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in neonatal respiratory care. A review
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Abstract

Maintaining optimal oxygen saturation (SpO,) in preterm infants remains a critical yet challenging aspect of neonatal intensive
care. Manual adjustment of inspired oxygen (FiO,) is both labor-intensive and prone to human error, often resulting in signifi-
cant fluctuations in oxygen levels that may increase the risk of complications such as retinopathy of prematurity (ROP),
bronchopulmonary dysplasia (BPD), and long-term neurodevelopmental impairment. Emerging evidence indicates that auto-
mated oxygen control (AOC) systems enhance the stability of SpO,, reduce the frequency of hypoxic and hyperoxic episodes,
and minimize the need for manual FiO, adjustments. Despite these promising physiological improvements, high-certainty
evidence demonstrating a positive impact on short- and long-term clinical outcomes remains lacking. Current data on morta-
lity, severe ROP, BPD, and neurodevelopmental outcomes are limited and often of low certainty. AOC technology shows sig-
nificant potential to improve oxygen management in preterm infants by maintaining target saturation ranges more consistently.
However, robust, high-quality multicenter trials are essential to confirm its clinical benefits, assess its feasibility in various
healthcare settings, and assess cost-effectiveness. This review synthesizes the current evidence surrounding the use of AOC
in preterm infants, with a focus on its efficacy, safety profile, and potential role in advancing neonatal respiratory care.
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Controlo automatizado do oxigénio em recém-nascidos pré-termo: uma nova fronteira
nos cuidados respiratorios neonatais. Revisao

Resumo

Manter a saturagéo periférica de oxigénio (SpO,) na faixa desejada em recém-nascidos prematuros permanece um aspeto
critico, porém desafiador, dos cuidados intensivos neonatais. O ajuste manual do oxigénio inspirado (FiO,) é trabalhoso e
suscetivel a erros humanos, e resulta, frequentemente, em flutuagGes significativas na SpO,, o que pode aumentar o risco
de complicagdes como a retinopatia da prematuridade (ROP), displasia broncopulmonar (DBP) e compromisso do desenvol-
vimento neurolégico a longo prazo. Evidéncias emergentes indicam que os sistemas de controlo automatizado de oxigénio
(CAO) melhoram a estabilidade da SpO,, reduzem a frequéncia de episddios de hipdxia e hiperdxia e minimizam a necessi-
dade de ajustes manuais da FiO,. Apesar das melhorias fisioldgicas promissoras, ainda faltam evidéncias de qualidade que
demonstrem um impacto positivo nos desfechos clinicos de curto e longo prazo. Os dados atuais sobre mortalidade, ROP
grave, DBP e efeitos no neurodesenvolvimento séo limitados e, muitas vezes, de baixa qualidade. A tecnologia CAO demons-
tra um potencial significativo para melhorar o manejo do oxigénio em prematuros, mantendo os intervalos-alvo de saturagéo
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de forma mais consistente. No entanto, sdo necessarios ensaios multicéntricos robustos e de alta qualidade para confirmar
seus beneficios clinicos, avaliar sua viabilidade em diferentes contextos clinicos e analisar sua relagdo custo-beneficio. Esta
revisao sintetiza as evidéncias atuais sobre o uso do CAO em recém-nascidos prematuros, com foco em sua eficacia, perfil
de seguranca e potencial papel no avango dos cuidados respiratorios neonatais.

Palavras-chave: Controlo automatizado de oxigénio. Hiperdxia. Hipdxia. Cuidados intensivos neonatais. Saturagéo de oxigénio.

Recém-nascidos prematuros.

What is known

— It is well established that maintaining optimal oxygen satu-
ration in preterm infants is a major challenge due to frequent
fluctuations between hypoxia and hyperoxia.

— Automated oxygen control (AOC) systems have been shown
to improve the stability of SpO, and reduce the frequency
of both hypoxemic and hyperoxemic episodes compared
with manual control.

— Despite these physiological benefits, current evidence re-
mains insufficient to confirm improvements in key clinical
outcomes.

What is added

— This review compiles and critically analyzes the most recent
evidence on AOC systems in preterm infants, highlighting
their efficacy, safety, and practical implications for neonatal
care.

— It identifies existing research gaps, including the need for
large multicenter randomized trials to establish the clinical
benefits and cost-effectiveness of AOC.

— The review also outlines future research priorities aimed at
optimizing control algorithms, improving sensor technology,
and integrating AOC into routine NICU practice worldwide.

Introduction

The vast majority of extremely preterm infants
require oxygen therapy in their early days of life due
to pulmonary immaturity." Maintaining peripheral oxy-
gen saturation (SpO,) within the desired range in
preterm newborns receiving invasive or non-invasive
mechanical ventilation is a challenge in neonatal care,
particularly during the first days of life.? This difficulty
is due to several factors, notably the respiratory insta-
bility related to the severity of respiratory distress
syndrome (RDS) and the relentless work of nurses in
the neonatal unit, which prevents them from adjusting
the fraction of inspired oxygen (FiO,) manually in a
timely manner.?

The European Consensus for the treatment of RDS
in preterm neonates recommends maintaining SpO,
within the 90-94% range.® Several important studies
have shown that extremely preterm infants receiving
oxygen frequently spend time outside the target SpO,
range, experiencing frequent episodes of both hypox-
emia and hyperoxemia.*”

Intermittent hypoxemia (IH) events in preterm infants
have been linked to various morbidities, including reti-
nopathy of prematurity (ROP), necrotizing enterocolitis
(NEC), sleep-disordered breathing, neurodevelopmen-
tal impairment, and even mortality.>'° Additionally,
these infants are especially vulnerable to oxidative
stress because of their insufficient enzymatic and
non-enzymatic antioxidant defenses, making them more
susceptible to the detrimental effects of hyperoxemia,
including the development of bronchopulmonary

dysplasia (BPD).""'® Furthermore, severe ROP has
been associated with prolonged exposure to high FiO,
levels and iatrogenic hyperoxemia, particularly in infants
with extremely low birth weight, despite the efforts to
titrate FiO, more frequently.™

In an attempt to overcome the difficulty of maintain-
ing FiO, within the desired values, especially during the
first days of life in preterm neonates under oxygen
therapy, systems of closed-loop automated control
(CLAC) of FiO, were developed, and have been
increasingly used in neonatal intensive care units
(NICUs)."s

The objective of this review is to compile and analyze
the available evidence on automated oxygen control
(AOC) in preterm infants, focusing on its advantages,
limitations, and clinical impact. For this purpose, a
review was conducted in the PubMed database, with
no time limit and up until April 25, 2025, searching for
articles on the topic. The search used the following
keywords: automated oxygen control, closed loop auto-
mated oxygen control, manual oxygen control, hyper-
oxia, normoxia, hypoxia, and preterm infant.

Manual method of FiO, adjustment

Traditionally, FiO, was manually adjusted based on
clinical observation of the neonate’s SpO, levels. This
process involves continuous monitoring of SpO, and
adjusting FiO, on ventilators or oxygen therapy devices
accordingly. Healthcare providers, including doctors
and nurses, are responsible for frequently adjusting the
ventilator settings or oxygen systems based on SpO,
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readings, clinical signs (such as respiratory rate and
effort), and the perceived needs of the patient. The goal
is to maintain SpO, within the desired range. A study
by Lim K. et al., involving 45 infants with a gestational
age of 30 weeks (IQR: 27-32) receiving nasal continu-
ous positive airway pressure (NCPAP), demonstrated
that FiO, adjustments were required a median of 25
times per day (interquartile range: 16-41).'® This num-
ber of adjustments is difficult to achieve with precision
in units caring for extremely preterm infants due to the
high number of tasks nurses are in charge of.?
Additionally, the nurse-to-infant ratio also affects the
effectiveness of manual control.'®

There are several disadvantages to the manual FiO,
control. Preterm infants often experience rapid changes
in oxygen saturation, and manual control cannot
respond immediately to these fluctuations.? This
increases the risk of both hypoxemia and hyperoxe-
mia.?> Manual adjustment requires continuous attention
from healthcare providers, especially nurses, who often
manage multiple tasks simultaneously in the NICU.?
This can lead to delays in FiO, adjustment or even
missed interventions. Also, continuously adjusting
SpO, levels can result in overcorrection, potentially
leading to unintended hyperoxia.> The high-pressure
clinical environment, combined with fatigue or compet-
ing demands, can result in inaccurate or inconsistent
FiO, titration, increasing the likelihood of errors.? FiO,
adjustments can vary between caregivers and across
shifts, leading to inconsistent care and fluctuations in
oxygen exposure.? Continuous monitoring of SpO, and
frequent manual FiO, adjustments add significantly to
the workload of clinical personnel, potentially diverting
attention from other critical aspects of neonatal care.?
Finally, studies have proven that with manual control,
preterm infants often spend a significant amount of time
outside the recommended SpO, range, which can
range between 18% and 68%.""” On the contrary,
NICUs that implemented AOC reported that the chil-
dren spent less time with saturations outside the target
range, ranging from 9% to 60%, depending on the
system used and the infant’s clinical condition."'®

Automatic control of FiO,

The AOC is currently used in the NICU for infants
receiving invasive mechanical ventilation, non-invasive
ventilation (nasal CPAP, nasal IPPV), and high-flow
nasal cannula. The closed loop AOC is a technology
used automatically adjust the amount of oxygen deliv-
ered to neonates, usually preterm infants, based on
their continuously monitored SpO, levels. A sensor

continuously measures the baby’s SpO,, and an auto-
mated system compares this value to a predefined
target range (e.g.: 90-94%). These systems use soft-
ware algorithms that automatically adjust the FiO, in
response to fluctuations in the infant’s SpO,, aiming to
maintain a predetermined target oxygen saturation
range. If the SpO, is outside the target range, the sys-
tem automatically adjusts the FiO,, increasing or
decreasing the oxygen being carried.”®

Currently available algorithms include CLiO™,
(Closed Loop inspired Oxygen) integrated into the
Avea® infant ventilator; CLAC (Closed Loop Automatic
Oxygen Control), incorporated into the Leoni plus® ven-
tilator; IntellO,™, part of the Oxygen Assist Module in
the Vapotherm® Precision Flow; VDL 1.1 OxyGenie on
the SLE6000® ventilator; PRICO (Predictive Intelligent
Control of Oxygenation ) on the Fabian® Acutronic ven-
tilators; and SPOC on the Sophie® neonatal ventilator
(MEDACX)."20-%" Each algorithm has a different design
for processing the input and computing adjustments in
FiO,.?" Fathabadi et al. described the main character-
istics of algorithms developed for automated FiO, con-
trol in preterm infants and classified them into four
categories: rule-based (fuzzy or non-fuzzy), proportional-
integral-derivative (PID), adaptive, and robust, though
the latter is not currently available in clinical practice.??
Among the most widely used systems, PRICO® employs
a rule-based, non-fuzzy control algorithm; the
OxyGenie® system uses a PID algorithm; and the
AVEA™-CLIO,™ system utilizes an adaptive algo-
rithm."2" It is important to emphasize that the clinical
outcomes of systems for AOC in preterm infants can
vary depending on several factors such as the study
population, the type of respiratory support, and the
chosen target range, as well as the effectiveness of the
algorithm itself."2! Also, the experience of the medical
team, the available ventilation technology, and the spe-
cific clinical needs are crucial factors influencing the
outcome. Although there are minor differences in the
functioning of the algorithms, the most effective is cur-
rently unknown. All algorithms proved to maintain FiO,
more consistently and accurately within the desired
range by continuously adjusting oxygen levels based
on real-time measurements, minimizing fluctuations,
and ensuring optimal oxygenation.?’

AOC systems can minimize the need for frequent
manual adjustments by continuously monitoring and
adjusting oxygen levels in real time. This, in turn,
becomes a technology that supports and facilitates the
work of nurses. However, it is important to emphasize
that the AOC does not replace the nurse’s work and,
moreover, it itself needs to be supervised by the nurse,
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since in the event of a technical issue, they shall ensure
the control of the oxygen. Despite the advantages,
technological and financial challenges remain signifi-
cant obstacles to the widespread implementation of
these systems. The high cost of advanced monitoring
equipment, coupled with limited access to such tech-
nologies in certain NICUs, can impede their adoption,
particularly in resource-limited environments.?'

A commonly mentioned limitation of AOC is the pos-
sibility of masking a clinical deterioration in the patient.?’
This aspect is usually detected more quickly with man-
ual adjustment. However, this limitation may be miti-
gated by implementing protocols that include periodic
assessment of the FiO, delivered by the ventilator, or
by setting an upper FiO, limit that facilitates early
detection of increasing oxygen requirements in the
patient.>’ With the continued use of AOC, caregivers
become more familiar with both the technique and the
assessment of the clinical status of the patient receiv-
ing this AOC, making the masking of clinical deteriora-
tion no longer a real issue.>?!

Results of studies comparing automatic
FiO, control with manual control

Since the 1950s, studies have emphasized the det-
rimental impact of excessive oxygen supplementation
and hyperoxia in preterm infants.?®2* The most evident
condition associated with this practice is ROP, which
develops as a result of the exposure of the immature
retinal vasculature to high oxygen concentrations.?*2°
In subsequent years, studies showed that the preterm
lung condition of chronic lung disease (CLD) was asso-
ciated with prior exposure to higher concentrations of
oxygen.26-?% Also, the harmful effects of hypoxia in
preterm infants became evident when prolonged peri-
ods of low oxygen were found to increase the risk of
death or neurological impairment.2°°

The introduction of transcutaneous oxygen elec-
trodes in the 1970s to measure partial pressure of
oxygen (PaQ,), followed by the development of pulse
oximetry in the 1980s, enabled clinicians to titrate oxy-
gen therapy based on non-invasive assessments of
oxygenation.>"*> Pulse oximetry is now the standard
method for monitoring oxygenation in NICUs. To pre-
vent both hypoxia and hyperoxia, maintaining SpO,
within an admissible range has become a widely
accepted practice. However, the optimal target range
for preterm infants continues to be a topic of ongoing
debate.®°

In routine clinical practice, NICU personnel — typically
nurses — manage oxygen therapy by manually adjusting

the fraction of inspired oxygen (FiO,) or the flow rate
based on fluctuations in the infant’s SpO,. However, this
manual approach can be challenging due to the numer-
ous factors that influence its effectiveness.?*

The implementation of AOC in neonatal care began
in the 1970s.%4-%¢ Since then, advancements in ventila-
tion technology led to the development of the first AOC
systems, designed to enhance the precision of oxygen
delivery to newborns, particularly preterm infants.%’

Over the past two decades, many studies have
assessed the effectiveness of AOC in the care of
preterm infants. Meanwhile, systematic reviews and
meta-analyses have already been conducted using sev-
eral of these studies. A systematic review by Hummler
H et al. in 2014, wich included nine studies, found that
AQC allows SpQ, to remain within the target range for
longer periods, reduces the number of episodes of
hyperoxemia and severe hypoxemia, and decreases
nurses’ manual workload.®® Additionally, a systematic
review and meta-analysis by Mitra S et al. up to
December 2016, published in 2018, including ten stud-
ies, also concluded that AOC improves the maintenance
of target oxygen saturations.”” Another systematic review
and meta-analysis by Denault MH et al., conducted in
2018 and published in 2019, included seven studies in
preterm infants and two in adults, and reached the same
conclusion: AOC allows for a greater percentage of time
within the target saturation range.*® Also, a systematic
review by Abdo M et al., conducted in December 2020
and published in 2022, included 13 studies and 343
preterm infants on respiratory support. It concluded that
AQC is fast and effective in regulating SpO, and may
be used to reduce nurses’ workload.*

A recent Cochrane systematic review, published on
January 23, 2023, aimed to assess the benefits and
harms of AOC systems (integrated into ventilators or
oxygen delivery devices) for preterm infants with respi-
ratory dysfunction requiring respiratory support or sup-
plemental oxygen therapy.*' This review included
18 studies that enrolled a total of 457 infants, of which
13 studies (339 infants) contributed data to meta-
analyses.'>*"4>%7 The included studies were random-
ized controlled trials and randomized cross-over trials
that compared AOC versus manual oxygen delivery,
or that compared different automated oxygen delivery
systems head-to-head. Seventeen studies involved
preterm infants of both genders, with an average ges-
tational age at birth between 25 and 29 weeks (ranging
from 23 to 36 weeks), and birth weights ranging from
350 g to 2460 g. One study (Kaltsogianni, 2023)
included late preterm or term infants born after
34 weeks of gestation.” Across studies, the mean age
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at enrolment varied between eight and 33 days post-
birth. The duration of the period in which AOC was
used ranged from 90 minutes to 24 hours, except in
one study (Nair 2023)°¢ in which the infants remained
on AOC while being ventilated. Three main compari-
sons were made: one (1) AOC versus standard manual
delivery; two (2) AOC versus enhanced manual deliv-
ery with additional personnel (a dedicated research
nurse or research assistant adjusting FiO, to provide
a level of care beyond routine practice); and three
(8) comparisons between different AOC systems. The
results indicated that AOC, compared to routine man-
ual administration, likely increases the percentage of
time that SpO, remains within the target range (mean
difference 13.54%; 95% CI: 11.69-15.39; 12 = 80%; 11
studies, 284 infants; moderate-certainty evidence). No
studies assessed in-hospital mortality. Regarding the
risk of severe ROP, AOC may have little or no effect
compared to routine manual administration (risk ratio
0.24; 95% Cl: 0.03-1.94; one study, 39 infants; low-
certainty evidence). No studies assessed neurodevel-
opmental outcomes. When compared with enhanced
manual oxygen delivery, AOC may show no clear
increase in the time spent within the target SpO, range
(mean difference 7.28%; 95% CI: —1.63-16.19; 12 = 0%j;
two studies, 19 infants; low-certainty evidence). No
studies reported on in-hospital mortality, severe ROP,
or neurodevelopmental outcomes. A comparison was
also made between AOC algorithms: CLACfast, which
allows up to 120 automated adjustments per hour, and
CLACslow, which allows up to 20 adjustments per
hour. CLACfast may result in little or no increase in the
percentage of time within the target SpO, range com-
pared to CLACslow (mean difference 3.00%; 95% ClI:
—-3.99-9.99; one study, 19 infants; low-certainty evi-
dence). Again, no studies mentioned in-hospital mor-
tality, severe ROP, or neurodevelopmental outcomes.
The authors’ conclusion was that AOC likely increases
the amount of time that preterm infants on respiratory
support spend within the target SpO, range when com-
pared with routine manual delivery (with an average
increase of 13.54%). However, it remains uncertain
whether this improvement translates into meaningful
clinical benefits. The available evidence on outcomes
such as CLD and severe ROP is of low certainty, with
minimal or no differences observed between interven-
tions. Current data are also insufficient to draw firm
conclusions regarding comparisons between AOC and
enhanced manual delivery, or between different auto-
mated systems.

At our center, we conducted a prospective study over
a three-year period (2020-2023), enrolling preterm

infants born at less than 33 weeks’ gestation who
required supplemental oxygen within the first 24 hours
of life and received either invasive or non-invasive
respiratory support.®® The closed-loop AOC system
used was the PRICO feature integrated into Fabian®
ventilators. Infants were randomized into two groups:
one receiving combined automatic and manual FiO,
control, and the other receiving standard manual con-
trol. The study included 89 patients: 45 received com-
bined automatic and manual FiO, control, while
44 received routine manual control. Compared to the
manual control group, the combined control group
required fewer manual FiO, adjustments [median
0 (range 0-4) versus 4 (range 0-12), p < 0.001], had
fewer episodes of hypoxemia [median 0 (range 0-4)
versus 2 (range 0-8), p < 0.001] and hyperoxemia
[median 0 (range 0-0) versus 1 (range 0-6) (p < 0.001)],
and spent significantly more time within the target SpO,
range [median (min - max), in minutes: 1440 (1424-
1440) versus 1406 (936-1440), p < 0.001]. After adjust-
ing for potential confounders, the time spent in
normoxemia remained significantly higher in the com-
bined control group (B = 81.5; 95% CI: 47.9-115.2;
p < 0.001). The use of AOC was feasible and was
associated with fewer episodes of both hypoxia and
hyperoxia, resulting in longer periods of SpO, within the
target range. Furthermore, its use was associated with
a reduction in the need for manual FiO, adjustments.

Several other studies are currently underway.*' Their
results will be available soon, potentially providing more
relevant information.

A related study was that of Dani C. et al. which
assessed the impact of the PRICO system on cerebral
(rSO, C) and splanchnic (rSO, S) oxygenation in a
cohort of 20 preterm infants (< 32 weeks gestational
age) experiencing frequent desaturation episodes.
The infants were randomly assigned in sequence to
12 hours of either automated or manual FiO, adjust-
ment. Throughout this period, continuous monitoring
was conducted using near-infrared spectroscopy
(NIRS). While AOC with the PRICO® system did not
improve cerebral or splanchnic oxygenation compared
to manual control, it reduced SpO, fluctuations and
shortened the duration of both hypoxemia (% of time
SpO, < 80%: 1.6 £ 0.9 vs 3.0 + 2.9, p = 0.46) and
hyperoxemia (% of time SpO, > 95%: 17.6 + 12 vs 30.9
+ 18.9, p = 0.014). The total percentage of time in nor-
moxemia (SpO, 90-95%) was significantly higher with
AOC (66.0 + 14.1% vs. 50.0 + 20.6%, p = 0.009).
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Assessing the clinical potential of
automated oxygen control in neonatal care

Most studies have shown that AOC allows neonates
to spend more percentage of time within the target
SpO, range, although this period of time varies among
studies, ranging from 40% to 91% with automatic con-
trol and from 32% to 82% with manual control'. Also,
the width of the SpO, target range does not seem to
have influence on the effectiveness of AOC'.
Additionally, some studies showed that the AOC per-
forms less favorably with hypoxia than with hyperoxia'.
It should be noted, however, that while AOC can
respond to hypoxia, it cannot prevent it'.

Although current evidence suggests that AOC in
preterm infants results in longer time spent within the
target SpO, range, fewer episodes of hypoxemia and
hyperoxemia, and reduced need for manual FiO,
adjustments, several important questions remain before
this technology can be widely adopted in NICUs.

It remains unclear whether improved oxygen satura-
tion control translates into better clinical outcomes. The
studies conducted to date have predominantly employed
crossover designs rather than randomized controlled
trials, are highly heterogeneous, and lack sufficient
statistical power to assess the impact of AOC versus
manual oxygen control on neonatal morbidities. Further
studies are necessary to assess the effect of AOC on
key short and long-term outcomes, including mortality,
BPD, severe ROP, intraventricular hemorrhage, and
long-term neurodevelopmental outcomes. The FiO,-C
study group trial (www.ClinicalTrials.gov: NCT03168516)
is ongoing and will address questions related to neo-
natal outcomes and neurodevelopment at 24 months
of corrected age, ensuring an appropriate assessment
of safety and efficacy before AOC can be implemented
as standard therapy®.

Most existing trials compare AOC with routine man-
ual adjustment. Evidence is still lacking on how AOC
systems perform against enhanced manual protocols
involving well-trained personnel and standardized oxy-
gen management strategies.

The safety and effectiveness of AOC in different
clinical settings and patient subgroups — such as those
receiving invasive versus non-invasive respiratory sup-
port — require further exploration.

Before widespread adoption, comprehensive analy-
ses of cost-effectiveness are needed. Additional con-
siderations include equipment compatibility, training
requirements, and the availability of technical
support.

Standardized guidelines and regulatory frameworks
must be developed to ensure its safe and consistent
implementation across institutions. Validation of AOC
systems across different ventilators and NICU environ-
ments is essential.

To support clinical decision-making and guideline
development, larger and higher-quality multicenter ran-
domized controlled trials are necessary to provide more
robust evidence of effectiveness and safety.

Until these gaps are addressed, the routine use of
AOC in NICUs should be approached with caution and
guided by ongoing research findings.

Suggestions for future research

Future research in preterm infants should prioritize
the inclusion of both short- and long-term clinical out-
comes, including mortality, BPD, ROP, patent ductus
arteriosus (PDA), intraventricular hemorrhage, periven-
tricular infarction, sepsis, necrotizing enterocolitis,
duration of mechanical ventilation, and time on oxygen
therapy, as well as neurodevelopmental outcomes at
two years of corrected age. To allow meaningful com-
parisons between clinical outcomes and physiological
parameters such as SpO,, researchers should favor
parallel-group randomized controlled trial designs over
crossover approaches. Moreover, these studies should
involve large patient cohorts and clearly defined noso-
comial groups. Finally, clinical trials are necessary to
assess and compare the effectiveness of different oxy-
gen regulation algorithms.

Conclusion

AOC in neonatology represents a significant advance-
ment in care, with growing evidence indicating improved
oxygen targeting, fewer episodes of hypoxia and hyper-
oxia, and reduced workload for clinicians. While the
results to date are promising, current AOC systems still
face important challenges, including individual patient
variability, sensor limitations, and difficulties in integrat-
ing these technologies into routine clinical workflows.
Future research should prioritize the optimization of
control algorithms, the development of more accurate
and reliable sensors, and the execution of large-scale
parallel-group randomized clinical trials to assess long-
term outcomes. These efforts will be essential to deter-
mine whether AOC systems should become the
standard of care. As neonatal intensive care continues
to evolve, investing in and refining these technologies
will be critical to improving both the safety and effec-
tiveness of care for preterm infants.
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