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Abstract

Background—The measurement of brain perfusion may provide valuable information for
assessment and treatment of newborns with hypoxic-ischemic encephalopathy (HIE). While
arterial spin labeled perfusion (ASL) magnetic resonance imaging (MRI) provides noninvasive
and direct measurements of regional cerebral blood flow (CBF) values, it is logistically
challenging to obtain. Near-infrared spectroscopy (NIRS) might be an alternative, as it permits
noninvasive and continuous monitoring of cerebral hemodynamics and oxygenation at the
bedside.

Objective—The purpose of this study is to determine the correlation between measurements of
brain perfusion by NIRS and by MRI in term newborns with HIE treated with hypothermia.

Design/Methods—In this prospective cohort study, ASL-MRI and NIRS performed during
hypothermia were used to assess brain perfusion in these newborns. Regional cerebral blood flow
values (CBF), measured from 1-2 MRI scans for each patient, were compared to mixed venous
saturation values (SctO2) recorded by NIRS just before and after each MRI. Analysis included
groupings into moderate versus severe HIE based on their initial background pattern of amplitude-
integrated electroencephalogram.
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Results—Twelve concomitant recordings were obtained of seven neonates. Strong correlation
was found between SctO2 and CBF in asphyxiated newborns with severe HIE (r = 0.88; p value =
0.0085). Moreover, newborns with severe HIE had lower CBF (likely lower oxygen supply) and
extracted less oxygen (likely lower oxygen demand or utilization) when comparing SctO2 and
CBF to those with moderate HIE.

Conclusions—NIRS is an effective bedside tool to monitor and understand brain perfusion
changes in term asphyxiated newborns, which in conjunction with precise measurements of CBF
obtained by MRI at particular times, may help tailor neuroprotective strategies in term newborns
with HIE.
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INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE) remains the most common cause of brain injury in
term newborns. Induced hypothermia is currently the only existing treatment to minimize
brain injury in these newborns, with decreased death and disability rates at 12—18 months
and beyond (Azzopardi et al., 2009; Eicher et al., 2005; Gluckman et al., 2005; Jacobs et al.,
2007; Shankaran et al., 2005, 2012). However, some newborns still develop brain injury
despite this treatment (Barks, 2008; Higgins et al., 2006; Higgins and Shankaran, 2009). It
has been demonstrated that hyperperfusion may be present early on in these newborns,
despite treatment with induced hypothermia (Wintermark et al., 2011), and was probably a
manifestation of reperfusion injury. The measurement of brain perfusion is thus valuable for
the early assessment and potentially the management of newborns with HIE, even if treated
with hypothermia.

Many approaches have been applied to measure brain perfusion in newborns, and especially
newborn with HIE. Most techniques provide only discrete, episodic data and are limited in
assessing dynamic changes in cerebral circulation (Levene et al., 1989; Minhas et al., 2003).
Avrterial spin labeled perfusion magnetic resonance imaging (ASL-MRI) is currently the only
method that provides noninvasive and direct measurements of regional cerebral blood flow
(CBF) values in multiple brain regions (Biagi et al., 2007; Huisman and Sorensen, 2004;
Miranda et al., 2006; Wang et al., 2006a, 2006b; Wintermark P, AJINR 2011). However,
obtaining MRI scans in critically ill newborns, is logistically challenging, expensive and not
widely available. Near-infrared spectroscopy (NIRS) might prove to be an attractive
alternative (Ancora et al., 2009, 2011; Grant et al., 2009; Gucuyener et al., 2012; Toet et al.,
2006; Toet and Lemmers, 2009; Wolfberg and du Plessis, 2006), as it permits continuous
bedside monitoring of cerebral hemodynamics and oxygenation, by measuring changes in
the concentration of oxygenated and deoxygenated hemoglobin (Marin and Moore, 2011;
Meek et al., 1999; Pellicer and del Carmen Bravo, 2011; Soul and du Plessis, 1999; Wyatt,
1993). It thus does not provide direct measurement of CBF in different brain regions, but
records regional mixed venous saturation (SctO2), which are representative of oxygen
supply/demand ratio. NIRS monitoring is also much less expensive, and easily allows serial
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measures to be taken over time, which may be highly valuable in disorders such as HIE
where brain perfusion and oxygen metabolism change over the course of the illness. NIRS
monitoring is now becoming widely used in premature newborns (Greisen et al., 2011), as it
provides valuable insights on the impact of intensive care on early brain development
(Greisen et al., 2011; Roche-Labarbe et al., 2012). For example, SctO2 has been
demonstrated to correlate with chronological age (Roche-Labarbe et al., 2012). NIRS has
permitted to identify premature newborns with impaired cerebrovascular autoregulation, and
thus with a high likelihood of severe brain injury (Tsuji et al., 2000). NIRS measurements
were also showed to be highly influenced by routine caregiving procedures (Limperopoulos
et al., 2008). Such extended use needs probably to be extended to the asphyxiated term
newborns.

This study aimed to compare measurements of brain perfusion by NIRS and by MRI at
specific time-points in term newborns with HIE treated with therapeutic hypothermia to
determine whether NIRS provides a clinically useful measure of brain perfusion and
oxygenation, as validated by ASL-MRI measures.

MATERIALS AND METHODS

Patients

We conducted a prospective cohort study of term newborns with HIE admitted to the
neonatal intensive care unit (NICU) within six hours of life, who met criteria for therapeutic
hypothermia: (1) gestational age = 36 weeks and birth weight = 2000 g; (2) evidence of fetal
distress, e.g., history of acute perinatal event or cord pH < 7.0; (3) evidence of neonatal
distress, such as Apgar score < 5 at 10 minutes, postnatal blood gas pH obtained within the
first hour of life < 7.0, or need for ventilation initiated at birth and continued for at least 10
minutes; (4) evidence of neonatal encephalopathy by physical examination and by abnormal
initial amplitude-integrated electroencephalogram (aEEG) background pattern. Newborns
who met the above criteria received whole-body cooling to an esophageal temperature of
33.5°C, initiated by 6 h of life, continued for 72 h (unless contraindications developed), and
were then slowly rewarmed over 12 hours per standard protocol. This study was approved
by the local Institutional Review Board, and parental consent was obtained.

The aEEG recording was started as soon as the patient was admitted to the neonatal
intensive care unit. Asphyxiated newborns treated with induced hypothermia were
categorized as moderately or severely abnormal according to their initial background pattern
of aEEG (al Naqueeb et al., 1999; Gluckman et al., 2005). Initial background pattern was
considered as moderately abnormal if lower margin less than 5 mcV, upper margin more
than 10 mcV, and absence of sleep-wake cycling (al Naqueeb et al., 1999). Initial
background pattern was considered as severely abnormal if lower margin less than 5 mcV,
upper margin less than 10 mcV, and presence of periodic bursts of higher voltage electrical
activity (spikes) (al Naqueeb et al., 1999).

Other variables influencing brain perfusion (temperature, partial pressure of carbon dioxide
(pCO2), fraction of inspired oxygen (FiO2), hematocrit levels, mechanical ventilation,
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pressor support, sedation, antiepileptic treatment) were also recorded on the day of the MR
imaging.

Near-infrared spectroscopy (NIRS)

NIRS monitor (FORE-SIGHT Cerebral Oximeter; CAS Medical Systems, Branford, CT)
was used for non-invasive continuous monitoring at the bedside during the 72-hour of
hypothermia treatment and the rewarming period. Two neonatal sensors were placed
respectively on each side of the newborn’s forehead, over the area of frontal lobes (FIGURE
1). Regional cerebral oxygen saturation (SctO2) was recorded continuously.

Brain magnetic resonance imaging (MRI)

Asphyxiated newborns underwent MRI once or twice within the first 72 hours after birth,
i.e. during the hypothermia treatment, on day 1 (i.e. within 24 hours of birth) and/or on day
2 (24-48 hours after birth). Patients continued to receive hypothermia treatment during the
MR imaging without any adverse events (Wintermark et al., 2010). Any ventilatory support,
pressor support requirement, or sedation used for treatment in the NICU was also
maintained during the MRI acquisition, but additional sedation was avoided. Only
asphyxiated newborns, who were hemodynamically stable, underwent the MRI scans during
hypothermia treatment. MR imaging was performed with a 3T Magnetom Trio scanner
(Siemens, Erlangen, Germany), using a 32-channel head coil in most cases (Siemens)
(Wiggins et al., 2006) or a standard 12-channel head coil. A pulsed arterial spin labeling
(PASL) sequence (Luh et al., 1999) (with TR/TE, 2400/13 ms; matrix size, 64 x 64; FOV,
192 mm; 15 axial sections with a section thickness of 4.9 mm) was acquired with high-
spatial-resolution anatomic T1- and T2-weighted images and diffusion-weighted imaging
(DWI). Regional cerebral blood flow (CBF) maps were obtained from the PASL
Postprocessing Functor (Siemens). Quantitative estimates of regional CBF were made by
using the formula described by Wang et al. (Wang et al., 2003):

rCBF=X AM_ 2a M0 TI1 exp(—TI2/T1a)

MO was estimated by measuring the fully relaxed signal intensity and AM by the average
difference in signal intensity between control and tag acquisitions. The conversion
efficiency a was assumed to be 95% and the blood/tissue water partition coefficient A, to be
1.2 mL/g, with TI11/T12 = 700/1400 ms and the longitudinal relaxation time of blood T1a =
1500 ms (Cavusoglu et al., 2009). The imaging sections were positioned axially covering the
brain, and the acquisition order was ascending (inferior to superior) to reduce the required
TI2. The labeling slab had a thickness of 50 mm and was positioned with a gap of 10 mm
below the most proximal section. The labeling slab thus covered the lower part of the head
and the neck, but not the upper part of the chest so as to exclude the heart. Quantification of
regional CBF was performed by using the CBF maps (FIGURE 2).

For the purpose of this study, manually drawn regions of interest were placed in the gray
matter of frontal lobes bilaterally, by looking at the same time at the ASL data and the
corresponding T2-weighted imaging; coregistration was not used. Measurements were
obtained in the right and left side of the cerebrum in these tissue regions; sizes of the regions
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of interest were always similar. Motion during MRI may cause severe artifacts in the
acquired images, especially for PASL. These were minimized by wrapping the neonates in
an MRI-compatible vacuum cushion. In addition, a 3D prospective acquisition-correction
technique was used with the PASL sequence to reduce motion-induced effects on
magnetization history.

Conventional sequences obtained during the same or later MRI studies were used to define
the presence and extent of brain injury in these patients. Neuroradiologists interpreted the
brain conventional MR images (T1- and T2-weighted images and diffusion-weighted
images).

Estimation of relative cerebral metabolic rate of oxygen (rCMROZ2)

To estimate rCMRO2 (mL0O2/100g/min) from our NIRS measurements of SctO2 and MRI
measurements of CBF, we used the formula described by Roche-Labarbe et al. (Roche-
Labarbe et al., 2012):

rCMRO2=Hb * CBF * (Sa02—Sct02)- MWHb

Hb (g/L) is the hemoglobin concentration in the blood. CBF (mL/100g/min) is the cerebral
blood flow, measured by MRI in this study. SaO2 (%) is the arterial hemoglobin
oxygenation, estimated with the pulse oximeter. SctO2 (%) is the cerebral oxygen saturation
measured by NIRS in this study. MWHb (64500 g/Mol) is the molecular weight of
hemoglobin.

Statistical analysis

SctO2 measurements for each hemisphere were performed 10 minutes before and 10
minutes after each MRI and were averaged between the left and right sides and correlated to
the CBF values averaged from both frontal lobes obtained by PASL. After this first
comparison, we explored the relationship between SctO2 and CBF in the subgroups based
on initial aEEG severity, i.e., moderate vs. severe encephalopathy. The association between
SctO2 values and CBF values between each group was explored using spearman
correlations, as the data were not normally distributed. Analysis was performed using SAS
9.1 (Carey, NC).

RESULTS

Twelve concomitant recordings were obtained in seven asphyxiated newborns treated with
hypothermia. Five of these seven patients had brain MRIs on day 1 and 2; the remaining two
had only one MRI during hypothermia on day 2. Mean CBF value averaged from both
frontal lobes measured on each MRI was correlated with averaged SctO2 measured just
before and just after the MRI (TABLE 1). For all patients for whom measurements were
performed on both days 1 and 2, SctO2 and CBF values increased from day 1 to day 2
(FIGURE 3).
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Three of the asphyxiated newborns treated with hypothermia enrolled in the study had
moderate encephalopathy on the initial aEEG, while the other four had severe
encephalopathy. Differences were found between newborns with moderate versus severe
HIE. Newborns with severe encephalopathy had lower CBF compared to those with
moderate encephalopathy, despite similar SctO2 values, as demonstrated in FIGURE 3.
Mean CBF was 24.07 £+ 2.49 mL/100g/min in newborns with severe encephalopathy versus
37.42 £ 1.11 mL/100g/min in newborns with moderate encephalopathy (p <0.001). Mean
SctO2 was 77.59 £ 6.57 % in newborns with severe encephalopathy versus 77.30 £ 4.67 %
in newborns with moderate encephalopathy (p = 0.93). Also asphyxiated newborns with an
initially severe encephalopathy showed a greater increase in SctO2 and more increased CBF
from day 1 to day 2 than those presenting with an initially moderate HIE. Mean difference in
CBF from day 1 to day 2 was 8.00 + 1.80 mL/100g/min in newborns with severe
encephalopathy versus 3.25 + 2.62 mL/100g/min in newborns with moderate
encephalopathy. Mean difference in SctO2 from day 1 to day 2 was 4.43 £ 1.92 % in
newborns with severe encephalopathy versus 1.30 £ 0.14 % in newborns with moderate
encephalopathy.

Mean rCMRO2 was lower in newborns with severe encephalopathy compared to newborns
with moderate encephalopathy: respectively 0.97 + 0.38 mLO2/100g/min versus 1.34 + 0.32
mLO2/100g/min. Estimated rCMRO2 decreased from day 1 to day 2 in both groups of
newborns: from 1.13 + 0.29 mLO2/100g/min to 0.77 £+ 0.45 mL0O2/100g/min in newborns
with severe encephalopathy, and from 1.55 £ 0.17 mLO2/100g/min to 1.20 = 0.33
mLO2/100g/min in newborns with severe encephalopathy. Mean difference in rCMRO2
from day 1 to day 2 was lower in newborns with severe encephalopathy compared to
newborns with moderate encephalopathy: respectively 0.36 £+ 0.26 mLO2/100g/min versus
0.19 + 0.08 mL0O2/100g/min.

Statistical analysis using Spearman correlations showed no significant correlation (r = 0.34,
p = 0.27, 12 measurements) between SctO2 measured by NIRS and CBF measured by MRI
when all data for both moderate and severe encephalopathy groups were analyzed together.
However, when data were separated according to severity of encephalopathy, a strong
correlation (r = 0.88, p < 0.01, 7 measurements) between SctO2 and CBF was found in
asphyxiated newborns with initially severe HIE (FIGURE 3). No such significance was
found in the ones with an initially moderate HIE (r = —-0.20, p = 0.74, 5 measurements), but
only 5 different measurements were available and SctO2 and CBF measurements were
around the same ranges in the same patients (i.e. not enough variation to find correlation).

Among these seven patients, five developed hypoxic-ischemic (HI) brain injury (Patients #
1, 2 and 3 with initial severe encephalopathy, as well as Patients # 5 and 7 with initial
moderate encephalopathy) and two did not (Patient # 4 with initial severe encephalopathy
and Patient # 6 with initial moderate encephalopathy). HI brain injury was located mainly in
bilateral basal ganglia in three patients (Patients # 1, 2 and 3 with initial severe
encephalopathy) and in bilateral anterior and posterior white matter in the other two patients
(Patients # 5 and 7 with initial moderate encephalopathy). Mean CBF was 28.66 + 6.90 mL/
100g/min in newborns who developed HI brain injury versus 33.17 + 9.09 mL/100g/min in
newborns who did not develop brain injury (p = 0.49). Mean SctO2 was 78.86 = 5.82 % in
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newborns who developed HI brain injury versus 73.30 = 1.71 % in newborns who did not
develop brain injury (p = 0.03).

DISCUSSION

Lowering body temperature is thought to decrease brain perfusion uniformly (Laptook and
Corbett, 2002; Polderman, 2008). In our five cases with measurements on both day 1 and
day 2, SctO2 and CBF values increased over time during hypothermia treatment, even
though body temperature remained the same, consistent with a previous study (Wintermark
etal., 2011). These findings suggest that CBF (and likely oxygen supply) increases over
time and extraction of oxygen (and likely oxygen demand or utilization) decreases over time
in asphyxiated newborns during hypothermia treatment. Estimated rCMRO2 also showed a
decreased from day 1 to day 2 in all our asphyxiated newborns treated with hypothermia. It
is unclear whether this increase in CBF represents the normal evolution of brain perfusion in
encephalopathic patients during hypothermia or a manifestation of luxury perfusion
described in asphyxia (Perlman, 2006). The observation that the two patients who did not
develop any radiologically detectable brain injury showed this evolution suggests that it may
not represent luxury perfusion, but this study is too small to be definitive about this
interpretation.

Differences were found between newborns with moderate versus severe encephalopathy.
Newborns with severe encephalopathy had lower CBF (likely lower oxygen supply) and
seemed to extract less oxygen (lower oxygen demand or utilization). This may reflect
intrinsic mechanisms to minimize further injury by lowering oxygen supply and oxygen
demand in the most asphyxiated newborns. Estimated rCMRO2 was also lower in newborns
with severe encephalopathy compared to newborns with moderate encephalopathy. This
could be either the manifestation or the cause of the underlying severity of HIE. Previous
studies in term neonates with severe HIE (not treated with hypothermia) using NIRS
demonstrated changes in CBF and cerebral blood volume predicting an adverse outcome
(Ancora et al., 2011; Archer et al., 1986; Toet et al., 2006; Van Bel et al., 1987; Wyatt,
1993). Moreover, the increase in CBF and SctO2 (and the decrease in estimated rCMRO2)
from day 1 to day 2 was more pronounced in the severely asphyxiated newborns. This
suggests that CBF (and likely oxygen supply) increases more over time and extraction of
oxygen (and likely oxygen demand or utilization) decreases more over time in severely
asphyxiated newborns during hypothermia treatment compared to moderately asphyxiated
newborns. This may be because they started at lower oxygen supply and demand on the first
day because of a more severe asphyxial insult compared to the moderately asphyxiated
newborns. More data are needed to confirm these results in newborns treated with
hypothermia to determine if the changes in oxygen supply and demand could serve as a
predictor of long-term outcome. Detailed analysis of the 72-hour recording SctO2 would
also be necessary to understand better how SctO2 changes during hypothermia treatment,
how these changes correlate with the progress of injury, and how they are influenced by the
degree of encephalopathy.

Previous studies have shown that asphyxiated newborns who developed HI brain injury
despite hypothermia treatment displayed hypoperfusion followed by hyperperfusion during
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hypothermia in the brain regions later confirmed to be injured (Wintermark et al., 2011). A
strong correlation between SctO2 and CBF was found in severely asphyxiated newborns
treated with hypothermia. For lower CBF values (likely lower oxygen supply), there was
more extraction of oxygen (likely higher oxygen demand) in these patients. Conversely, for
higher CBF values (likely higher oxygen supply), there was less extraction of oxygen (likely
lower oxygen demand or utilization). This correlation supports NIRS as a bedside measure
proxy for brain perfusion in these newborns, as suggested also by other studies (Ancora et
al., 2011; Toet et al., 2006). These patients derive less benefit from hypothermia treatment
(Azzopardi et al., 2009; Gluckman et al., 2005), and have the worse neurologic outcomes.
Therefore they are a high priority group to better understand the underlying
pathophysiological mechanisms, in hopes of adjusting their treatment to improve their
outcome. Such conclusion cannot be drawn in the moderate encephalopathy group in this
study, as only 5 different measurements were available and SctO2 and CBF measurements
were all in a similar range with inadequate variation to establish a correlation. It may be that
these patients have an adequate oxygen supply to meet oxygen demand or utilization, but
more data are needed to better understand these patients.

Among these seven patients, five developed hypoxic-ischemic brain injury and two did not.
Patients developing brain HI injury tended to have higher SctO2 (and lower estimated
rCMRO?2), suggesting that they extracted less oxygen (likely lower oxygen demand or
utilization), but the sample size was too small to draw any definitive conclusions.

As previously noted, perfusion MR imaging is the only existing method that provides direct
and noninvasive measurements of brain perfusion in different brain regions (Wintermark et
al., 2011). However, it cannot provide continuous measurements because MRI only provides
measurements at specific time-points. NIRS is a bedside tool that can continuously monitor
changes in brain perfusion. If correlated with exact measurements of CBF obtained by MRI
at specific time-points like in our study, NIRS might be used in term asphyxiated newborns
to tailor neuroprotective or neurorestorative strategies (Liem and Greisen, 2010) and
potentially improve prediction of outcome at the bedside.

NIRS-measured SctO2 reflects the average of arterial, capillary and venous blood
hemoglobin oxygen saturation (Toet and Lemmers, 2009; Van Bel et al., 2008). However, in
cerebral circulation, arteries are estimated to represent 10-20% of the total vessel volume,
capillaries 5% and veins the remaining 75-85% (Van Bel et al., 2008; Marin and Moore,
2011), thus SctO2 predominantly represents the venous saturation in the brain (Benni et al.,
2005; Tachtsidis et al., 2008). SctO2 reflects the balance between the oxygen that is
delivered to the brain tissue (i.e. cerebral blood flow or oxygen supply) and the oxygen that
is extracted at the brain tissue level (i.e. oxygen demand or utilization) (VVan Bel et al., 2008;
Marin and Moore, 2011). SctO2 is thus a complex variable that is affected by the arterial
venous blood volume ratio, the cerebral metabolic rate of oxygen (CMRO2) and inversely
proportional to the cerebral blood flow and the blood hemoglobin concentration (Banaji et
al., 2008; Roche-Labarbe et al., 2010; Tisdall et al, 2009). It is influenced by the arterial
oxyhemoglobin saturation and the end-tidal carbon dioxide tension, and, to a lesser extent,
by the mean arterial blood pressure and the cerebral blood volume (Banaji et al., 2008;
Roche-Labarbe et al., 2010; Tisdall et al, 2009). Clinicians taking care of newborns need to
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be aware of these parameters that can affect SctO2, in order to interpret correctly changes in
this variable during clinical monitoring (Banaji et al., 2008; Roche-Labarbe et al., 2010;
Tisdall et al, 2009). In this study, we combine our NIRS and MRI measurements to try to
estimate CMRO2, in order to get more information about metabolism and oxygen
consumption.

The main limitation of our study is our small number of concomitant recordings (n=12) with
both NIRS and MRI. However, to our knowledge, this is the only study correlating bedside
NIRS measurements of oxygenation and MRI measurements of brain perfusion, especially
in asphyxiated newborns treated with hypothermia. Also, we did not adjust our results for
other variables influencing brain perfusion (such as temperature, pCO2, FiO2, hematocrit
levels, mechanical ventilation, pressor support, sedation or antiepileptic treatment), as they
were similar in all the newborns at the different time-points. However, our data suggest an
expanded role of NIRS in the evaluation of brain perfusion and oxygenation for newborns
with HIE (Greisen, 2006; Liem and Greisen, 2010; Toet and Lemmmers, 2009; Wolfberg
and du Plessis, 2006). Further data are needed to determine whether the observations in this
study hold true in a larger sample and whether early measurements of brain perfusion and
oxygenation by NIRS can predict long-term outcome or even be used to tailor
neuroprotective therapies.

Correlation between NIRS measurements of oxygenation and MRI measurements of brain
perfusion were performed only over the area of frontal lobes, as NIRS was placed
respectively on each side of the newborn’s forehead during the duration of hypothermia
treatment. Several studies have shown hemispheric and regional variations of SctO2 and
CBF values in newborns (Lin et al., 2012; Wintermark et al., 2008a, 2008b). It would thus
be interesting in a future study to study the correlation between NIRS measurements of
oxygenation and MRI measurements of brain perfusion in different regions of the brain.

CONCLUSION

In conclusion, both SctO2 and CBF increase from day 1 to 2 in all term newborns with HIE,
despite treatment with hypothermia. SctO2 and CBF are highly correlated in newborns with
severe encephalopathy. Newborns with severe encephalopathy have lower CBF than
newborns with moderate encephalopathy. Newborns developing brain HI injury have higher
SctO2 than newborns not developing brain injury. Correlating bedside monitoring
measurements of SctO2 using NIRS and ASL-MRI measurements of CBF may thus
improve our understanding of brain perfusion and oxygenation changes in asphyxiated
newborns treated with hypothermia and help us understand better how NIRS could be more
widely used in these newborns to tailor therapeutic strategies.
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FIGURE 1. Positions of the near-infrared spectroscopy (NIRS) sensors
For the purpose of monitoring continuously mixed venous saturation (SctO2), two neonatal

NIRS sensors were placed respectively on each side of the newborn’s forehead, over the
area of frontal lobes.
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FIGURE 2. Example of axial cerebral blood flow (CBF) (mL/100g/min) maps obtained at
different brain levels with the described pulsed arterial spin labeling (PASL) MRI sequence in a
normal term newborn

Perfusion was higher in the gray matter and in the basal ganglia compared to the white
matter.
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FIGURE 3. Comparison between cerebral blood flow (CBF) (mL/100g/min) measured by ASL-
MRI and mixed venous saturation (SctO2) (%) measured by NIRS in asphyxiated newborns

treated with hypothermia during the first days of life

Both SctO2 and CBF increased from day 1 to 2 in all term newborns with HIE, despite
hypothermia treatment. Newborns with severe encephalopathy had lower CBF than
newborns with moderate encephalopathy. A strong correlation (r = 0.88, p < 0.01) between
SctO2 and CBF was found in asphyxiated newborns with initially severe encephalopathy.
Newborns who developed HI brain injury had higher SctO2 than newborns who did not

develop brain injury.
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