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Background: Cerebral hypoxia-ischemia impairs brain
development in extremely preterm infants and is associated
with poor neurological outcomes. Near-infrared spectros-
copy (NIRS) is a noninvasive continuous monitoring me-
thod for regional cerebral oxygen saturation (rcSO,).
Purpose: This study evaluated the clinical feasibility and
neurological impact of a neurocritical care bundle that
incorporates prolonged multidisciplinary hemodynamic
monitoring and a stepwise management algorithm.
Methods: Preterm infants with a gestational age (GA) <28
weeks or birth weight (BW) <1,000 g were prospectively
enrolled in a bundle group subjected to NIRS for rcSO,,
electrical cardiometry for cardiac output, and daily brain
and cardiac echography during the first 72 hours of life.
Monitoring was repeated weekly in the first month and
then monthly until discharge or the term-equivalent
age (TEA) was reached. We implemented a stepwise
management algorithm for treating cerebral hypoxia.
The primary outcome was a composite of mortality and
adverse neurological events (structural abnormalities or
electroencephalogram-confirmed seizures) before dis-
charge. The secondary outcomes were the physiological
pattern of rcSO, within the initial 72 hours and up to
discharge or TEA.

Results: Thirty preterm infants (GA, 27.1:2.0 weeks; BW,
830+225 g) were enrolled in the bundle group. The mean
time-averaged rcSO, (66.8%*10.3%) was not associated
with GA or BW. However, postnatal age appeared to in-
fluence physiological rcSO, changes, given that rcSO;
values were higher during the initial 72 hours than at
subsequent intervals. Seven infants (23.3%) had poor

outcomes and significantly lower time-averaged rcSO,
(51.1% [50.0%-65.2%] vs. 71.8% [671%-73.1%], P=0.002).
Multivariate regression indicated that a lower rcSO, was
an independent risk factor, and a 65% threshold showed
an optimal predictive value for poor outcomes.

Conclusion: The neurocritical care bundle helped
identify preterm infants at risk of cerebral hypoxia, and
lower rcSO, was an independent risk factor for composite
mortality and adverse neurological outcomes.
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Key message

Question: Is prolonged monitoring of regional cerebral
oxygen saturation (rcSO;) and hemodynamic parame-
ters a feasible approach? Can these measures predict the
neurological outcomes in extremely preterm infants?

Finding: We used a neurocritical care bundle from birth
to discharge or term-equivalent age. Infants with poor
outcomes had significantly lower rcSO, values.

Meaning: Understanding rcSO; and hemodynamic para-
meters may help manage cerebral hypoxia and reduce
neurological complications in extremely preterm infants.

Introduction

As the survival of extremely preterm infants improves,
there is also an increase in the neurological disabilities
in the survivors. Among those born with a birthweight
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lower than 1,000 grams, up to 50% would be diagnosed
with neurodevelopmental impairment by 2 years of age.?
Causative risk factors mainly point to cerebral hypoxia-
ischemia related neuronal injury, and deranged brain
growth afterwards.>® To pursue the imperative goal of
intact survival for these high-risk neonates, the concept of
neurocritical bundle care has been increasingly emphasi-
zed and implemented. Strategies for neurocritical care
provide an interface between the brain and other organ
systems for comprehensive medical and specialized neu-
rological support, so as to deliver sufficient oxygen to meet
tissue metabolic demands. Patients in the neonatal inten-
sive care unit (NICU) are among those who would benefit
the most from neurocritical care. Yet in reality limitations
usually come from reliable monitoring of the macro- or
microcirculation in the tiny patients to ensure a normal
physiology.”)

Near-infrared spectroscopy (NIRS) employs the distinct
absorption properties of oxygenated and deoxygenated
red blood cells when exposed to near-infrared light.® It
serves as a monitoring device for measuring cerebral
oxygenation. Regional cerebral oxygen saturation (rcSO,)
represents tissue oxygen saturation of the brain, while
fractional tissue oxygen extraction (FTOE), calculated as
the formula: (Sa0,-rcSO;)/Sa0,, indicates oxygen utiliza-

tion.” The balance between oxygen supply and utilization
provides insight in neonatal cerebral pathophysiology.
Normal rcSO; is approximate 65%-85% in neonates, and a
low rcSO; <55% may cause adverse effects on the brain.>%
By integrating rcSO, and FTOE, clinicians can explore
potential causes of abnormal cerebral oxygenation and
formulate appropriate responses.'*?)

To keep adequate tissue oxygenation also relies on an
efficient cardiopulmonary function and an intact regio-
nal distributive mechanism. For brain tissue, delivery of
oxygen consists of three major macro-circulatory compo-
nents: cardiac output (CO), cerebral blood flow (CBF), and
oxygen-saturated hemoglobin. Lately, the noninvasive
impedance-based CO monitor has been increasingly ap-
plied and the reference values been validated in preterm
infants.>® In NICU, functional echography (fEcho) has
become a mainstream to assess CBF while screening for
intraventricular hemorrhage (IVH) or patent ductus arte-
riosus (PDA).'® These hemodynamic monitoring devices
are currently available and clinically applied in preterm
infants.

Previous study demonstrated that using NIRS to monitor
rcSO; and guide clinical management during the initial 72
hours of life could mitigate the burden of cerebral hypoxia
in preterm infants.'” However, the protective effect did
not bring about an improved long-term outcome.”'® Some
of the major critiques for not able to achieve the study
goals include inadequate rcSO, monitoring for all critical
points of the hospital stay, the shortage of all-around
multidisciplinary monitoring to assist diagnosis, and in-
consistency of implementation of the proposed manage-
ment guidelines.

In this study, we designed a neurocritical care bundle
including NIRS, noninvasive CO monitor, and fEcho to
monitor their cerebral hemodynamic status, and set up a
step-wise triaging and treatment protocol for the remedy
of its disturbances. By doing so, we aimed to secure better
neurodevelopmental outcomes in the extremely low birth
weight (BW) preterm infants.

Methods

1. Study population

This prospective study was conducted in the neonatal
intensive care unit of Chang Gung Memorial Hospital
Linkou Branch between September 2022 and July 2023.
Preterm infants of gestational age (GA) no greater than 28
weeks or BW between 500-1,000 grams would be enrolled
at birth, with the exclusion criteria of major congenital
anomalies or evidence of severe perinatal asphyxia (5
minutes Apgar score <5) before enrollment.
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An a priori power analysis was conducted for linear
multiple regression using a random model. Assuming an
effect size of R? 0.30, an alpha level of 0.05, and a statistical
power of 0.80, the required sample size was calculated
to be 28 subjects for detecting a significant association
with one predictor variable. To ensure adequate power, a
total of 30 preterm infants was planned for enrollment
in the bundle care group. The Institutional Review Board
of Chang Gung Medical Foundation approved this study
(202102305B0C601) and written informed consents were
obtained from study infants’ parents.

2. Monitoring devices

Hemodynamic monitoring devices included NIRS
(INVOS 5100c¢, Medtronic, USA) with neonatal cerebral
sensors for rcSO, measurement, Aesculon electrical car-
diometry (EC, Osypka Medical, Germany) for noninvasive
CO assessment, and Acuson P300 ultrasound machine
with a 4-11 MHz transducer (Siemens Healthcare, Ger-
many) for cerebral and cardiac echographic evaluation.
Target rcSO, has been suggested to be ranging from
65% to 85%,%Y even utilizing neonatal sensors,’® and
cerebral hypoxia was defined as rcSO, <55%.>'% The
reference range of FTOE is suggestive 10%-40%,” and
normal CO was set at >0.15 L/kg/min based on our
previous studies.>* Appropriate blood pressure (BP) was
defined as the value of mean BP greater than individual’s
postmenstrual age in weeks.

Peak systolic velocity, end-diastolic velocity, and mean
velocity of left middle cerebral artery (MCA) flow were
measured using fEcho to assess CBF. Reference values
for MCA flow in preterm infants were adapted from Ro-
magnoli et al.?? and the normal range was kept between
10th to 90th percentile.'®?? A hemodynamically significant
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PDA (hsPDA) was defined as ductal diameter >2.0 mm or
left atrium to aortic root (LA/Ao) ratio >1.4 which was also
associated with abnormal organ blood flows.!

3. Study protocol

For each eligible infant, a brain fEcho was performed
prior to enrollment to screen for IVH. Once an infant was
enrolled, a set of noninvasive hemodynamic monitors
including NIRS+EC were applied within the 6 hours
after birth and continuously measured rcSO, and CO,
as well as daily brain and cardiac fEcho, during the ini-
tial 72 hours of life. If the neonate remained stable, the
NIRS+EC monitoring was scheduled weekly for at least
I-hour sessions during the first month and subsequently
extended to monthly sessions until discharge or reaching
term-equivalent age (TEA). Both brain and cardiac fEcho
assessments were performed concurrently with each
NIRS+EC monitoring session. The monitoring protocol is
demonstrated in Fig. 1.

4. Management algorithm

As previously published studies'®"® and our own pre-
liminary experiences, a management algorithm was de-
signed to maintain infants’ rcSO, and FTOE within target
ranges. Since rcSO, is correlated positively with SaO,
and negatively with abnormal CBE our algorithm was
following a rationale of “lung-CBF-metabolism” steps, as
shown in Fig. 2.

5. Outcomes

Serial brain fEcho were conducted per study protocol,
and IVH =3, periventricular leukomalacia (PVL) or ven-
triculomegaly confirmed by independent pediatric neu-
rologists were considered abnormal. Additionally, brain

JfEcho
> / brain ... ’ . ‘ ‘ . ‘
N5 / heart
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.. el 23 7 14 21 28 56 84/TEA
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Fig. 1. Study protocol. Continuous noninvasive CO monitoring and NIRS for rcSO2 were
applied within 6 hours after birth and maintained during the initial 72 hours of life, followed
by scheduled 1-hour sessions weekly during the first month and monthly thereafter until
discharge or until TEA. fEcho of the brain and heart was performed daily for the first 3 days
and then concurrently with each NIRS+CO monitoring session at later time points. Brain
MRI was performed at TEA or before discharge to assess structural outcomes. CO, cardiac
output; fEcho, functional echography; MRI, magnetic resonance imaging; NIRS, near-infrared
spectroscopy; rcSOz, regional cerebral oxygen saturation; TEA, term-equivalent age.
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magnetic resonance imaging (MRI) was obtained at TEA
or before discharge, with abnormalities including IVH
23, PVL, abnormal white matter signals or cerebellar
hemorrhage (CBH) identified by an independent radiolo-
gist. The primary outcome was the composite of mortality
and adverse neurologic events including structural ab-
normality on brain fEcho or MRI, or electroencephalo-
gram (EEG)-confirmed seizure, assessed at TEA or before
discharge. The secondary outcomes were physiologic
pattern of rcSO, and FTOE during the early transitional
period (within the first 72 hours), as well as their trajec-
tories up to discharge or TEA. Additional analyses focused
on rcSO, and FTOE characteristics among preterm in-
fants under specific conditions such as hsPDA or IVH.
For mortality cases during hospitalization, continuous
parameters (e.g, time-averaged rcSO, and FTOE) were
calculated based on each infant’s actual lifespan, and cate-
gorical outcomes were classified according to final clinical
condition.

6. Statistics

Student t test or Mann-Whitney U test was used for
parametric and nonparametric continuous data, respec-
tively, whereas chi-square or Fisher exact test was used for
categorical data. Time series variables were analyzed with
repeated measure analysis of variance (RM-ANOVA) for

intra- and between- variables difference. Time-averaged
rcSO; and FTOE were calculated based on mean value
of respective specific time intervals to represent overall
mean rcSO; and FTOE (Supplementary Fig. 1). Receiver
operating characteristic (ROC) curve was employed to
determine the cerebral hypoxia cutoff for composite
poor outcomes. Sample size estimation was performed
using G*Power 3.1 (Heinrich Heine University, Germany)
and statistical analyses were conducted with IBM SPSS
Statistics ver. 24.0 (IBM Co., USA), with a significance level
setat P value <0.05.

Results

Eighty-four extremely preterm infants were admitted
to our unit during the study period, and 8 infants who had
received chest compressions or experienced perinatal
asphyxia were excluded from enrollment. Because there
was only one set of NIRS+tEC monitors was available
in situ, 44 of the remaining infants were unable to be
enrolled either because the monitor device was still in use
or only one twin could participate. Two additional infants
were excluded due to parental refusal. Consequently, a
total of 30 extremely preterm infants (GA, 27.1+2.0 wk; BW,
830+225 g) were included in the neurocritical care bundle
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Fig. 2. Management algorithm. A stepwise management algorithm for abnormally low
cerebral saturation (rcSO2 <55% or FTOE >40%) based on the “lung-CBF-metabolism”
rationale. AED, antiepileptic drug; CBF, cerebral blood flow; CO, cardiac output; EEG,
electroencephalogram; fEcho, functional echography; FiOz, fraction of inspired oxygen;
FTOE, fraction of tissue oxygen extraction; IICP, increased intracranial pressure; IVH,
intraventricular hemorrhage; MAP, mean airway pressure; MBP, mean blood pressure;
PDA, patent ductus arteriosus; PMA, postmenstrual age; rcSOz, regional cerebral oxygen
saturation; Resp, respiration; SaOz, arterial oxygen saturation; tpCOz2, transcutaneous

carbon dioxide monitor.
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group. The enrollment flowchart is demonstrated in
Supplementary Fig. 2. Patients’ demographic characteris-
tics are presented in Table 1.

Within the initial 72 hours, the bundle group had
mean rcSO,, Sa0, and FTOE of 77.8%*5.7%, 95.1%*1.9%
and 17.8%*4.9%, respectively. For this time period, the
median duration of rcSO, <55% was 0.24% (0.12-1.13) of
the time. Their overall time-averaged rcSO, and FTOE
were 66.8%10.3% and 27.7%+10.0%. Neither 72-hour nor
overall time-averaged rcSO, or FTOE correlated with an
individual's GA or BW. Also, there was no rcSO, or FTOE
difference seen between different sex, method of delivery
or if patient was small-for-gestational-age (SGA, BW<10th
percentile) or not. However, we noticed that infants with
hsPDA or IVH had specific cerebral saturation patterns.
Infants whose hsPDA fulfilled both criteria of diameter
>2.0 mm and LA/Ao >1.4 had a tendency of lower rcSO,,
higher FTOE, and a significantly higher CO, comparing

Table 1. Subgroup analysis of infants with different outcomes

Poor outcomes  Intact survivors

Variable (n=7) (n=23) Pvalue
Gestational age (wk) 26.7(23.1-28.3) 27.6(26.1-28.3) 0.598
Birthweight (g) 585(533-640) 890 (755-1,120) <0.001”
Male sex 3(42.9) 9(39.1) 1.000
Small-for-gestational age 5(71.4) 4(17.4) 0.014°
Cesarean section 5(71.4) 17 (73.9) 1.000
Apgar scores 1 min 5(5-6) 6(5-7) 0.077
Apgar scores 5 min 7(7-8) 8(7-9) 0.311
Antenatal steroid 5(71.4) 21(80.8) 0.225
Antenatal magnesium sulfate 4(57.1) 17(73.9) 0.640
Major postnatal events
Use of surfactant 7 (100) 13(56.5) 0.064
Use of HFO 6(85.7) 3(13.0) 0.001”
Inhaled nitric oxide 4(57.1) 3(13.0) 0.033"
PDA surgical ligation 2(28.6) 6(26.1) 1.000
NEC modified Bell's stage >2 1(14.3) 0(0) 0.230
Bacteremia culture-proven 3(42.9) 8(34.8) 1.000
Hemodynamic parameter,
initial 72 hr
rcS02 (%) 739(66.6-77.1) 79.2(75.9-83.1) 0.019”
FTOE (%) 21.2(15.8-25.1) 17.1(13.7-194) 0.118
Sa0z2 (%) 94.7(92.0-95.5) 95.3(94.1-97.2) 0.144
HR (beats/min) 159 (140-162)  152(147-164)  0.532
SV (mL/kg) 1.48(1.18-1.54) 1.52(1.27-1.72) 0.501
CO (mL/kg/min) 208(188-248)  239(186-250)  0.701
Time-averaged rcSO2 (%) 51.1(50.0-652) 71.8(67.1-73.1)  0.002>"
Time-averaged FTOE (%) 27.9(18.9-43.7) 25.4(21.9-29.0) 0.532

Values are presented as median (interquartile range) or number (%).

HFO, high frequency oscillator; PDA, patent ductus arteriosus; NEC, necroti-
zing enterocolitis; rcSO2; regional cerebral oxygen saturation; FTOE, fraction
tissue oxygen extraction; SaOz, arterial saturation; HR, heart rate; SV, stroke
volume; CO, cardiac output.

Istatistical significance by Mann-Whitney U test or Fisher exact test. "’Stati-
stical significance in a multivariate regression model including small-for-
gestational-age, HFO, and time-averaged rcSO2.

Boldface indicates a statistically significant difference with P<0.05.

to infants with only one criterion for hsPDA or infants
without hsPDA. In addition, infants who required surgical
ligation of PDA had significantly lower rcSO, and higher
FTOE than those did not receive ligation (RM-ANOVA
between-group P=0.020 and P=0.024, respectively), especi-
ally from postnatal age 7 through 28 days. The trends of
lower rcSO; and higher FTOE persisted even after ligation
(Fig. 3A and B). In addition, 2 infants developed high-grade
IVH, and subsequent investigation revealed that they had
significantly low rcSO, and high FTOE after high-grade
IVH occurred. After excluding 4 mortality cases (2 of
them also with high-grade IVH), data from 26 infants (20
without IVH, 6 with grade 1-2 IVH) showed no significant
differences in either rcSO, or FTOE at any specific time
points. Furthermore, the trends in rcSO, and FTOE did
not vary much among infants without IVH and with grade
1-2 IVH (RM-ANOVA between-group P=0.403 and P=0.45],
respectively) (Fig. 3C and D).

In terms of primary outcome, there were 4 mortality
cases (2 died of respiratory failure at postnatal age 10 and
18 days, 1 renal failure at 3 weeks, 1 hospice after severe
NEC at 2 months of age), and 2 of them also developed
grade 4 IVH. Three additional infants had abnormal brain
fEcho and/or MRI results (2 ventriculomegaly, 1 PVL and 1
CBH). Two infants had EEG-confirmed seizure, and both
of them also had abnormal brain images (grade 4 IVH and
PVL, respectively). After all, there were 7 patients (23.3%)
in the bundle group who had poor neurologic outcomes.
We found cases with composite poor outcomes were
smaller (BW 585 [533-640] g vs. 890 [755-1,120] g, P<0.001),
more likely to be SGA, and had higher percentage in
using high frequency oscillator (HFO) and inhaled nitric
oxide. They also had lower rcSO2 during initial 72-hour
(73.9% [66.6%-771%)] vs. 79.2% [75.9%-83.1%)], P=0.019) and
lower time-averaged rcSO, (51.1% [50.0%-65.2%] vs. 71.8%
[67.1%-73.1%), P=0.002) (Fig. 4A and B). In the multivariate
regression model including SGA, use of HFO, and time-
averaged rcSO,, lower time-averaged rcSO, remained an
independent risk factor for composite poor outcomes.

A post hoc analysis was performed to determine the
predictive value of initial 72-hour and time-averaged
rcSO; for composite poor outcomes. The ROC for initial 72-
hour rcSO; showed an area under the ROC curve (AUC) of
0.795 (95% confidence interval [CI], 0.626-0.965; P=0.020)
and cutoff rcSO, 76% (sensitivity, 0.739; specificity, 0.714),
while the ROC for time-averaged rcSO, showed a more
significant AUC 0.876 (95% CI 0.710-1.000), P=0.003) and
cut-off rcSO, 65% (sensitivity, 0.857; specificity, 0.870) (Fig.
4CandD).

To demonstrate the physiologic evolution of hemody-
namic parameters from early life to later postnatal stages,
Table 2 summarized the trajectories of rcSO,, Sa0,, FTOE,
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Fig. 3. rcSO2 and FTOE changes in extremely preterm infants by PDA status and IVH
severity. (A) rcSO2 was significantly lower in infants who underwent PDA ligation
(red triangles) than in those who did not require ligation (blue circles) (RM-ANOVA,
P=0.020)("]), with the most notable difference on postnatal days 7, 21, and 28 (*).
The pilcrow (9) symbol indicates significant between-group trending difference,
whereas an asterisk (*) symbol indicates significant difference at specific timing
points. (B) FTOE expression was correspondingly higher in the ligation group (RM-
ANOVA, P=0.024)()), with the greatest differences observed on postnatal days 7,
21, and 28 (*) as well. (C) Markedly low rcSO2 was observed in 2 individual cases of
grade 4 IVH (gray and black squares). The dagger (t) symbol indicates the timing of
IVH diagnosis on brain echography. No significant difference in rcSO2 was observed
between infants without IVH (light green circles) and those with grades 1-2 IVH
(dark green diamonds). (D) A similar pattern was observed for changes in the FTOE
across these groups. rcSOz, regional cerebral oxygen saturation; FTOE, fraction
of tissue oxygen extraction; PDA, patent ductus arteriosus; IVH, intraventricular

hemorrhage; RM-ANOVA, repeated-measures analysis of variance.

and CO in neurologically intact infants. We found that
mean rcSO, within the initial 72 hours was higher, while
FTOE and CO were lower, compared to the subsequent
time points (RM-ANOVA, P<0.001).

Discussion

In this pilot study, we demonstrated that implementing
aneurocritical care bundle comprised of multidisciplinary
monitoring and stepwise management algorithm for
prolonged postnatal critical periods is applicable in the
NICU. This is also the first study to monitor rcSO,, FTOE,
and CO in combination at specific intervals from birth to
discharge or TEA, which enlightened our understanding
of the interplays of vital hemodynamic elements in these
preterm infants. Notably, we recognized lower rcSO; a risk
factor for in-hospital mortality and/or poor neurologic
events in extremely preterm infants.

For a care bundle that relies on multiple monitoring
devices, feasibility in routine clinical settings and the capa-
city of personnel to interpret and manage abnormal values

are crucial. In our study, introductory training on NIRS
and EC was provided to primary caregivers, including
residents and nurses, to familiarize them with the devices.
Bedside instruction cards were also available to guide
device setup and the stepwise management algorithm.
As a result, the care team was able to consistently adhere
to the protocol and deliver a prompt first-line response to
cerebral saturation disturbances.

We found that neither the first 72-hour nor time-averag:
ed rcSO; correlated with GA or BW. This finding suggested
that a consistent standard could be uniformly applied for
monitoring rcSO; in preterm infants of varying degrees
of maturation or diverse demographics. However, post
natal age should be considered as a factor influencing
physiologic changes in rcSO,. We observed that rcSO,
during the initial 72 hours was higher than during the sub-
sequent time intervals, despite consistent SaO, throughout
the study period. These findings suggested the presence
of distinct hemodynamic setpoints during the fetal-
neonatal transitional period, and raise the possibility that
cerebral metabolism is relatively suppressed during the
short-term perinatal period, which could account for the
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Table 2. Summary of the trend of hemodynamic parameters based on neurologically intact infants

Variable 0-24 Hours 24-48 Hours 48-72Hours | <72Hours 7-10Days 14-17 Days 21-24 Days 28-31Days 56-60Days 84-87 Days R’;A\'g:\lﬂng
rcSOz2 77.246.4 79.8+4.5 80.545.6 | 79.3#5.0°  72.246.0 71.146.1 69.146.6 67.97.1 68.9+7.3 70.7+7.6 0.001¢
Sa0z2 95.5+2.0 95.3+2.0 95.6£24 | 95.5+1.7 94.143.5 95.3+3.6 94.613.7 94.8+3.8 95.9+3.3 97.4+2.7 0.234
FTOE 19.546.7 16.2+4.5 161450 | 16.8+427  23.3#63 25.3+75 26.9+7.5 28.3+8.1 28.3+74 27.3+7.1 <0.001°
Cco 021+0.04  0.23+0.05 023:0.04 | 022+0.04° 026004 027+0.04 026+0.04 024:004 023+0.03 0.22+0.03 <0.001°

Values are presented as meantstandard deviation.

rcSO2, regional cerebral saturation; SaOz, arterial saturation; FTOE, fraction of tissue oxygen extraction; CO, cardiac output; RM-ANOVA, repeated-measures

analysis of variance.

Isignificant within-group difference of rcSO2, FTOE and CO between the mean values of the initial72 hours and subsequent time points. ®Time sequence data
of hemodynamic parameters from the first 72 hours average to postnatal 84-87 days were analyzed using RM-ANOVA (dark column). 9Significant within-group

difference.

elevated rcSO, and reduced FTOE. Similar finding has
been reported that cerebral oxygen metabolic rates were
relatively low within the first week in preterm infants.?
This study offered valuable insights in terms of cerebral
saturation for infants with hsPDA and IVH. In agreement
with previous studies, infants with hsPDA, especially those
required PDA ligation, were at risk for cerebral hypoxia
and increased FTOE, and the negative impacts persisted
in their neonatal period even after treatment.?>?® This
reminded clinicians that surveillance for neurodevelop-
mental abnormality is warranted for infants at risk even
after PDA closure. This study confirmed that infants with
severe IVH would encounter cerebral hypoxia (low rcSO,)

and hypoperfusion (high FTOE). However, due to scant
severe IVH cases, we won't be able to conclude how bad
was the cerebral hemodynamic disturbance or when the
severe IVH developed.

In SafeBoosC-III trial, Hansen et al'® applied NIRS to
monitor and guide treatment within the first 72 hours for
preterm infants <28 weeks’ gestation. However, there was
no beneficial effects in decrease of mortality or severe
brain injury at 36 weeks’ postmenstrual age to the control
group. Our study had several key distinctions from the
SafeBoosC-III trial. The most notable difference was the
duration of NIRS monitoring. We designed a monitoring
program extending from birth to TEA or discharge, since

www.e-cep.org

https://doi.org/10.3345/cep.2025.02117 7


https://doi.org/10.3345/cep.2025.02117

the immediate postnatal days, while critical, but are not the
only period that cerebral hypoxic-ischemic damage can
occur. Extending the monitoring period also demonstrated
that a 72-hour window may be insufficient, as the overall
time-averaged rcSO, showed a higher ROC and greater
predictive value for neurologic outcomes. Another advant
age of our study was simultaneous application of multi-
disciplinary monitoring. This approach allowed for a
comprehensive evaluation of rcSO, in relation to cardiac
function and CBF, which provided more meticulous
monitoring than routine care, helped clinicians gather
information and recognize subtle hemodynamics changes.
The stepwise management algorithm was an additional
key strength that aided practitioners in managing abnor-
mal rcSO; in a reasonable and practical manner. Although
there was a management protocol in SafeBoosC-III trial,
concerns remained regarding its implementation and
adherence across multiple centers. Recently, recommenda-
tions have emerged regarding the future directions of NIRS
research, aligning closely with our perspective.?¥

There were limitations of the current study. Although
with sufficient statistical power, this pilot study only had
a small sample size to generalize the results. We plan to
conduct a randomized controlled trial to seek for stronger
evidence to support the benefit of integrated neurocritical
care bundle. The current study focused on neurologic
outcome at TEA or discharge, but we recognized that
longer follow-up duration is necessary to evaluate long-
term outcome. Our post-hoc analysis suggested that a
time-averaged rcSO, threshold of 65%, may be beneficial.
Future trials incorporating a higher target rcSO, may
further elucidate these potential benefits.

In conclusion, the use of multidiscipline hemodynamic
monitors and a structured management algorithm to
safeguard rcSO; is clinically feasible and could aid in
achieving better outcome of the patients.

Footnotes

Supplementary materials: Supplementary Figs. 1-2 are
available at https://doi.org/10.3345/cep.2025.02117.
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Supplementary Fig. 1. Illustration of time-averaged rcSO:2 calculation. Time-averaged rcSO:
values were calculated using the mean rcSOz2 at specific time points (®: <24 hours; ®: 24-48
hours; ©: 48-72 hours; ©: 7 days; ®: 14 days; ®: 21 days; ©: 28 days; ®@: 56 days; (0: 84 days;
@: 112 days [if still admitted]) multiplied by the corresponding duration (days). The calculation
followed the trapezoidal rule and was divided by the last rcSO2 measurement (at 84 or 112
days) to represent the overall mean rcSO2 during the study period. The time-averaged FTOE
was calculated using the same method. FTOE, fraction of tissue oxygen extraction; rcSOz,
regional cerebral oxygen saturation.
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84 GA<28+6 weeks or BW <1,000 g preterm infants during 2022/09-2023/07

8 Infants excluded
- 7 Chest compression at DR
1 Asphyxia

76 Infants met the inclusion criteria

46 Infants could not participate
40 Devices in-use

4 Only one twin enrolled
2 Parental refusal

30 Infants enrolled into
neurocritical care bundle

Supplementary Fig. 2. Flow diagram of enrollment protocol. A total of 84 extremely preterm
infants were admitted to our hospital during the study period. Of them, eight were excluded
because of perinatal asphyxia or undergoing chest compressions before enrollment. Among
the remaining eligible infants, 46 could not participate due to device issues or parental refusal.
Consequently, 30 extremely preterm infants were included in the neurocritical care bundle
group. GA, gestational age; BW, birth weight; DR, delivery room.
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