and
variables measuring respiratory effort parameters.

The measurement of respiratory effort can be con-
ducted using various methods. Researchers introduce an
airway occlusion pressure (AP ), which is particularly
interesting in measuring because it can be easily assessed
at the bedside and used to calculate the pressure gen-
erated by respiratory muscles (P ) and predicted AP,.
Previous studies have demonstrated a strong correlation
between AP and the pressure-time product of P_ per
breath (PTP_ ), considered a gold standard according to
the study by Bertoni et al.[14]



Physiological studies [15] have suggested suitable val-
ues to prevent lung and diaphragmatic injuries, as well
as avoiding disuse atrophy. These values include P be-
tween 5-10 cmH,0, AP < 15 cmH,O, P, between 1.5-
3.5 cmH,0, and predicted AP, <20 cmH,0O. Unpublished
research by Phruet et al., 2023, investigated the clinical
impact of these respiratory effort values. They found that
a predicted AP, > 20 cmH, O significantly affected 28-day
VED (P=0.002) and 28-day mortality (OR 8.52, 95% CI
1.45-49.93, P=0.018). Given these findings, the research-
ers hypothesized that adjusting medication doses based
on respiratory effort may provide greater benefits to pa-
tients compared to usual care.

OBJECTIVES

Primary objective

The primary objective was to compare the number of
ventilator-free days at 28 days between the intervention
group, which used respiratory effort to guide sedative lev-
els, and the usual care group.

Secondary objective

The secondary objective encompassed comparing 28-day
mortality, duration of mechanical ventilation, duration of
ICU stay, duration of hospital stay, in-hospital mortali-
ty, assessing respiratory effort levels and BIS correlation,
evaluating treatment complications, and measuring cu-
mulative sedative drug administration at 48 hours and 1
week between both groups.

MATERIALS AND METHODS

Study design

This single-center, analytical randomized controlled tri-
al was conducted between October 2023 and October
2025. The study protocol received approval from the
Human Research Ethics Committee, Faculty of Medi-
cine Ramathibodi Hospital, Mahidol University (COA
No. MURA2023/642) and was registered internationally
(ClinicalTrials.gov Identifier: NCT06242236).

Participants

Researchers enrolled acute respiratory failure patients re-
quiring mechanical ventilation, who were hospitalized in
both medical and surgical ICUs at Ramathibodi Hospital,
Mahidol University. In total, 164 participants were en-
rolled, with 82 participants allocated to each group, con-
sidering an estimated 5% data loss error.

The inclusion criteria were as follows: 1) acute respira-
tory failure patients requiring mechanical ventilation; 2)
P/F ratio above 150; 3) age between 18-75 years old. The
exclusion criteria included no informed consent, a history
of prior hospitalization within the last month, reintuba-
tion in the same admission, pregnancy, end-stage cancer/
illness, acute myocardial ischemia, and cerebral ischemia
within 1 month before enrollment, active neuropsychi-
atric conditions, comatose status, status epilepticus, un-
controlled thyroid disease, severe ARDS with uncorrected
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hypoxia (P/F ratio below 150, requiring prone position-
ing or extracorporeal membrane oxygenation (ECMO),
requiring neuromuscular blocking agent), post-thorac-
ic and abdominal surgery, or requiring intercostal tube
drainage. Patients who were extubated before 48 hours
after enrollment will be excluded, as they do not exhibit
the full effort over 48 hours on mechanical ventilation.
This could introduce confounding factors unrelated to the
effort-guided strategy.

All participants were recorded with demographic data,
vital signs, SOFA score, APACHE II score, comorbidity,
acute respiratory failure etiologies, history of smoking,
ICU arrival date/time, intubation date/time, chest radio-
graphic characteristics, fundamental laboratory data, and
gas exchange. The patients were ventilated with a Hamil-
ton or Puritan Bennett ventilator with a built-in negative
inspiratory pressure function. The ventilator was set in
volume-controlled ventilation (VCV) mode for the entire
48 hours of the study. The peak inspiratory flow rate, in-
spiratory time, inspiratory flow wave pattern, airway pres-
sure, minute ventilation, tidal volume (Vt) per kg, posi-
tive end-expiratory pressure (PEEP), and driving pressure
were recorded. Respiratory mechanics were recorded to
describe their properties, including measurements of air-
way resistance and respiratory system compliance. Gas
exchange parameters, such as the P/F ratio, were also re-
corded.

Randomization and allocation concealment

The randomization involves creating equally distributed
tokens for both groups, Eligible patients were randomly
assigned in a 1:1 ratio to either respiratory effort guidance
the sedative level during mechanical ventilator (inter-
vention group) or usual care guidance the sedative level
during mechanical ventilator (control group), with a to-
tal of 164 participants to be included in the study from
5 ICUs and 82 participants per arm. A 3-digit random-
ization number will be generated. This randomization
number will be reported on the CRF. A copy of the ran-
domization list will be sent to the Human Research Ethics
Committee, Faculty of Medicine, Ramathibodi Hospital,
Mahidol University.

To minimize selection and confounding biases, re-
searchers implemented allocation concealment through
the following steps: First, researchers performed 164 piec-
es of black paper, which documented the label of 82 pieces
of paper for the intervention participant and 82 pieces of
paper for the control participant. Secondly, researchers
placed these labeled black papers in sealed letters. Thirdly,
these letters were placed in a blinded random box for the
randomization process and kept with a third party unin-
volved in the trial. Fourthly, upon confirming the eligi-
bility of each participant, the investigator called the third
party to draw a sealed letter to identify which group the
participant belonged to. Finally, in the identification pro-
cess, participants were assigned as an intervention group
or control group according to the concealment letter doc-
ument, which was ongoing during the process until the
final analysis.
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Following the enrollment of participants (acute respi-
ratory failure requiring mechanical ventilation and seda-
tion), the investigators proceeded to randomize partici-
pants into two groups. The intervention group, employed
the optimal respiratory effort parameters (predicted AP,
P ) to guide the adjustment of sedative levels. The con-
trol group employed usual care to guide the adjustment of
sedative levels.

Study protocol

After a patient was determined to be eligible, a stabili-
zation period within 24 hours was mandated after intu-
bation, and sedations were given. Inclusion in the study
was confirmed only at the end of this period, as shown in
Figure 1. Randomization and allocation were performed
by a third party, ensuring impartiality. Standard ICU beds
were used for all participants.

Intervention group

Patients assigned to the intervention group underwent as-
sessments of respiratory effort through P and predicted
AP, within the initial hour post-randomization, and sub-
sequently at least every 8 hours in serial records. Sedative
levels for these patients were guided by optimal respirato-
ry effort, with P | ranging from -1.5 to -3.5 cmH,O and a
predicted AP, less than 20 cmH,O. Participating centers
were provided with guidelines for adjusting sedative levels
to ensure uniformity in sedative administration.

Control group

Patients assigned to the control group underwent assess-
ments of their usual care through an investigator, attend-
ing doctor, or nurse adjustment. All control patients used
the RASS score (the RASS targeted was 0 to -1) to adjust

the sedative level at least every 8 hours as a basic proto-
col. However, some attending doctors needed to use BIS
monitoring for difficult-to-observe patients for greater
accuracy and precision. In cases of ventilator asynchro-
ny despite adequate RASS suppression, the doctor was
allowed to adjust the sedation as needed. This approach
ensures comparability with real practice in usual care
patterns. based on the same sedation protocol and prac-
titioner schedule in all ICUs as the intervention sedation
protocol within the initial hour post-randomization, and
subsequently at least every 8 hours in the same way. Sed-
ative levels for these patients were guided by usual care.
Also, the respiratory effort parameters in this group were
collected for analysis together.

Configuring ventilator settings upon partici-
pants’ enrollment in the research involves the
following steps:

Selecting the ventilator mode as volume assist—control,
adjusting initial Vt to 6-8 ml/kg of predicted body weight,
setting the plateau pressure to <32 cmH,O and the driv-
ing pressure to <15 cmH, O, establishing the oxygenation
goal as PaO, 55-80 mmHg or SpO, 88-95%, fine-tuning
positive end-expiratory pressure (PEEP) to optimize ox-
ygen delivery based on the best lung compliance or using
a FiO, and PEEP table, employing incremental/decre-
mental PEEP titration, or utilizing P, with an esophageal
balloon in cases of impaired chest wall compliance. Addi-
tionally, setting the pH goal for arterial blood gas within
the range of 7.20-7.45.

In the event that, following the initiation of mechan-
ical ventilation, the plateau pressure persists above 32
cmH,O for a minimum of 10 minutes, the attending
physician should contemplate the following measures:

Eligible Data collection > ]

24 hours after intubation

The randomization
involves creating equally
distributed tokens for
parallel groups
(1:1 ratio) ; the

investigator phoned the

third party to draw lots

of sealed letters from a

random box to identify
the group

Give them
a pre-sedative regimen

The sedative level was adjusted during 48 hours

The sedative level was adjusted following by strict protocol regimen during the first 48 hours |

Analysis team

| |

-\

Figure 1. This protocol diagram illustrates the flow of participants through the study. It begins with eligibility screen-
ing, followed by concealed randomization to either the intervention or control arm. After randomization, participants
receive sedation adjustments based on their assigned group (intervention-guided or usual care). The data was collected

and statistical analysis was performed by analysis team.



First, consider a 25-50% increase in sedative dosage if the
anticipated change in dynamic-transpulmonary pressure
swing (predicted AP|) exceeds 20 cmH,O or the P | ex-
ceeds 3.5 cmH,O. Secondly, gradually reduce Vt by 2 ml/
kg or contemplate a decrement in PEEP using a titration
of 2 cmH,O, ensuring compliance and oxygenation goals
(PaO, 55-80 mmHg or SpO, 88-95%) are not significant-
ly compromised. Thirdly, if there is a potential risk of
elevated abdominal pressure or compromised chest wall
compliance, as seen in cases of obesity, chest wall restric-
tions, circumferential chest wall burns, or kyphoscoliosis,
consider the use of an esophageal balloon for PEEP titra-
tion guidance. Utilize an end-inspiration transpulmonary
pressure limit of <25 cmH, O instead of a plateau pressure
exceeding 32 cmH O to mitigate the risk of VILL

In situations where PaCO, levels are notably elevated
beyond 60 in conjunction with an ABG pH below 7.20,
take the following actions: Attach a Y-piece to the endo-
tracheal tube or temporarily disconnect the endotracheal
tube from the ventilator to assess dynamic air trapping.
Consider an increase in respiratory rate, ensuring it does
not surpass 35 breaths per minute or exceed the mechan-
ical power of 14.4 J/min. Consider raising the maximum
Vt to 10 ml/kg and maintaining a plateau pressure below
32 cmH,O. If the peak-plateau pressure gradient exceeds
10 cmH,O at an inspiratory flow rate of 60 L/m (normal is
4 cmH,0), indicating elevated airflow resistance, address
the underlying cause by utilizing bronchodilators, check-
ing for endotracheal tube obstruction, or examining for
ventilator circuit blockage or pneumothorax.

The process of sedative level adjustment
Adjusting sedative medications during the first 48 hours of
participation in the research involves a stepwise process,
with additional details outlined in the upcoming Figure
1. Both groups of patients will undergo minimal seda-
tion adjustments every 8 hours, on a minimum of three
times a day, conducted by the researcher team, doctors,
and nurses. Researchers held a conference before starting
the protocol to implement a standardized sedation proto-
col and minimize variations between patients in different
ICUs. The research team explained the protocol and en-
sured understanding with representatives of the ICU team
involved. To maintain consistency, both the control group
and the intervention group will follow the same sedation
protocol as described in the safety outcomes section.
However, suppose there is a need to increase the sedative
dose beyond this frequency. In that case, it can be done
based on necessity, such as when the patient's RASS is > 2,
there is agitation, or there is a breath-stacking asynchrony
index >10%.

Patient assessments will be conducted separately ac-
cording to the specific intervention or control group. In
the intervention group, utilizing the predicted AP, and
P, methods, the assessment includes

1. Measuring the end-occlusion maneuver using the
NIF function to obtain the P__ value.

2. The P value is used to calculate the predicted AP
by using the formula [14]

Predicted AP1= (Peak airway pressure-PEEP) - (5 APocc)

The effect of sedation protocol guided by respiratory effort

Researchers provide P, and AP__five times, with in-
tervals of 30 seconds between each repetition. Select the
three values that are closest to each other from the total
of five values to calculate the average as a representative
value of P, and AP _ (then calculate to predict AP))
during that time. The goal is to achieve predicted AP, <
20 cmH,0 and maintain the targeted P within the range
of 1.5-3.5 cmH,O with a method of sedation adjustment.
The other group (the control group) follows the usual
care method.

The sedation adjustment in the intervention arm
is categorized into three groups:

1. If targeted P is between 1.5-3.5 cmH,O and pre-
dicted AP, is < 20 cmH,O, maintain the sedative dose
unchanged and reassess every 8 hours.

2. If targeted P, is < 1.5 cmH,O and predicted AP,
is < 20 cmH,O, consider reducing the sedative dose by
10-25% every hour until the target P reaches 1.5-3.5
cmH,O, and reassess every 8 hours.

3. Iftargeted P, is > 3.5 cmH,O and predicted AP, >
20 cmH, 0O, assess CAM-ICU (use the ICU delirium pro-
tocol) and the Critical Care Pain Observation Tool score
(CPOT). Consider increasing the sedative dose by 10-
25% every hour until the targeted P is reached 1.5-3.5
cmH,O and the predicted AP, is reached at <20 cmH,0,
reassessing every 8 hours.

Safety outcomes

How to select sedation and manage the risks associated
with sedation.

Overdose or complications resulting from drug in-
teractions, simultaneous use of multiple sedative drugs
(drug overdose/side effect/multiple sedative drug use).
The planned sedative drug selection is as follows:

1. Consider initiating fentanyl as the first option for
analgosedation (following PADIS 2018 guidelines to con-
trol the pain first) until reaching the step-up dosage range
or the dose at which side effects begin, as outlined in the
paragraph below. If side effects occur, the investigators
decrease the dose and step up to second-line sedation,
provided the research participant has no contraindica-
tions or allergies.

Fentanyl Bolus : 25-50 mcg IV bolus dose then

Continuous drip: 0.7- 1.5 mcg/kg/h but not over 100
mcg/h

2. If reaching the step-up dose or experiencing com-
plications with the first drug, consider selecting the sec-
ond option as appropriate. This decision should be con-
cerned with the efficacy, the risk of complications that
may arise in that specific case, and any contraindications.
Options for the second drug may include dexmedetomi-
dine and propofol.

Dexmedetomidine I'V : drip 0.2 - 1 mcg/kg/h

And/or Propofol IV : drip 0.3 - 2 mg/kg/h

3. Finally, the third-line drug is midazolam, an op-
tion for some patients who have no risk of developing
delirium due to factors such as old age (>60 years old),
prior dementia, an increased APACHE score, and be-
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ing restricted to using shorter periods not exceeding 48
hours.

Midazolam IV : drip 0.05 - 1 mg/kg/h

Serious Side Effects: Unexpected individual adverse
events related to the administration or increased dosage
of sedative drugs as outlined in the research may occur.
In the event of an immediate correlation with drug ad-
ministration or dosage adjustment, consider discontinu-
ing medication and investigating other potential contrib-
uting factors.

1. Hypotension:

a. If there is a significant drop in systolic blood
pressure (>25%) and/or mean arterial pressure (MAP)
< 65 mmHg, reduce the sedative dosage by 25% every 5
minutes until blood pressure returns to the previous nor-
mal range.

b. If MAP remains < 65 mmHg after reducing
the sedative by more than 50% of the previous dose or
discontinuing the drug, assess fluid status and consider
low-dose vasopressor administration while investigating
additional contributing factors.

2. Bradycardia:

a. If the heart rate decreases by more than 25%
and/or falls below 60 beats per minute, reduce the sed-
ative dosage by 25% every 5 minutes until the heart rate
returns to the previous normal range.

b. If the heart rate remains < 60 beats per minute
after reducing the sedative by more than 50% of the pre-
vious dose or discontinuing the drug, or if MAP < 65
mmHg, discontinue the drug and investigate other po-
tential causes, especially electrolyte imbalance and other
medications.

c. In the case of unstable bradycardia, consider at-
ropine/inotropic drug therapy following the ACLS Bra-
dycardia Algorithm while awaiting further investigation
of potential contributing factors.

3. Gut Hypomotility:

a. If gastric residual volume is between 200-400
ml, reduce the sedative causing the issue by 25% every
4-6 hours, administer prokinetic drugs, and evaluate for
other potential causes of gut hypomotility.

b. If gastric residual volume exceeds 400 ml, stop
all medications contributing to gut hypomotility.

4. Propofol Infusion Syndrome: In cases of suspected
propofol infusion syndrome, discontinue propofol infu-
sion, correct metabolic acidosis, and assess fluid and kid-
ney/liver function.

Measurement

The P values were measured using a built-in function,
while the P value was measured using the NIF function.
Ultimately, the collected data was transmitted for analysis,
wherein the predicted AP, was calculated using the follow-
ing formulas [16] which include the following steps:

1. If the patient is conscious, the doctor informs them
and obtains their permit to temporarily interrupt the air
supply from the ventilator, which should not exceed 5-10
seconds.

2. Perform the end-expiratory occlusion (EEO) ma-
neuver procedure to obtain P five times within a 30-sec-
ond interval during each attempt. Identify three similar

readings of from this P session that are comparable to
calculate the statistical mean value indicating the respi-
ratory effort during that period. And perform the P__
value via the NIF method in the same step accordingly.
3. In cases of vital sign alterations or instability, such
as a heart rate of >130 or <50 beats/min, blood pressure
<90/60 mmHg or mean blood pressure lower than 65
mmHg, or a decrease in oxygen saturation by >23% from
baseline, the procedure should be halted. The underly-
ing reason for the abnormality must be assessed first.

OUTCOME

The primary outcome was the number of ventilator-free
days at 28 days. The secondary outcomes were 28-day
mortality, duration of mechanical ventilator, duration
of ICU stay, duration of hospital stay, in-hospital mor-
tality, determining the level of respiratory effort and BIS
correlation, complications of treatment, and comparing
the accumulation of sedative drugs administered to par-
ticipants during 48 hours and 1 week after enrollment.

DATA ANALYSIS PLAN

Sample size calculation

Calculate the sample size using a two-group indepen-
dent sample t-test based on the mean ventilator-free
days, utilizing the G*Power version 3.1.9.4 program.
The sample size estimation considers a 95% confidence
level, and the values are derived from the data of Phruet
and colleagues, who collected information on patients
receiving ventilator support in the ICU of Ramathibodi
Hospital during the years 2021-2023. The program sets
the effect size with a significant difference in ventila-
tor-free days at 5 days.

Mean in groupl (1;) = 19.12 days
SD. in groupl (o1) = 9

Mean in group2 (n,) = 14.43 days
SD. in group2 (o5) = 10

Effect size d = 0.5255883
aerr prob = 0.05
Power (1-Berrprob) = 0.9

Allocation ratio N2/N1 = 1

Sample size group 1 = 78
Sample size group 2 = 78
Total sample size = 156

From the aforementioned formula, it is found that a
sample of 78 subjects is required for each group, totaling
156 subjects for both groups. Considering a data loss
rate from technical errors of 5%, a total of 82 subjects
per group, or 164 subjects in total, would be needed. It is
anticipated that the enrollment of research participants
can be completed within 2 years.

OUTCOME ANALYSIS PLAN

Data analysis

The data were expressed as mean + SD, median, and
interquartile range, or percentages. The difference be-
tween 2 sets is expressed as continuous data: a t-test or



a Mann-Whitney U test according to the normality of the
normality of the data distribution. Categorical data were
analyzed using the Chi-squared or Fisher’s exact tests. The
difference between 3 sets expressed as continuous data:
ANOVA was used to compare the mean data of normal
distribution continuous variables, also for non-normal
distribution by Kruskal-Wallis test (non-parametric test).
The main outcomes analysis of the relationship between
the intervention arm and control arms with 28-day ven-
tilator-free days and 28-day mortality was analyzed using
Mann-Whitney U test statistics. Researchers determined
the correlations between sedative level and respiratory ef-
fort with a 28-day VFD using Spearman’s correlation (q).
Logistic/Cox regression analysis was used with 28-day
mortality. A p-value < 0.05 was considered statistically
significant. All data will be analyzed using SPSS version
29.

DATA MANAGEMENT AND DATA
MONITORING

Data collection

After enrollment, the patient is transferred to the ICU,
where data is collected regarding demographic infor-
mation, height, body weight, underlying diseases, SOFA
score, APACHE II score, and etiology of respiratory fail-
ure. Laboratory tests such as ABG, lactate, CBC, CRP, and
renal and liver function are also performed. The initial mode
of ventilation was conducted in VCV mode, and ventila-
tor setting parameters were recorded, including real RR,
inspiratory flow, inspiratory time, peak airway pressure,
plateau pressure, minute ventilation, tidal volume, PEEP,
respiratory compliance, and resistance. Following ran-
domization into the intervention and control groups,
sedative levels were tailored according to their designated
targets. The respiratory effort values (predicted AP, and
P ), along with the RASS scores, were documented for
both groups in each participant from the moment of study
enrollment and subsequently every 8 hours until 48 hours
post-enrollment. Primary outcomes, until extubation or
death, were collected up to 28-day ventilator-free days
(VED). Secondary outcomes, including 28-day mortality,
in-hospital mortality, duration of mechanical ventilation,
duration of ICU stay, duration of hospital stay, assessment
of respiratory effort and BIS correlation, treatment com-
plications, and comparison of cumulative sedative drug
administration, were documented. The planed report tables
were revealed in supplementary materials

DISCUSSION

Adequate sedation is crucial for mechanically ventilated
patients, promoting comfort, minimizing ventilator asyn-
chrony, and optimizing ventilator support. However, the
prevalent tendency to overuse sedatives may lead to ad-
verse clinical outcomes and increased costs. Traditionally,
clinicians have relied on tools such as the RASS, individual
physician judgment, and the BIS to guide sedation adjust-
ments. However, researchers introduce a newer approach
utilizing respiratory effort parameters (predicted AP, and
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P, ) that is emerging as an alternative tool, provides a po-
tentially more objective and reliable way to guide sedation
adjustments, assesses and monitors readily at the bedside
using advanced ventilators, and promotes a standardized
approach to the concept of lung-diaphragm protective
sedation protocol. Researchers hypothesize that main-
taining appropriate respiratory effort, which reduces
sedation and enhances lung mechanics, could result in
improved 28-day VFD. Furthermore, this approach may
also impact mortality rates, the median length of ICU
stay, and other secondary outcomes.

Regarding the effectiveness of using respiratory effort
parameters (predicted AP, P |) to guide sedation ad-
justments, In the recent research of Dzierba et al.[13]
support for P exhibited a significant, non-linear as-
sociation with ventilator-free days (unadjusted Poisson
model, p < 0.01). And low predicted AP, in the inter-
vention group, which is physiology lung protective on
harmful length negative swings in alveolar pressure, a
mechanism by high effort that potentially induces lung
injury on top of high changes in AP, according to a study
by Bellani et al.[16]. Moreover, another study by Baedorf
Kassis et al.[17] shows that keeping a lower AP, after 24
hours is associated with improved 28-day mortality and
demonstrates safety for a lung and diaphragm protective
strategy. However, no current study shows the benefit of
respiratory effort combined with the sedation protocol.

The question arises as to why researchers cannot rely
solely on RASS or BIS for sedation guidance, as these do
not demonstrate equal respiratory drive and effort. One
observational by study Dzierba et al.[13] identified a
weak correlation between RASS scores and P . Likewise,
recent research by Spinelli et al. [18]. found that the cor-
relation between the RASS category and P | did not reach
statistical significance (f=0.072, p=0.063). There are sev-
eral potential explanations for this discrepancy. Firstly,
respiratory effort is influenced by multiple factors. While
RASS primarily evaluates a patient's level of conscious-
ness, respiratory effort can be influenced by factors beyond
sedation level, such as metabolic status, variations in respi-
ratory drive, lung mechanics, and ventilatory support (the
degree of unloading the respiratory muscles) [19]. Second-
ly, RASS relies on subjective observation, which may not
always detect subtle changes in respiratory effort.

Another significant hypothesis arising from our study
posits that employing a novel approach utilizing respira-
tory effort to guide sedative usage may lead to a reduc-
tion in sedation levels, thereby potentially decreasing the
occurrence of mechanical complications associated with
prolonged sedation, such as ventilator-associated pneu-
monia (VAP). This finding aligns with meta-analyses
[20] advocating for the minimization of sedative use to
mitigate the duration of ventilator dependency and the
incidence of VAP.

Trial Limitations

The limitation of this study lies in the fact that the prima-
ry respiratory effort measure (predicted AP,) was derived
from the calculation of AP, using a formula. While this
parameter exhibits a strong correlation with the actual
transpulmonary pressure swing, direct measurement of
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true pleural pressure guided by esophageal manometry
remains the gold standard for potentially attaining the
highest accuracy in respiratory effort parameter mea-
surement.

Secondly, to mitigate ascertainment bias, researchers
will employ a double-blind study design. This entails con-
ducting a double-dummy procedure, wherein both re-
spiratory effort assessment and adjustment of usual care
occur simultaneously. The results of both assessments
are then directed to the command center, which assigns
a separate group to adjust the masked sedative levels
and monitor sedative doses, including side effects. This
approach involves three parallel groups: an assessment
group, a command group, and a group for adjusting seda-
tive levels. As a result, additional investigators are needed
to facilitate this process effectively.

CONCLUSION

This study investigated the impact of guiding sedation
level by respiratory effort versus usual care on 28-day
VED in patients with acute respiratory failure requiring
mechanical ventilation within the first 48 hours. And
demonstrating the main secondary outcome as a 28-day
mortality between the groups.
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sure swing; EEO: End-expiratory occlusion test; MAP: Mean arterial pressure;
PHT: Pulmonary hypertension.
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SUPPLEMENTARY MATERIALS

Table 1. Demonstrates baseline characteristics between the two groups.

Characteristics N Intervention

Control

Sex

o Male, n (%)

« Female, n (%)
Age, mean (SD), years
BMI, mean (SD), kg/m?*
Smoker, n (%)
Obesity, n (%)
OSA, OHS, n (%)
COPD/Asthma, n (%)
Diabetes mellitus, n (%)
History of TB infection, n (%)
Pulmonary hypertension, n (%)
CTEPD, n (%)
Interstitial lung disease, n (%)
Bronchiectasis, n (%)
Atrial fibrilation, n (%)
Old coronary syndrome, n (%)
Chronic heart failure, n (%)
Old cerebrovascular disease, n (%)
Immunocompromised status, n (%)
Chronic kidney disease, n (%)
Cirrhosis, n (%)
Hypoalbuminemia, n (%)
pH, mean (S.D.)
PaO,, mean (S.D.), mmHg
PaCo,, mean (S.D.), mmHg
Lactate, median (IQR), mmol/L
Hemoglobin, mean (S.D.), g/dL

White blood cell count, mean (S.D.),
x 10° cell/ml

CRP, mean (S.D.), mg/dL

Albumin, mean (S.D.), g/L
APACHE-II, median (IQR), score
SOFA score, median (IQR), score
Tidal volume, median (IQR), ml/kg

Minute ventilation, median (IQR),
L/min

PEEP, median (IQR), cm H,0

Driving pressure, median (IQR),
cm H,0

Cause of respiratory failure
« Hypoxic RE n (%)
« Hypercapnic RE n (%)
o Shock RE n (%)
« Infectious cause, n (%)
COVID-19, n (%)

Compliance, mean (SD), ml/cm
H,0

Resistance, median (IQR), cm-
H,0-sec /L

The effect of sedation protocol guided by respiratory effort

Characteristics N Intervention

Control

PF ratio, median (IQR)

Predicted AP, median (IQR),
cmH,0

P, , median (IQR), cmH,0
RASS, median (IQR), Score

SD: Standard deviation; IQR: Interquartile range; BMI: body mass index;
APACHE: Acute physiologic and chronic health evaluation; SOFA: Sequen-
tial organ failure assessment; COPD: Chronic obstructive pulmonary disease;
OSA: Obstructive Sleep Apnea; OHS: Obesity hypoventilation syndrome;;
TB: Mycobacterium tuberculosis; CTEPH: Chronic thromboembolic pulmo-
nary hypertension; PaO,: Partial Pressure of Oxygen; PaCO,: Partial Pressure
of carbon dioxide; CRP: C-Reactive Protein; ms: Milliseconds; RASS: Rich-
mond Agitation-Sedation Scale; PEEP: Positive end-expiratory pressure; AP, :
Dynamic-transpulmonary pressure swing; PHT: Pulmonary hypertension;

COVID-19: coronavirus disease starting in 2019.

Table 2. Demonstrates the complicated and overall outcomes between the two

groups.

Complications N Intervention Control

P-Value

Ventilator-associated pneumo-
nia, n (%)

Chronic respiratory failure,
n (%)

Pneumothorax, n (%)
New hypoxemia, n (%)

Heart failure / pulmonary
edema, n (%)

Malnutrition, n (%)

Renal failure, n (%)
Diaphragm weakness, n (%)
VILL n (%)

Pulmonary embolism, n (%)
Liver failure, n (%)
Cytokine storm, n (%)

Propofol infusion syndrome,
n (%)

Hemoptysis/ Organ bleeding,
n (%)

Arrest, n (%)

Main outcomes N Intervention Control

P-Value

28-day VFD, median (IQR)
days
28-day VFD, mean (SD) days

Duration of intubation, medi-
an (IQR) days

Length of ICU stay, median
(IQR) days

Hospital length of stay, median
(IQR) days

Tracheostomy before dis-
charge, n (%)

Reintubation, n (%)
28-day mortality, n (%)

Death before hospital dis-
charge, n (%)

SD: Standard deviation; IQR: Interquartile range; VILI: Ventilator-induced

lung injury; VED: Ventilator free day; ICU: Intensive care unit
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Table 3. Demonstrates the accumulative sedative dose used between the two Table 4. Demonstrates the Spearman correlation between RASS with predict-
groups. ed AP, during 48 hours.
Sedation N Intervention Control P-Value N = total participants RASS measurement
During 48 hours after ran- Predicted AP, Correlation Coefficient (q)
domit o Significant (2-tailed)
Fentaoy] edh (IR P Correlation Coefficient (q)
mcg/kg 01
Dexmedetomidine, median Significant (2-tailed)
(IQR) mg/kg
Propofol, median (IQR)
mg/kg
Midazolam, median (IQR)
mg/kg

During 7 days after random-
ization

Fentanyl, median (IQR)
mcg/kg

Sedation N Intervention Control P-Value

Dexmedetomidine, median
(IQR) mg/kg

Propofol, median (IQR)
mg/ kg

Midazolam, median (IQR)
mg/ kg
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