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A b s t r ac t
An infant was born at 38 weeks’ gestation. The assigned Apgar scores were 2, 3, and 5 at 1, 5, and 10 minutes, respectively. The physical
examination showed hypotonia, absent gag reflex, and poor response to pain. At 9 hours after birth, the infant was noted to have a subtle
seizure and bradypnea. The infant was intubated and started on anticonvulsant therapy. A brain magnetic resonance imaging (MRI) and an
electroencephalogram (EEG) were obtained. This report presents the clinical and diagnostic dilemma that is typically associated with decisions
needed for treatment with therapeutic hypothermia (TH).
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K e y P o i n ts
•

•

•

Therapeutic hypothermia is provided to neonates with an
established diagnosis of hypoxic–ischemic encephalopathy
(HIE). However, many cases do not fit into the classic definition
of HIE. The infant described in this article also presents such a
dilemma.
Current recommendations suggest that TH should be
considered in infants who (a) Do not have a blood gas report
available from the first hour after birth or the report shows a pH
between 7.01–7.15 or a base deficit between 10–15.9 mmol/L;
and (b) Meet the following two additional criteria: (i) A history
of an acute perinatal event such as cord prolapse and/or fetal
heart rate (FHR) decelerations and (ii) Either the need for assisted
ventilation initiated at birth and continued for 10 minutes, or an
Apgar score below or equal to 5 at 10 minutes after birth.
Therapeutic hypothermia should be started within 6 hours after
birth, but some neonates with HIE may qualify only after this
temporal cut-off. This paper discusses these options in reference
to a case.

Case
An infant was born at 38 weeks’ gestation via spontaneous
vaginal delivery. The neonatal intensive care unit (NICU) team
was called to the labor room after delivery and reached about
5 minutes following birth. The obstetric and labor and delivery
teams provided continuous positive airway pressure (CPAP) during
this period. The infant maintained a good heart rate but had
poor respiratory efforts, low tone, and poor reflexes. The CPAP
was continued until the infant showed clear and spontaneous
respiratory efforts. Apgar scores of 2, 3, and 5 were assigned at
1, 5, and 10 minutes, respectively. The infant was transferred to
NICU for further care and management.
The FHR/cardiac monitoring strips obtained 4 hours prior to
delivery are shown in Figure 1. Cord blood gases and the first blood
gas obtained at 10 minutes after birth are shown in Table 1. The
physical examination at this time showed hypotonia, absent gag
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reflex, and poor responses to pain. At 9 hours, the infant was
noted to have subtle seizures and bradypnea. The infant
was intubated and started on anticonvulsant therapy. The
brain MRI obtained at about 12 hours after birth is shown in
Figure 2. Continuous electroencephalogram (cEEG) showed
severe background slowing with a pattern of burst suppression
(Fig. 3). Since seizures were first noted only 6 hours following
birth, there were important clinical and diagnostic dilemmas in
the decision about treatment with TH.

Views of the Neonatologist Who admitted
the Infant to the NICU
There was no history of any acute perinatal events such as late or
variable decelerations, cord prolapse, cord rupture, uterine rupture,
maternal trauma, hemorrhage, or cardiorespiratory arrest. The cord
blood gas and fetal strip before birth were unremarkable for signs
of perinatal hypoxia (Table 1 and Fig. 1). The total Apgar scores at
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Fig. 1: Cardiotocography (CTG) obtained 4 minutes prior to delivery. Early deceleration was noted with uterine contraction.
Table 1: Cord blood gases and first blood gas obtained at 10 minutes
after birth

Ph
pCO2
pO2
HCO3
BD
FiO2

Cord gas (arterial)
7.283
40.4
34.6
18.1
−7.6
  0.21

Cord gas (venous)
7.282
41.9
34.0
18.5
−7.0
0.21

First postnatal gas
(10 minutes of life)
7.21
33.9
77.8
14.7
−14.1
0.21

pCO2, partial pressure of carbon dioxide (mm Hg); pO2, partial pressure
of oxygen (mm Hg); HCO3, bicarbonate (mEq/L); BD, base deficit (mEq/L);
FiO2, fraction of inspired oxygen

10 minutes after birth were 5 (2 for heart rate, 2 for respiratory
efforts, and 1 for color, with oximetry of 100% breathing room air).
If the color was given a score of 2, the infant would not have met
the entry criteria for TH based on the protocol and clinical algorithm
(Flowchart 1).1,2 The absence of the gag reflex and poor responses
to pain are not included in Sarnat and Sarnat scoring.3
In its statement for the management of neonatal encephalopathy
with hypothermia, The Committee on Fetus and Newborn of
the American Academy of Pediatrics has used the criteria from
the whole body cooling study.1,4 They stated that a TH should be
considered if (a) The blood gas report was either not available from
the first hour after birth or it showed either a pH between 7.01 and
7.15 or a base deficit between 10 and 15.9 mmol/L; and (b) Two
additional criteria are notable: (i) A history of an acute perinatal
event (e.g., cord prolapse, FHR decelerations) and (ii) Either the
need for assisted ventilation initiated at birth and continued for
10 minutes, or an Apgar score below or equal to 5 at 10 minutes after

birth. In view of this statement, an infant will qualify for cooling if
she/he had a blood gas with a base deficit of 14 and was positive on
two additional criteria within an hour following birth. Our patient
had an Apgar score of 5 at 10 minutes after birth but did not have
a history of any acute perinatal event.

Views of the Neonatologist Who took Care
of the Infant Prior to the Onset of Seizures
Cord gases, if sampled properly and if both arterial and venous
cord blood samples are obtained5 can provide an accurate and
objective assessment of the physiological stability of an infant
during the parturition. 6 The presence of either an arterial or
venous cord blood pH below or equal to 7.0 or a base deficit of
above or equal to 16 indicates a significant hypoxic–ischemic
(HI) event prior to birth, mandating a standardized neurological
assessment of the infant for moderate to severe encephalopathy.1,7
As the infant’s first blood gas obtained within the first hour of
postnatal age indicated the presence of a base deficit between
10 and 15.9, two additional criteria need to be met to be eligible
for the standardized neurological examination.1 Even though the
infant had 10 minutes Apgar score below or equal to 5, the lack
of an identifiable acute perinatal event or its indirect evidence of
it through non-reassuring fetal status could have excluded the
perinatal asphyxial event as the probable etiology for perinatal
depression. However, acute perinatal events may have been
missed due to FHR tracing errors8 or intrapartum umbilical cord
accidents.9 The absence of moderate to severe encephalopathy on
neurological assessment also probably excluded the possibility of
significant acute perinatal asphyxia. As a result, the infant did not
meet the eligibility criteria for TH, which is a proven treatment for
infants with moderate to severe encephalopathy.1 Nevertheless,
increasing confidence in the execution of TH coupled with the
Newborn, Volume 1 Issue 3 (July–September 2022)
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Fig. 2: The top row shows axial DWI images of the brain at three different levels, the corresponding confirmatory apparent diffusion coefficient
(ADC) maps are not shown. The arrowheads indicate areas of restricted diffusion involving the cortex of the bilateral cerebral hemispheres as well
as the dorsal brainstem. There was also involvement of the right thalamus and the left cerebellar hemisphere (not shown). The bottom row shows
Gradient Echo sequences at two different levels (left and middle panels), and an axial T1 image on the right inferior side. The GRE images show
a left caudothalamic groove hemorrhage (white arrow), and a small amount of intraventricular hemorrhage pooling at the tips of the occipital
horns of the lateral ventricles (black arrows). The axial T1 image shows normal myelination for the patient’s age, with no abnormal signal of the
cortical or deep white matter

availability of institutional level protocols for the management of
infants while receiving cooling therapy has led to the adaptation
of cooling therapy for even infants with mild encephalopathy.10 As
the infant met the extended biochemical criteria, except for the
absence of reliable evidence of acute perinatal even, and exhibited
features of mild encephalopathy, the administration of TH could
have been considered only after a thorough discussion with
parents about the lack of high-quality evidence from randomized
controlled trials and consequently, the lack of understanding of
risk-benefit ratios.10 The TH could have been administered only
after parental consent.10

Views of the Neonatologist Who took Care
of the Infant after the Onset of Seizures
In the current case, seizures indicated the presence of considerable
brain injury possibly due to hypoxic–ischemia. The acid–base
imbalance at birth could be viewed as a biochemical biomarker
suggesting a prior HI event.1,5–7 The occurrence of seizures could
also be viewed as favoring a need for TH. The best available
evidence is from the late hypothermia trial, wherein the magnitude
of the beneficial impact of TH was lower than the initiation of TH
within 6 hours of postnatal age.11 Nevertheless, the evidence from
the trial indicates no short-term harmful effects of late initiation
(within 24 h after birth) of TH.11 However, late TH is not a proven
treatment for infants with evolving HIE with delayed onset of
symptoms, and so parental informed consent must be obtained.
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Moreover, in utero occurrence of chronic-prolonged or sub-acute
partial and intermittent HI insult should also be strongly considered,
for which TH may not have a beneficial impact as primary and
reperfusion injury both would have occurred prior to birth.12,13
Similarly, other causes of perinatal brain injury, including perinatal
ischemic stroke, sinus venous thrombosis, subarachnoid, and other
intracranial hemorrhages, should also be considered as differential
diagnoses.14 Magnetic resonance imaging studies of the brain,
along with other ancillary tests, including EEG background activity,
and transcranial Doppler resistive index, could also be considered
to delineate the presence of HI brain injury before approaching
parents for a discussion on TH.

Views of the Neonatologist Who took Care of the
Infant after an MRI Scan had been Obtained
The presence of a distinctive pattern of MRI changes suggestive
of global HI injury is indicative of a possible in utero occurrence
of sub-acute or chronic prolonged-partial HI insult based on
the review of the chronology of the evolution of MRI changes
following the HI in animal studies.15 In the current case, the
combined findings of cord gas and the postnatal evolution of
CNS manifestation coupled with MRI changes might also suggest
an acute intrapartum hypoxic event on the chronic partial HI
injury.16 Once again, the benefit of TH is controversial, and the
risk benefits need to be extensively discussed with parents
before initiating TH.

Hypoxic–Ischemic Encephalopathy: Cool or Not to Cool

Fig. 3: Electroencephalogram on the first day of life showing a burst suppression pattern with interburst intervals lasting as long as 40 seconds
(normal IBI for AOG is 6 seconds)
Flowchart 1: Entry criteria for TH based on the protocol and clinical algorithm1,2
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Views of Pediatric Neurologists Who were
consulted for Care of the Infant
Neonatal HIE occurs in 2–3 per 1,000 newborn children and is one of
the most frequently-seen causes of neonatal death and long-term
disability.17,18 Moreover, TH is the only neuroprotective treatment
shown to reduce the risk of cerebral palsy and significant disability
in RCTs in children with moderate and severe HIE.19
In the hours that ensue after an HIE injury, time is of essence,
and most clinical trials1,20,21,22 advocated hypothermia (selective
head or whole-body cooling within 6 hours of birth to target
temperatures of 33.5°C to 34.5°C for 72 hours). Hypothermia has
so far been tried only in infants born at term (≥37 weeks) and
late preterm (≥35 weeks) gestation with moderate-to-severe HIE.
Furthermore, Jia et al. 23 in their trial compared hypothermia in
neonates within 6–12 hours. Their conclusion was that hypothermia
treatment was of benefit in newborns with moderate HIE even
up to 12 hours. Conversely, newborns with severe HIE showed a
therapeutic effect for hypothermia treatment beginning within
6 hours. Newborns with mild HIE, even without hypothermic
treatment, showed a good prognosis.
Hence, it would be vital to qualify HIE in terms of severity
immediately after birth, as in our patient, so the decision to cool
or not cool may be more informed. Sarnat and Sarnat3 classified
HIE as mild (stage 1 associated with hyperalertness, sympathetic
overdrive, and a normal EEG), moderate (stage 2 associated with
moderate encephalopathy marked by obtundation, hypotonia,
multifocal seizures, and an EEG showing periodic or continuous
delta activity), or severe (stage 3 associated with infants were
stuporous and flaccid with an isoelectric or periodic EEG) based
on features of the neurologic examination and early EEG findings.
•

•
•

Our patient’s initial cord blood pH was normal, and his lactate
and liver function tests (LFTs) were only minimally elevated.
Also, our patient never demonstrated acute tubular necrosis
and his echocardiogram (obtained later) did not show evidence
of hypoxic cardiomyopathy or tricuspid regurgitation. All these
features suggest that, perhaps, he only had a mild HIE with
no other evidence of organ injury. However, we would rather
suggest that the following factors point to severe HIE rather
than mild to moderate HIE despite the above in this patient:
The MRI in the first few hours of life already demonstrated
cortical, thalamic, and brainstem cytotoxic edema.
The cEEG which showed a burst suppression pattern, an
electrical signature of severe cortical damage.
An initial neurological exam showing profound hypotonia and
lack of responsiveness.

Perhaps, one may consider an early pediatric neurological
evaluation of such babies who are in the borderline criteria. If the
neurological assessment is that of severe HIE then TH, even late,
should be strongly considered.
Certainly, TH does not come without its risks such as sinus
bradycardia, increased risk of sepsis and pneumonia,
thrombocytopenia, or other coagulopathies. Additionally, other
interventions such as central venous access are required. There
may be shivering associated with hypothermia requiring increased
sedation. Some other effects include delay in independent
feeding and decreased early parental bonding critically needed
for a vulnerable and fragile infant.24 Therefore, the decision for
hypothermia warrants a meticulous and thorough assessment.
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The other issue that this case begs us to consider is how to
weigh the value of cord blood pH versus a very abnormal MRI, a
very suppressed EEG, and very profound hypotonia and worrisome
neurological examination in the decision to cool or not to cool.
Should the present criteria for cooling be revised to include
these parameters as well? Certainly, this poses an interesting
debate; however, when one takes into consideration the longterm sequelae such as cerebral palsy and its significant disability,
then utmost circumspection is warranted in the assessment and
management of these infants.

Views of the Pediatric Neuroradiologist
Magnetic resonance imaging showed extensive areas of cortical
restricted diffusion of the bilateral cerebral hemispheres, right
thalamus, dorsal mesencephalon, and the territory of the left
superior cerebellar artery, indicative of cytotoxic edema due to a
global HIE. There were punctate areas of susceptibility artifact at
the left caudothalamic groove and at the tip of the occipital horns
of the lateral ventricles, indicating intraventricular hemorrhage.

Views of the Director of the NICU
The hallmark study on TH has shown a reduction in the risk of death
or disability in infants with moderate to severe encephalopathy.1
Eligibility for hypothermia treatment includes physiological criteria
and subsequent neurological examination.1
The review of this case presented a dilemma using TH as a
treatment modality. The baby was not cooled based on the acute
perinatal event being absent. I would like to highlight some key
points in the baby’s birth history. Limp at the time of delivery, NICU
team being immediately called for help with resuscitation, Apgar
2, 3 and 5 at 1, 5, and 10 minutes of life, and arterial blood gas at
10 minutes of life showing a base deficit of 14.1 are suggestive of
acute perinatal event. As a proponent of TH, I would question the
validity of cord blood gases and the lack of acute perinatal events
in this case.
The other interesting aspect of this case is inconsistency in
the neurological examination. The documented physical findings
include mild hypotonia, poor response to pain, and absent gag
reflex. In my opinion, these findings would suggest moderate
encephalopathy, but a complete neurological examination, as
required for TH protocol, was not performed in this case. The baby
presented with seizures at 9 hours of life requiring anticonvulsants
and increased respiratory support. I strongly feel, given the birth
history, initial blood gas, uncertainty regarding an acute perinatal
event, and incomplete neurological exam, the baby should
have been placed on TH protocol at this time. The effectiveness
of hypothermia initiated in babies who are 6–24 hours old is
suggestive but not conclusive. More importantly, no evidence of
harm was found in the study.11

Views of the Chair of the Department of Pediatrics
To improve the prediction of neonatal HIE, umbilical cord
biomarkers may be helpful in the early identification of infants who
will develop HIE, facilitating the decision to use interventions such
as TH that are time-sensitive. For instance, umbilical cord lactic acid
and alanine may predict the development of HIE, especially when
combined with clinical symptoms.25 Umbilical cord inflammatory
makers may be predictable as well. Umbilical blood Interleukin-16
has been shown to be associated with poor neurodevelopmental
outcomes in infants with HIE.26 In the above-mentioned case, the
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readily available umbilical cord HIE biomarkers might have helped
the decision to initiate TH within the first 6 hours of life. Future
studies are needed to identify early, readily available biomarkers
to help identify infants at risk for developing HIE.

Relevant Postnatal Course
The infant remained stable in room air and achieved independent
oral feeding by two weeks of postnatal age. Laboratory tests
including serum lactic acid, ammonia, carnitine, acylcarnitine,
biotinidase, plasma and urine amino acid, urine organic acid, and
genetic epilepsy panel were unremarkable. However, a repeat
MRI on postnatal day 16 revealed the presence of evolving areas
of cystic encephalomalacia involving both cerebral hemispheres,
left more extensively than right, and the right thalamus, dorsal
midbrain, left superior cerebellar hemisphere. After achieving
adequate seizure control, both clinical and electrographic,
the infant was discharged home on oral Phenobarbitone and
Levetiracetam with close follow-up with a pediatric neurologist
and NICU developmental clinic.

Summary Statement
The chronology of the evolution of brain injury and the pattern
of brain injury on MRI can indicate the severity and timing of HI
insult in neonates.27–30 In the current case, the presence of a very
apparent diffusion abnormality on the diffusion-weighted image
(DWI) MRI indicates the most probable in utero insult as the diffusion
abnormalities are most often seen after 24 of injury, with the
highest sensitivity at 48–72 hours post-injury.27,29 Moreover, an early
appearance of multicystic encephalomalacia features also indicates
a probable occurrence of in utero hypoxic injury.30 The brain injury
pattern with predominant involvement of the cortical watershed
region of the brain also indicated chronic partial HI insult.
Owing to the overlapping features and the existence of
interobserver variabilities of clinical assessment of the severity of
encephalopathy using the staging system developed by Sarnat
and Sarnat, a clear distinction between mild and moderate
encephalopathy is challenging to achieve.10 Hence, if the standard
biochemical criteria for TH are not met and if definitive features
of moderate to severe encephalopathy are lacking, contrasting
opinions and practice variations among providers are bound to
happen. Moreover, in the absence of an obvious acute perinatal
event, the timing of HI injury may remain uncertain. Often,
despite being exposed to prolonged in utero partial hypoxia that
can cause significant cortical injury, infants may initially present
with mild encephalopathy features, as seen in the current case.
Evidently, early biochemical, clinical, and physiological biomarkers
with strong correlations with the severity and timing of the HI
injury and higher predictive accuracy for long-term adverse
neurodevelopmental outcomes may better identify at-risk infants
and may be of utility in identifying infants for TH if the standard
cooling criteria are not met. Furthermore, a multivariate risk
prediction tool utilizing quantifiable early biomarkers may also
be of immense help for early stratification useful. 31
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