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The application of near infrared spectroscopy (NIRS), a
noninvasive means of monitoring cerebral oxygenation
(CrSO2), is becoming increasingly popular in many pedia-
tric populations with the goal of identifying progression of
brain injury. NIRS reflects the balance between tissue
oxygen delivery and extraction. Given that the etiology of
pediatric brain injury is strongly associated with abnormal
cerebral perfusion and oxygenation [1], the addition of
NIRS gives a more robust assessment of these variables
above the standard blood pressure and oxygen saturation
(pulse oximetry) measurements. Szakmar et al. in this edi-
tion of Journal of Perinatology investigated the utility of
NIRS to detect improper tissue perfusion and evolving brain
injury during therapeutic hypothermia and rewarming in
newborn infants with mild to severe neonatal encephalo-
pathy [2]. This retrospective study found that increased
CrSO2 in the first days of postnatal life was associated with
evidence of brain injury on magnetic resonance imaging
(MRI), which adds to the growing literature on the potential
for NIRS to be used to detect brain injury early, and
potentially aid in therapeutic intervention.

NIRS has been applied in neonatal settings where cere-
bral perfusion and oxygenation may be affected, including
ischemic encephalopathy, hypotension, apnea, patent ductus
arteriosus, during extracorporeal membrane oxygenation

therapy, and in monitoring infants with congenital heart
disease requiring surgery. Furthermore, nomograms have
been developed to identify normal CrSO2 fractional oxygen
extraction in neonates during the immediate transition after
birth [3]. But it is really the use of NIRS in neonatal
encephalopathy, which is showing the most promise, with
the number of studies expanding rapidly over the past
decade. Importantly, numerous studies have demonstrated
that changes in cerebral oxygenation and hemodynamics are
correlated with adverse neurodevelopmental outcomes and/
or brain injury [4]. Yet the role of NIRS in this setting is still
very much a research tool. This likely reflects the inability
of all studies to show important clinical differences between
groups studied, as well as the variation in the timing of
events and the relationship with adverse neurodevelop-
mental outcomes. For instance, Peng et al. found that dif-
ferences in cerebral oxygenation in the first 12 h after birth
were the most critical [5], while Lemmers et al. found that
differences after 24 h of age were the critical time for
adverse neurodevelopmental outcomes [6]. In the current
study, Szakmar et al. found that high CrSO2 on the second
day of therapeutic hypothermia was associated with gray
matter injury, while high CrSO2 at the time of rewarming
was associated with evidence of overall brain injury [2].

Cerebral NIRS is a trend monitor of cerebral oxygen
saturation; it can have intersubject variability and does not
distinguish between oxygen delivery, extraction, and cere-
bral blood flow, which represent inherent limitations for the
tool. What is important however, is the consistency of the
finding of abnormal (either high, low, or fluctuating) CrSO2

during the first days of cooling and rewarming in a patient
with subsequent brain injury compared to a stable CrSO2 in
a patient throughout cooling and rewarming being asso-
ciated with normal outcomes, which was shown in Szak-
mar’s study [2]. This leads to the important question of how
NIRS can be incorporated into clinical practice for infants
with neonatal encephalopathy. Indeed, factors including
what NIRS is monitoring (cerebral blood flow, cerebral
blood volume, oxygenation, or metabolism) or the use of
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NIRS in conjunction with blood pressure or an amplitude-
integrated electroencephalogram (aEEG) hinders the “easy”
applicability in this setting.

The neurologic exam of an encephalopathic infant can
fluctuate and be impacted by sedatives and antiepileptic
medications making it difficult to follow the neurologic
exam as a reliable measure of encephalopathy severity and
for early evidence of recovery in some cases. Continuous
neuromonitoring that could provide information about brain
injury, brain recovery, and brain health and offer insight
into prognosis prior to neuroimaging would improve clin-
ical neuro-focused care in the early days of life following
neonatal encephalopathy. Typically, the EEG is the only
form of continuous neuromonitoring used in the NICU for
infants with neonatal encephalopathy. However, the addi-
tion of cerebral NIRS as a continuous neuromonitoring tool
may offer substantial benefit to the care of infants with this
condition. Studies such as that by Szakmar et al. support
NIRS having a prominent position at the NICU bedside [2].

The EEG, either aEEG or full-channel EEG, is a useful
continuous monitor of encephalopathy and when combined
with cerebral NIRS would offer a multimodal neuro vital
signs approach to monitoring. EEG and cerebral NIRS are
complimentary and their use together may offer the greatest
benefit [7]. An infant with a static encephalopathic exam
and background EEG suppression without improvement
over the first few days of age during therapeutic hypother-
mia, combined with a trend of increasing CrSO2 on the
cerebral NIRS, would be concerning for an infant with
sustained cerebral injury and an abnormal neurologic out-
come. However, the normalization of background EEG
patterns and stable CrSO2 on NIRS may indicate a more
favorable or normal neurological prognosis. This informa-
tion could help guide the tone of discussions with the family
for early withdrawal of care in severe cases and during the
72 h of therapeutic hypothermia, while families are
anxiously awaiting brain MRI.

Continuous monitoring that could forewarn of clinical
deterioration improves the utility of these types of tools at
the NICU bedside. The HeRO (heart rate characteristics)
monitor is one such bedside monitor that utilizes heart rate
variability to detect an increased risk for sepsis and necro-
tizing enterocolitis prior to clinical signs, by a change in the
continuously measured electrocardiogram signal [8]. By
inclusion of a heart rate characteristics monitor, infants can
have earlier laboratory evaluations and receive earlier
therapeutic care to limit sepsis. This type of monitoring has
been shown to reduce hospital length of stay [9]. Whether
the addition of cerebral NIRS and CrSO2 monitoring could
offer such benefits to the NICU population with neonatal
encephalopathy is not yet known.

The NICU of the future should utilize technology to
continuously analyse multiple physiological signals and

help direct individualized clinical care. Mathematical
models can be employed to detect warning signs in a vast
array of physiological signals, including NIRS, to alert the
clinical team and prompt laboratory or other neuro-
diagnostic assessments and establish an earlier prognosis
[10]. NIRS data may be able to be applied in the future to
gauge-specific treatments for neonatal encephalopathy or
duration of therapy. NIRS has been vetted for several dec-
ades and despite its limitations, it has many advantages that
could be used to better understand in real time the risk for
neurologic injury and neurologic prognosis for infants with
neonatal encephalopathy. Therefore, it is time to bring
research methodologies of continuous physiological signal
analysis to the bedside and this includes cerebral NIRS as
an important measure of cerebral oxygenation.
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