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ABSTRACT

Objective To compare the effect of peripheral oxygen
saturation (Sp0,) target range (TR) (either 91%—

95% and 92%—-96%) on the frequency and duration

of hypoxic and hyperoxic episodes while on automated
oxygen control using the OxyGenie controller.

Design Randomised cross-over study.

Setting Tertiary-level neonatal unit in the Netherlands.
Patients Infants (n=27) with a median (IQR)
gestational age of 27+0 (25+5-27+3) weeks and
postnatal age of 16 (10-22) days, receiving invasive or
non-invasive respiratory support.

Interventions In both groups supplemental oxygen was
titrated to a TR of 91%-95% (TR, ) or 92%—96% (TRhigh)
by the OxyGenie controller (SLE6000 ventilator) for 24 hours
each, in random sequence. After a switch in TR, a 1-hour
washout period was applied to prevent carry-over bias.
Main outcome measures Frequency and duration of
hypoxic (Sp0,<80% for =15) and hyperoxic episodes
(Sp0,>98% for =15s).

Results Hypoxic episodes were less frequent when the
higher range was targeted (TR, vs TR, - 2.5(0.7-6.2)/
hour vs 2.4 (0.9-10.2)/hour, p=0.02), but hyperoxic
episodes were more frequent (5.3 (1.8—12.3)/hour vs 2.9
(1.0-7.1)/hour, p<0.001). The duration of the out-of-
range episodes was not significantly different (hypoxia:
4.7 (2.8-7.1)svs 4.4 (3.7-6.5) s, p=0.67; hyperoxia: 4.3
(3.3-4.9)5 vs 3.9 (2.8-5.5) s, p=0.89).

Conclusion Targeting a higher SpO, TR with the
OxyGenie controller reduced hypoxic episodes but
increased hyperoxic episodes. This study highlights the
feasibility of using an automated oxygen titration device
to explore the effects of subtle TR adjustments on clinical
outcomes in neonatal care.

Trial registration number NL9662.

INTRODUCTION

Supplemental oxygen is pivotal for preterm infants
receiving respiratory support. However, the thera-
peutic range is narrow: providing too little oxygen
may lead to hypoxia, which is associated with reti-
nopathy of prematurity (ROP) and impairment of
neurodevelopmental outcomes,’ * but too much
may lead to hyperoxia, linked to bronchopulmo-
nary dysplasia and ROP?> * Consequently, oxygen
must be carefully titrated and automated oxygen
control (AOC) has shown to increase the propor-
tion of time spent with peripheral oxygen satura-
tion (SpO,) within varying SpO, ranges compared
with manual oxygen titration.>~

, Sophie J E Cramer
, Janneke Dekker

, Chantal Schmeits,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Automated oxygen controllers have shown
promise in maintaining peripheral oxygen
saturation (Sp0,) target range (TR) and
reducing the risk of both hypoxia and hyperoxia
in preterm infants, compared with manual
oxygen titration.

= Targeting a slightly higher TR during automated
oxygen control (AOC), in light of the non-linear
oxygen-haemoglobin dissociation curve, could
potentially result in greater SpO, stability due
to the alignment along the less steep part of
the curve, thereby influencing the incidence of
hypoxia and hyperoxia.

WHAT THIS STUDY ADDS

= A 1% minor change in TR from 91%-95% to
92%-96% results in a rightward shift in SpO,
distribution.

= Targeting a higher TR (92%-96%) during AOC
reduces the frequency of hypoxic episodes but
increases the risk of hyperoxia.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND POLICY

= This study provides additional input for
evaluating the advantages and drawbacks
of shifting the TR during AOC, as well as
the necessity of considering individualised

approaches.

The optimal target range (TR) for SpO, is
unclear to date, but the general comprehension
was recently refined as a result of the Neonatal
Oxygenation Prospective Meta-analysis
(NeOProM) trials.!® ™' These trials showed
that targeting a higher TR (91%-95%) reduced
mortality and necrotizing enterocolitis (NEC)
but increased the likelihood of ROP requiring
treatment when compared with a lower TR
(859%-89%). Remarkably, post hoc analyses of
one of the NeOProM trials, Benefits Of Oxygen
Saturation Targeting (BOOST)-II UK, showed
that the SpO, medians achieved in preterm
infants who survived and did not develop NEC
or ROP were higher than originally intended
by the study protocol.”*'® These SpO, distribu-
tions were centred close to 95%, suggesting that
a higher TR might be associated with improved
outcomes for these infants.
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| Assessed for eligiility (n = 123) |

Excluded (n = 32)
. No respiratory support* (n = 27)

Eligible (n = 91)

. No OxyGenie (n = 4)
. Congenital anomaly (n = 1)

(Excluded (n=27)

. Declined to participate (n = 20)

Informed consent (n = 64) |

. No informed consent possible due
to logistic reasons (n =7)

-

é{cluded (n=237)

. No respiratory support at the start of
the study period (n = 30)

\

. Transferred to another hospital (n = 3)

. Dead (n = 3)
B OxyGenie switched off to prepare for

transfer (n=1)

j

| Randomised (n = 27) |

A |

Allocation |

y

Allocated to TRy, (91%-95%) first (n = 14)

. Received allocated intervention (n = 14)

Allocated to TRy, (92%-96%) first (n = 13)

Received allocated intervention (n = 13)

1-hour washout period after TR switch

Switched to TRygn (92%-96%) (n = 13)
. Lost to follow-up (n = 0)
. Discontinued intervention (n = 0)

Switched to TRiow (91%-95%) (n = 14)
. Lost to follow-up (n = Q)
. Discontinued intervention (n = 0)

Analysed (n = 27)

e Excluded from analysis (n = 0) )

Figure 1

Flow diagram. *Patient-triggered ventilation, high-frequency oscillatory ventilation, continuous positive airway pressure with and without

backup breaths, nasal intermittent positive pressure ventilation or high flow nasal cannula. TR, target range.

Additionally, in our previous study we examined two
automated oxygen controllers: OxyGenie controller of the
SLE6000 ventilator (Inspiration Healthcare, South Croydon,
UK) and Closed-loop Inspired Oxygen Control (CLiO,)
controller of the AVEA ventilator (Vyaire Medical, Yorba
Linda, California, USA) within the Comparing Oxygen
Controllers in Preterm Infants (COCKPIT) trial.'* The
OxyGenie has a median TR of 93% and reduced hyperoxia,
while the CLiO, with a median TR of 94% decreased hypoxia.

These outcomes might be attributed to the 1% TR differ-
ence, affecting their position on the oxygen-haemoglobin
dissociation curve.

The oxygen-haemoglobin dissociation curve illustrates the
non-linear relationship between oxygen saturation (SaO,)
and oxygen tension. The effect of a change in partial pres-
sure of oxygen (PaO,) on SaO, becomes smaller when the
blood haemoglobin becomes more saturated with oxygen.
We hypothesised that increasing the TR with 1% (from our
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default 91%-95% to 92%-96%) would result in a more
stable SpO,, a reduction of time spent with SpO,<91% and
similar or less time >96%.

METHODS

Study design

This randomised cross-over trial was conducted at the 21-bed
tertiary-level neonatal intensive care unit (NICU) of the
Leiden University Medical Centre. AOC using the OxyGenie
controller is routine care for preterm infants receiving respi-
ratory support at our NICU, aiming for a TR of 91%-95%.
Detailed information on the algorithm of the OxyGenie can
be found elsewhere.™ '

Study population

Preterm infants born between 24 and 32 weeks of gestation
receiving either invasive or non-invasive respiratory support
were assessed for eligibility. Preterm infants were included
if they met one of the following criteria: (1) receiving
supplemental oxygen (defined as fraction of inspired oxygen
(Fi0,)=0.25) for at least 18 hours during the previous 24
hours or (2) having a coefficient of variation in FiO,>0.1
in the preceding 24 hours. Preterm infants were excluded
in case of major congenital anomalies or arterial hypoten-
sion requiring vasopressor therapy within 48 hours prior to
enrolment.

Study procedures

Preterm infants underwent two consecutive study periods of
24 hours eachinrandom sequence, one witha TR 0of 91%-95%
(TR,,.), and the other with a TR of 92%-96% (TR, Web-
based randomisation (Castor EDC, Amsterdam, The Neth-
erlands) was used for randomisation using permuted blocks
of 4-6. After a switch in TR, a 1-hour washout period was
applied to prevent carry-over bias. After the study period,
the TR was changed back or remained 91%-95%.

If either recorded period was <18 hours due to instability
or a change in the mode of respiratory support, the data
were excluded from further analysis. All treatments during
the study period were conform routine care and ventilation
settings were adjusted at the discretion of the caregiver.

Data collection and analysis
Baseline characteristics were collected from our patient data
management system (PDMS Metavision, IMDsoft, Tel Aviv,
Israel) at the time of enrolment. Collected data included
demographics, such as gestational age, postnatal age, birth
weight, gender, corticosteroids prior to birth and prior to
the study, mode of delivery and Appearance, Pulse, Grimace,
Activity and Respiration (Apgar) score at 1, 5 and 10 min.
SpO, alarms and vital parameters, including SpO,, FiO, and
heart rate were collected at 1 Hz throughout study partici-
pation using Philips Data Warehouse Connect software.
The primary outcomes were the frequency and dura-
tion of hypoxic episodes (SpO,<80% for =1s) and hyper-
oxic episodes (SpO,>98% for =1s). Secondary outcomes
included: the proportion of time spent in the allocated TR,
the proportion of time spent in various degrees of hypoxia
and hyperoxia while receiving supplemental oxygen, the
coefficient of variation for SpO, and FiO,, the average FiO,,
frequencies and mean durations of bradycardic episodes
(HR <100 beats per minute for =10s) and SpO, alarms.

Table 1 Baseline characteristics
Characteristic
(n=27) Definition Statistics Results
Gestational age Weeks+days Median (IQR) 27+0 (25+5-27+3)
Postnatal age Days Median (IQR) 16 (10-22)
Birth weight Grams Median (IQR) 880 (730-998)
Gender Male N (%) 15 (55.6)
Ventilation mode PTV N (%) 4(14.8)
HFOV 0(0)
NIPPV 13.7)
CPAP with backup 6(22.2)
breaths
CPAP without 16 (59.3)
backup breaths
HFNC 0(0)
Weight at study entry Grams Median (IQR) 940 (855-1204)
Allocation at study ~ 91%—95% first N 14
entry 92%-96% first 13
Antenatal Complete N (%) 22 (81.5)
corticosteroids treatment
Incomplete 4(14.8)
treatment
None 1(3.7)
Postnatal N (%) 4(14.8)
corticosteroids before
study commencement
Caesarean delivery N (%) 17 (63.0)
Multiple pregnancy N (%) 11 (40.7)
Surfactant N (%) 26 (96.3)
NSAIDs N (%) 4(14.8)
Diuretics N (%) 4(14.8)
Number of blood Median (IQR) 0(0-2)
transfusions before
study commencement
Number of blood N (%) 0(0)
transfusions during
study period
Apgar score At 1 min Median (IQR) 5(3-7)
At 5min 8 (6-8)
At 10min 8 (6-8)

Apgar, Appearance, Pulse, Grimace, Activity and Respiration; CPAP, continuous
positive airway pressure; HENC, high flow nasal cannula; HFOV, high frequency
oscillatory ventilation; IQR, Interquartile Range; NIPPV, nasal intermittent positive
pressure ventilation; NSAIDs, non-steroidal anti-inflammatory drugs; PTV, patient-
triggered ventilation.

Continuous data are presented as median (IQR) or
mean=SD as appropriate, with standard tests for normality.
For each preterm infant, the time spent within specific
SpO, ranges was collected and expressed as a proportion
of the complete study period. Differences in time within,
under or above TR and other outcomes were assessed with
the Wilcoxon matched-pairs tests. Post hoc analysis was
performed to examine the difference in hypoxic and hyper-
oxic episodes between respiratory stable preterm infants
(=3 hypoxic episodes/hour) and unstable preterm infants
(>3 hypoxic episodes/hour). The intention-to-treat prin-
ciple was applied. Statistical analyses were performed by
IBM SPSS Statistics V.25 (IBM, Armonk, New York, USA). P
values <0.05 were considered statistically significant.

Sample size calculation was based on data from the
COCKPIT trial."* During the COCKPIT trial, preterm infants
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Figure 2 SpO, histograms. Time spent per SpO, value as a proportion of the total study period while receiving supplemental oxygen and ambient air
(total) or while only receiving supplemental oxygen. SpO,, peripheral oxygen saturation; TR, target range.

receiving respiratory support had an average of 5.1%+5.6
episodes/hour with SpO,<80% during OxyGenie control,
with a median SpO, of 93%. During CLiO, control, where
a median SpO, of 94% was achieved, the mean frequency of
episode/hour with SpO,<80% was 1.0%1.0. Using a sample
size calculation for paired statistical testing and assuming

the same SD of 5.6 for the control group, 23 preterm
infants would be needed to detect 4.1 fewer episodes/hour
with 90% power and an o of 0.05. As a non-parametric test
was used, a 15% addition was made to the sample size, as
described by Lehmann'’, resulting in a total of 27 preterm

infants.

F530

Brouwer F, et al. Arch Dis Child fetal Neonatal Ed 2024;109:F527—F534. doi: 10.1136/archdischild-2023-326278

* Aleiqiq snaeepy

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
e G20z ‘02 J18quwiaAoN uo /wod fwg-uy/:diuy woiy papeojumod +z0z Areniged G Uo 8/292€-£202-PI1YISIPY2Ie/9ETT 0T Se paysiignd 1s.1 :p3 [eleUOBN [e18d PIIyD SId Yyoiy


http://fn.bmj.com/

Original research

Table 2 Hypoxic and hyperoxic events
TR

low TRhigh

(91%—-95%) (92%-96%) P value
Hypoxic events
Episodes Sp0,<80% (/hour) 2.4(0.9-10.2) 2.5(0.7-6.2) 0.02
Average duration episode (s) 4.4 (3.7-6.5) 4.7 (2.8-7.1) 0.67
Episodes Sp0,<80% over 10 0.3 (0.0-0.8) 0.2 (0.0-0.9) 0.50
s (/hour)
Hyperoxic events
Episodes Sp0,>98% (/hour) 2.9(1.0-7.1) 5.3(1.8-12.3) <0.001
Average duration episode (s) 3.9 (2.8-5.5) 43 (3.3-4.9) 0.89
Episodes Sp0,>98% over 10 0.2 (0.0-0.7) 0.5 (0.1-1.2) 0.002

s (/hour)

Data in median (IQR).
Sp0,, peripheral oxygen saturation; TR, target range.

RESULTS

During the study period (October 2021 to May 2022),
informed consent was sought from 91 parent couples, of
which 64 agreed to participate (figure 1). After obtaining
informed consent, 37 preterm infants were excluded because
they no longer had respiratory support (n=30), were trans-
ferred to another hospital (n=3), had died (n=3) or the
OxyGenie controller was switched off to prepare for transfer
(n=1). All included infants completed the cross-over study
comparison (n=27) and all study periods were included in
the analysis. The primary allocation involved 14 preterm

Hypoxic events SpO, < 80%
30;

S
2 20]
I
Q
©
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o‘$ } \é‘

Table 3 Hypoxic and hyperoxic events between respiratory unstable
and stable preterm infants

TRInw TRhigh
(92%-96%)

(91%-95%) P value
Respiratory unstable preterm infants* (n=11)
Episodes Sp0,<80% 12.4 (6.2-17.1) 9.2 (4.5-11.2) 0.04
(/hour)
Episodes Sp0,>98% 9.2 (4.3-12.4) 12.4 (5.3-15.7) 0.03
(/hour)
Respiratory stable preterm infantst (n=16)
Episodes Sp0,<80% 1.3 (0.5-2.0) 1.0 (0.2-1.7) 0.12
(/hour)
Episodes Sp0,>98% 1.9 (0.6-2.9) 3.6 (0.8-7.1) 0.007
(/hour)

Data in median (IQR).

* Respiratory unstable preterm infants = hypoxic episodes > 3 /hour.

t Respiratory stable preterm infants = hypoxic episodes < 3 /hour. Threshold of 3 is
derived from the national recommendations for apnoea in preterm infants.

Sp0,, periheral oxygen saturation; TR, target range.

infants in TR (91%-95%) and 13 preterm infants in TR
(92%-96%).

Fifteen preterm infants were male (56%), the median
gestational age at birth was 2740 (25+5-27+3) weeks,
the postnatal age was 16 (10-22) days and the median birth
weight of the preterm infants was 880 (730-998) grams
(table 1).

high

Hyperoxic events SpO, > 98%
30,

S
2 20]
I
Q
©
(o]
@
210
o N N
o\o o\o
\096 096
Q Q
R
0$ Q

Figure 3 Comparison between the frequency of hypoxic episodes (Sp0,<80% for 1) and hyperoxic episodes (Sp0,>98% for =15). Sp0,,

peripheral oxygen saturation; TR, target range.
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Table 4 Secondary outcomes regarding oxygenation, incidence of
bradycardia and Sp0, alarms

TRIow TRhigh
(92%-96%)

(91%-95%) P value
Proportion of time within Sp0, ranges
Sp0, 91%-95% 76.3 (68.9-86.4) 70.6 (61.5-87.3) 0.002
Sp0, 91%-96% 81.3(74.7-89.9) 80.6 (73.0-91.0) 0.17
Sp0, 92%-96% 74.0 (64.5-81.3) 75.9 (68.9-87.2) 0.001
Sp0,<80% 0.5 (0.1-1.3) 0.4 (0.1-1.5) 0.14
SpO, 80%-84% 1.4 (0.4-2.7) 1.2 (0.4-2.3) 0.01
Sp0, 85%-89% 8.2 (4.3-10.1) 5.5(2.8-7.6) <0.001
SpO, 85%-90% 12.6 (8.0-14.7) 8.4 (5.2-10.9) <0.001
Sp0,<91% 15.5 (8.5-20.0) 10.3 (5.3-14.7) <0.001
Sp0,<92% 23.2 (17.0-27.1) 16.7 (9.8-19.5) <0.001
Sp0,>95% 8.1(4.8-14.2) 16.2 (8.8-24.7) <0.001
Sp0,>96% 2.6 (1.6-5.7) 6.8 (2.4-11.3) <0.001
Sp0, 96%-98% 7.4 (4.2-13.5) 15.3 (8.7-22.6) <0.001
Sp0, 97%-98% 2.4(1.4-5.1) 5.9(2.3-9.9) <0.001
Sp0,>98% 0.4 (0.1-0.9) 0.9 (0.3-1.5) 0.005
Coefficient of variation
Sp0, (%) 1.5(1.1-1.8) 1.4 (1.1-1.7) 0.68
Fi0, (%) 2.0(1.7-2.5) 2.0(1.5-2.7) 0.27
Average FiO,*
Average Fi0,* (%) 29.8 (25.6-37.3] 30.6 (26.1-36.5) 0.006
Bradycardic episodes (<100 bpm for >105)
Frequency (/24 hours) 4.0 (1.0-9.0) 3.0 (1.0-6.0) 0.97
Mean duration (s) 17.0 (11.0-23.6) 16.0 (11.7-22.9) 0.92
SpO, alarmst
Frequency (/24 hours) 52.0 (26.8-75.3) 55.5 (27.8-121.3) 0.66
Mean duration (s) 7.2 (6.3-8.2) 7.4 (6.0-8.3) 0.89

Data in median (IQR).

*Average FiO, is based on measured FiO,

tData were available for 24 preterm infants.

Fi0,, fraction of inspired oxygen; SpO,, periheral oxygen saturation; TR, target range.

Histograms of pooled SpO, data during the two TR
periods, while receiving supplemental oxygen and ambient
air (total) and only while receiving oxygen, are shown
in figure 2. These histograms have the same shape and
demonstrate a rightward shift in the distribution of SpO,
values during the TR, period. The proportion of missing
signal was 2.2% during TR, and 2.1% during TR, while
receiving supplemental oxygen and ambient air (total) and
2.3% during TR and 2.3% during TR, while receiving
oxygen.

The frequency of hypoxic episodes in TR, was lower
compared with TR, , but the duration was not significantly
different (table 2). Conversely, there was an increase in the
frequency of hyperoxic episodes in the higher TR, and again the
duration was not significantly different.

Of the 27 patients, 20 (74%) had more hypoxic episodes in
the TR, group and 22 patients (81%) had more hyperoxic
events in the TR, group (figure 3).

For the post hoc analysis, infants that were defined as being
respiratory unstable had significantly fewer hypoxic episodes
in TR, compared with TR, but a significant increase in the
number of hyperoxic episodes. While the TR did not affect the
number of hypoxic episodes in infants who were considered
respiratory stable, TR, again resulted in a significant increase
in the number of hyperoxic episodes (table 3).

h

The proportions of time within the TR, hypoxic ranges and
hyperoxic ranges are shown in table 4. While there were no
differences in time with SpO,<80% between the groups, the
duration of time spent in other hypoxic ranges was all signifi-
cantly shorter in the TR, , group. Additionally, the TR, group
showed significantly higher durations in the hyperoxic ranges
compared with the TR group. The coefficient of variation for
FiO, and SpO, was similar for both TR periods. The average
delivered FiO, was higher during the TR, period. There was
no significant difference between the frequencies and mean
durations of bradycardic episodes and SpO, alarms between the
two TR periods.

DISCUSSION

This randomised cross-over study demonstrated that targeting
a TR of 92%-96% led to fewer episodes of hypoxia but more
episodes of hyperoxia when compared with a TR of 91%-95%.
The difference is also apparent from the SpO, histogram
which displays a rightward shift in the SpO, distribution when
targeting the higher TR, resulting in less time spent in the
hypoxic ranges and more time spent in the hyperoxic ranges.
These results suggest that a small change in TR during AOC can
reduce the frequency of hypoxic episodes but increases the risk
of hyperoxia.

The rationale of the study was to increase the TR by 1% as
demonstrated in the COCKPIT trial.'* We hypothesised that
targeting a higher TR using AOC would result in less time spent
under the TR due to the non-linear relationship between SaO,
and PaO, as depicted in the oxygen-haemoglobin dissociation
curve. The transition from fetal haemoglobin (HbF) to adult
haemoglobin (HbA) shifts this curve leftward due to HbF’s higher
oxygen affinity.'® Transfusions can further alter this by increasing
HbA concentration, requiring higher PaO, for the same SpO,,
and increasing oxygen toxicity risk.'”' HbF percentages were
not measured in this study, but their impact seemed minimal,
as each preterm infant served as their own control within the
relatively short 49-50hours study period, with no transfusions.
However, the variation in results, where not all preterm infants
showed reduced hypoxia and increased hyperoxia during the
TR, period, could potentially be influenced by the HbF differ-
ences. This could be due to the varying postmenstrual ages and
the fact that 13 patients (48.1%) had received transfusions prior
to the study period.

An intriguing finding of our subanalysis was that differences in
episodes, both with too much and too little oxygen, were signifi-
cantly more pronounced in infants who initially experienced
relatively frequent episodes of intermittent hypoxia. It could be
speculated that, especially for this subgroup, the slightly higher
TR could be beneficial. Importantly, the observed differences
among infants may be influenced by variations in HbF but also
by the likelihood that infants with a history of more hypoxaemic
episodes beforehand have distinct oxygenation needs. This
emphasises the importance of considering individual variations
and needs when establishing oxygen targets for preterm infants.

Finding the optimal TR has been the subject of many studies.
The NeOProM trials showed good evidence that a TR of
91%-95% for preterm infants is associated with improved
outcomes when compared with a lower TR.'* ! The BOOST-II
UK trial indicated that preterm infants who survived and did
not develop NEC had SpO, distributions centred close to
95%.'* 3 This suggests a potential, yet unrecognised, survival
advantage with a slight increase in TR, but the risks and benefits
of higher TRs remain unknown. Christie et al conducted the
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first investigation of SpO, stability in preterm infants by manu-
ally targeting the SpO, in the range of 92%-97%, as compared
with the standard TR of 919%-95%.%* This study showed that
targeting in a range of 92%-97% resulted in a rightward shift in
SpO, distribution, reducing the time spent at SpO2 levels <90%
and increasing time spent with SpO,>97%.

However, the NeOProM trials and Christie et al used manual
oxygen titration, whereas AOC has demonstrated its ability to
improve SpO, targeting across different SpO, ranges, resulting in
reduced time spent in hypoxic ranges and a decreased number of
hypoxic events when compared with manual oxygen control.”™
Our study, using AOC, showed high percentages of time within
the set TRs, making it a trial that is able to demonstrate differ-
ences in clinical presentation regarding the set TR. Further-
more, the notably higher percentage of time spent in each TR
for their respective allocations emphasises the effectiveness of
the OxyGenie controller. This outcome strongly supports the
success of AOC implementation in our NICU.

So far, two studies examined different TRs while using an
AOC algorithm, namely the CLiO, of the AVEA ventilator.”’ **
Narrowing the TR during AOC (from 87%-93% to 90%-93%%
and 86%-94% to 89%-91%*) reduces the time spent in
hypoxic ranges, but the risk of hyperoxia may depend on the
set TR and corresponding median SpO,. Our study is the first
study that investigated the effect of two TRs (91%-95% and
92%-96%) on AOC on the SpO, stability in preterm infants.
Our findings align with Christie et al,** showing a rightward
shift in the SpO, distribution, reducing time in hypoxic ranges
and increasing time in hyperoxic ranges. Even our subanalysis
showed that respiratory unstable patients had fewer hypoxic
episodes but more hyperoxic episodes during the higher TR
of 92%-96%. Similarly, Kelly et al explored the relationship
between PaO, (using intermittent arterial blood gasses) and
SpO, in preterm infants and showed that PaO, values >10.7
kPa are uncommon with SpO, readings <98%.” These results
suggest that higher TRs could be studied in clinical trials without
a substantial likelihood of hyperoxia. However, the different
AOC algorithms vary in their functioning and approach to
maintain SpO, levels within the set TR,'® leading to different
outcomes in managing the risks of hypoxia and hyperoxia as
represented in the COCKPIT trial."*

This study has some limitations. First, the effects of the
two TRs during AOC were evaluated during a relatively
short period of 49-50 hours which may not be representa-
tive of the many weeks that most preterm infants require
supplemental oxygen. Additionally, preterm infants were
also included at different times after admission and post-
menstrual ages. Furthermore, our study population consisted
of very preterm infants. Older infants have a lower oxygen
demand and more stable respiratory periods, which typically
occur at a postmenstrual age of 30 weeks or older,'* making
them challenging to include in the study. Moreover, during
the study period, the only altered variable was the TR, while
standard care for all treatments remained consistent. There-
fore, the comparison of the two TRs did not include other
factors that might also impact SpO,, such as positive end-
expiratory pressure levels or caffeine usage.

In conclusion, targeting a 1% higher TR (from 91%-95%
to 92%-96%) resulted in fewer hypoxic episodes but more
hyperoxic episodes in preterm infants. Not all infants showed
reduced hypoxia and increased hyperoxia during the TR,
period. Our study creates further rationale to determine the
benefits and risks of shifting the TR and whether an indi-
vidual approach is needed.
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