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Abstract
Recently, high �ow oxygen therapy (HFOT) is becoming more popular in the treatment of any kind of
respiratory failure. Pediatric mechanical ventilation consensus conference (PEMVECC) guidelines
suggest measuring oxygen saturation by pulse oximetry (SpO2) in all ventilated children and furthermore
to measure partial arterial oxygen pressure (PaO2) in moderate‐to‐severe disease in order to prevent
excessive use of oxygen while preventing hypoxemia and hyperoxemia. However, from a practical point
of view, this may require frequent manual adjustments of the inspired oxygen, which might be unfeasible,
especially in high-demand periods, such as the recent COVID19 pandemic. Moreover, the COVID19
pandemic has also highlighted the need for optimizing oxygen usage at the hospital level, since medical
oxygen can become a scarce resource in high-demand periods, such as a pandemic. Two proof-of-
concept studies showed that automatic oxygen titration (AOT) is feasible in patients receiving high �ow
nasal oxygen therapy (HFNT) in an exercise-induced desaturation model and in patients with mild acute
hypoxemic respiratory failure. This study aims to compare the safety and e�cacy of a closed- loop FiO2
controller with conventional manual control of FiO2 during HFOT of pediatric patients in a pediatric
intensive care unit (PICU). The hypothesis of this study is: Close-loop FiO2 controller increases the time
spent within clinically targeted SpO2 ranges and decreases the time spent outside clinical target SpO2
ranges as compared to manual oxygen control in PICU patients treated with HFOT. This study was
registered to clinical trials with the registration number NCT05032365. 

Introduction

Reagents
NA

Equipment
Device: The algorithm is a closed loop algorithm that adjust the fraction of inspired oxygen (FiO2) based
on the oxygen saturation measured by pulse oximetry (SpO2). This algorithm is integrated into the
Hamilton Medical C1 (Hamilton Medical AG, Bonaduz, Switzerland) ventilator. This ventilator is equipped
with its own Masimo Setline (Masimo Corporation, Irvine, USA) pulse oximeter. Both these devices are CE
certi�ed. Saturation data is fed into the system through an integrated Masimo (Irvine, USA) pulse
oximeter. For this purpose, an additional pulse oximeter sensor is placed on of the infants extremities
during the duration of the study.

 

Active Comparator: Conventional FiO2 controller

Two hours period where the FiO2 delivered will be conventionally adjusted by the healthcare personnel
based on visual analysis of SpO2 values through clinical guidelines
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1.1       Description of the intervention software

The Automatic FiO2 option provides automated adjustment of the ventilator Oxygen setting to help
maintain the patient's SpO2 in a de�ned target range.

The option is available in all invasive and non-invasive ventilation modes except INTELLiVENT-ASV.

During use, you de�ne the SpO2 target range, as well as the two SpO2 emergency limits. The ventilator
adjusts the Oxygen setting to keep the patient's SpO2 within these speci�ed values.

Indications for use

Use of the Automatic FiO2 option is indicated for patients needing oxygen therapy, who are:

·        Mechanically ventilated (invasive or noninvasive) and/or using high �ow oxygen therapy

·        Adult, pediatric, and neonatal (gestational age greater than 36 weeks) patients

Contraindications

Use of the Automatic FiO2 option is contraindicated for any of the following patient groups and
conditions:

·        Pre-term infants

·        Dyshemoglobin is expected or observed

·        The difference between SpO2 and SaO2 is greater than 5%

 Accessing the Automatic FiO2 window

Once the option is enabled, the Automatic FiO2 window provides access to the SpO2 target range high
and low controls, the emergency SpO2 range high and low controls, and the Oxygen msg control, as well
as the option On and Off buttons.

To access the Automatic FiO2 window

If not already enabled, enable the Automatic FiO2 option in Con�guration.

For details about adding software options, see your ventilator Operator's Manual.

Do either of the following:

– If Automatic FiO2 is already set to On, touch the Oxygen control with blue rotating comets to directly
open the window.

– Touch System > Info > Automatic FiO2.
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Procedure
Patients will be screened daily for inclusion and exclusion criteria. If the subject meets the eligibility
criteria, the investigator will discuss the study with the subject or next-of-kin or a legally authorized
representative and provide information relating to the potential risks and bene�ts. Written informed
consent will be obtained from each study participant, spouse/next of kin or a legally authorized
representative. As the protocol is dealing with PICU patients, it is anticipated that some subjects may not
be able to consent because of their medical condition or age. In that case, a legally authorized
representative or a subject's family member will be asked to provide consent and that he or she may
discontinue the subject's participation at any time without penalty or loss of bene�ts to which the subject
is otherwise entitled. If a legally authorized representative or family member is told about the clinical
investigation and the subject's condition improves, the subject is also to be informed as soon as feasible.

The study informed consent form will describe the purpose of the study, randomization, and the
importance of participation in both study interventions to the success of the study, the risks, and bene�ts
of participation, the distinction between research and clinical care, and the right to withdraw from the
study at any time, in accordance with all applicable regulations.

Each participant only afterwards (or spouse/next of kin or a legally authorized representative) will
document his/her provision of informed consent by signing his/her informed consent form. Each signed
and dated consent will be maintained by the clinical investigator and a copy of the informed consent will
be provided to the subject.

Collection of baseline information will take place only after the subject has given voluntary, documented
informed consent.

After obtaining informed consent from the patient or a relative, baseline data will be recorded, and the
order of the two modes (closed-loop FiO2 or manual FiO2 controller) will be randomized. After
randomization, the physician in charge will decide on the individualized optimal SpO2 range for each
patient, according to the current clinical situation and the medical history.

Troubleshooting

Time Taken
A total of 5 hours including wash-out

Two hours period where the fraction of inspired oxygen (FiO2) delivered will be automatically titrated
based on SpO2 values obtained from the patient during HFOT.
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Two hours period where the FiO2 delivered will be conventionally adjusted by the healthcare personnel
based on visual analysis of SpO2 values through clinical guidelines

Anticipated Results
Primary endpoint:

Percentage of time spent in optimal SpO2 range

Secondary endpoints:

 

1.          Percentage of time spent in sub-optimal SpO2 range

2.          Mean FiO2

3.          Mean SpO2/FiO2

4.          Number of manual adjustments

5.          Number of alarms

6.          Percentage of time with SpO2 signal available

7.          Percentage of time with SpO2 below 88 and 85 percent

8.          Number of events with SpO2 below 88 and 85 percent

9.           Percentage of time with FiO2 below 40 percent, 60 percent and 100 percent 
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Figure 1

Automatic FiO2 window 
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Figure 2

Automatic FiO2 window 
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Figure 3

Automatic FiO2 window 
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