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Abstract
Background—To describe the concept, implementation, patient characteristics, and preliminary
outcomes of a Neonatal Neurocritical Care Service (NNCS) recently established at the University of
California, San Francisco.
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Methods—The NNCS was developed to better address the special needs of neonates at risk for
neurological injury. The service combines dedicated neurological care, specialized neonatal medical
and nursing expertise, neuromonitoring, neuroimaging, neurodevelopmental care, and long-term
follow up. Newborns evaluated by the NNCS between July 2008 and June 2009 were included in
the analysis. Demographic data (gestational age at birth, sex, admission diagnosis, and reason for
consult), outcome (mortality, length of stay), and neurophysiology and imaging resources were
extracted from patient charts.

Results—Over the 12-month period, 155 newborns were evaluated (approximately 25% of all
admissions); of these, 51 were preterm (<36 weeks gestation) and 104 were term. Approximately
half were admitted for primary medical diagnoses, such as preterm birth, congenital malformations
or apnea/apparent life-threatening event (ALTE), with the remainder admitted for primary
neurological problems, including perinatal asphyxia, seizures/possible seizures, or congenital
cerebral malformation. The most common neurological diagnoses were hypoxic-ischemic
encephalopathy (38%) and seizure (35%). Among preterm newborns, intra ventricular hemorrhage
grade III and periventricular hemorrhagic infarction were most common. Mortality was
approximately 20% in both preterm and term populations.

Conclusions—While specialized neurocritical care has improved outcomes in adult populations,
longitudinal studies are needed to determine whether specialized neurocritical care services will also
result in improved neurodevelopmental outcomes for newborns.

Keywords
Intensive care; Infant, newborn; Hypothermia, induced; Seizures; Electroencephalography;
Magnetic resonance imaging

Introduction
Neurocritical care is a growing multidisciplinary subspecialty that combines expertise in
intensive care, neurology, neurosurgery, and neuroradiology. Recent advances in adult
neurocritical care include continuous multimodal monitoring, recombinant tissue plasminogen
activator (TPA) for acute stroke, hypothermia for neuroprotection after cardiac arrest, and
therapy for vascular malformations [1–5]. In 2002, the Neurocritical Care Society was
established with the mission “to improve outcomes for patients with life-threatening
neurological illnesses.” In 2007, the Accreditation Council for Graduate Medical Education
(ACGME) gave the first certification examination, and as of May 2009 there were 40 accredited
programs in the United States. Currently, several national guidelines or practice parameters
pertinent to adult neurocritical care have been adopted [6–8]. Early evidence suggests that
specialized neurocritical care units can improve outcomes following stroke, trauma, and
subarachnoid hemorrhage [9–13]. Because of advances in monitoring and therapy, as well as
accumulating evidence of improved outcomes, there is increasing acceptance of adult
neurocritical care as a distinct subspecialty [14,15].

Like adult neurocritical care, dedicated pediatric neurocritical care is emerging as a distinct
subspecialty. The Department of Neurology at Children’s Hospital Boston is the first to provide
a dedicated training program in pediatric neurocritical care [16]. Bell et al. recently described
the initial effort to establish a Pediatric Neurocritical Care (PNCCM) service at the Children’s
National Medical Center in Washington D.C. [17], a model which Bell subsequently brought
to Children’s Hospital of Pittsburgh, where they have trained 18 fellows in Pediatric
Neurocritical Care since 2000. While there are fewer evidence-based guidelines in pediatric
neurocritical care, and no evidence yet that this type of specialization will improve outcomes,
the latter papers argue that expertise in pediatric neurocritical care will provide an essential
foundation for improved education and research.
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Neonatal intensive care nurseries (or ICNs) were initially developed as specialized units to
provide improved temperature support and feeding for at-risk newborns. An important feature
was low nurse-to-patient ratios, and training for nurses, with special emphasis on the unique
problems experienced by newborns. As with adults, improved cardiopulmonary care has led
to increased survival following preterm birth and critical neonatal illnesses. Neurological
morbidity remains high, however, with increased risk of motor and cognitive disability in
newborns with neurological illnesses [18–20].

Recent advances in diagnosis and treatment of neurological illnesses seen in the ICN suggest
that the need for dedicated expertise in newborn neurocritical care equals that for adults and
children. For example, therapeutic hypothermia may reduce morbidity and mortality in
newborns with hypoxic-ischemic encephalopathy (HIE) [21–25]. Advances in brain
monitoring, including digital video-electroencephalogram (EEG) and amplitude-integrated
EEG (aEEG) allow real-time monitoring of cerebral function [26,27]. Progress in magnetic
resonance imaging (MRI) and transport of newborns for imaging has allowed detailed
anatomical evaluation of brain injury and developmental abnormalities [28].

In 2007, specialists in neonatology, neurology, neuroradiology, and neurodevelopmental care
at the University of California at San Francisco (UCSF) came together to create an
interdisciplinary Neonatal Neurocritical Care Service (NNCS) to address the perceived need
for more specialized neurological monitoring and support in the ICN setting. This is a
specialized service within the closed unit ICN, which provides dedicated neurology care,
specialized nursing, intensive monitoring, and standardized management guidelines for
newborns with congenital or acquired neurological conditions. This report describes the
structure of specialized neurocritical care for neonates by evaluating the volume, patient
demographics, underlying neurological conditions, and resource utilization during the first 12
months of operation.

Materials and Methods
Development of a Neonatal Neurocritical Care Service

In 2007, members of the Departments of Pediatrics and Neurology at UCSF developed a plan
for a dedicated service to provide specialized care for newborns with neurological conditions.
The mission and ultimate goal of the NNCS is to improve neurodevelopmental outcomes in
newborns at risk of neurological disability. The approach is multi-disciplinary, and includes a
dedicated pediatric neurology service, specialized neonatal medical and nursing expertise,
neuromonitoring, neuroimaging, neurosurgery, neurodevelopmental care (including Newborn
Individualized Developmental Care and Assessment Program, NIDCAP), and infant follow
up. The service cares for all newborns admitted to the ICN with primary neurological or
neurosurgical conditions at the time of admission to the ICN, or neurological complications as
a result of their primary admitting diagnosis.

Newborns cared for by the NNCS are admitted to the ICN at UCSF, with access to medical
intensive care such as extracorporeal membrane oxygenation (ECMO). Once a child is
identified as having a neurological condition, the dedicated neurologist is notified and the child
is assigned to a neonatal nurse with specialized neurological intensive care training.

The NNCS team consists of an attending neonatologist, an attending pediatric neurologist,
specialized bedside nurse, and housestaff and neonatal nurse practitioners in neonatology and
neurology. The NNCS team members round at least daily to co-manage newborns with acute
neurological conditions. The neonatology attending is responsible for the primary clinical care
of the newborns. The neurologist is responsible for management of acute neurological issues
(i.e., HIE, seizures) from the time of admission, and other neurological illnesses or brain injury
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as identified in children with primary medical conditions. The attending pediatric neurologist
helps to identify patients at risk for neurological sequelae (i.e., evaluating encephalopathy in
newborns with asphyxia), monitor newborns at high risk for seizures, diagnose and manage
seizures and status epilepticus, request and interpret imaging and other investigations, provide
prognosis, and ongoing, frequent, counseling to family members. Neurosurgeons are consulted
when appropriate. Children with acute neurological illnesses are assigned to a bedside nurse
with specialized neurological intensive care training. At UCSF, all neonatologists and pediatric
neurologists attend on the neurocritical care service; however, a smaller self-identified group
of neurologists provides the majority of care.

A working group consisting of neurologists, neonatologists, and nursing staff have developed
institution-specific guidelines for: (i) hypothermia therapy for newborns with HIE (including
initial outborn management and transport management for initiation of cooling prior to arrival
at UCSF, as well as inborn management,); (ii) electroen cephalogram (EEG) and aEEG
monitoring, and (iii) seizure therapy.

The working group has also implemented an educational program that consists of core
curriculum training and competencies for dedicated nursing staff, outreach to referral centers,
monthly housestaff lectures, quarterly case review, and dedicated time for members of the
Division of Neonatology to review cases and discuss controversial issues.

Data Collection
Following approval from the Committee for Human Research at UCSF, demographic and
mortality data for all admissions to the ICN were extracted from the Division of Neonatology
database for the time period June 2008 to May 2009. Hospital medical records were used to
extract data for all patients evaluated by the NNCS during its first year of operation (July 1,
2008 to June 30, 2009). Clinical data included date of birth, gestational age at birth, date of
admission, and timing of consult relative to the ICN admission. Primary diagnoses and reason
for evaluation by the NNCS were determined from the admitting and discharge summaries, as
well as from the consult notes. The primary diagnosis was defined as the main condition leading
to the admission to the ICN. We further collected outcome data, including length of stay and
mortality. Finally, we noted the resources utilized to diagnose and manage neurological
conditions, including neurosurgical consult, neuroimaging [cranial ultrasound, computed
tomography (CT), MRI], electroencephalogram (EEG), including prolonged studies (>24 h),
and aEEG.

Results
Basic Demographics

The NNCS evaluated 155 children over 1 year, which rep resented approximately one-quarter
of newborns admitted to the ICN. The demographic data appear in Table 1.

Underlying Conditions, Acuity, and Mortality
The primary reason for intensive care varied widely (Table 2). Close to half of the patients had
a primary medical condition as the reason for intensive care, while the remainder had a primary
neurological condition. The most common medical reasons for admission were preterm birth
(requiring respiratory and/or cardiac support), congenital malformation (non-cerebral), or
apnea/apparent life-threatening event (ALTE). Perinatal asphyxia, seizures/possible seizures,
and congenital cerebral malformations (including cerebral vascular malformations) were the
most common neurological reasons for admission.
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Overall, the group represented high acuity admissions, with long hospital stays and high
mortality. The median length of stay was 14 days (range 1, 267), with longer stays for preterm
newborns. Death prior to discharge occurred in 21% of those newborns evaluated by the NNCS,
compared with 7% of all ICN admissions. The most common neurological conditions leading
to death were intraventricular hemorrhage with periventricular hemorrhagic infarction (56%
mortality), brain malformation (30% mortality), and HIE (25% mortality). In all but two cases,
death occurred following redirection of care to comfort measures based on neurological
prognosis alone (18 children), neurologic prognosis plus need for long-term complex medical
or surgical care (12 children), or severe systemic illness without serious neurological
complications (1 child). Two children died despite maximal intervention (one during
embolization procedure for congenital cerebral vascular malformation and one with refractory
hypotension and necrotizing enterocolitis).

Neurological Conditions
Reasons for evaluation by the NNCS were diverse (Table 3). The most common primary
reasons for evaluation were: HIE/possible HIE (38%), seizures/possible seizures (25%),
intracranial hemorrhage (10%), and brain malformation (10%). Abnormal neurological
examination, abnormal imaging, encephalopathy, and dysmorphic syndrome were less
common causes. Among the newborns with a primary medical reason for admission to the
ICN, the most common reasons were seizures/possible seizures (34%), intracranial hemorrhage
(20%), and hypotonia (10%).

Of the term newborns, 50% were evaluated by the first postnatal day of life (range 0, 62 days);
preterm newborns were evaluated at a median age of 15 days of life (range 1,192 days). A
pediatric neurologist evaluated the term newborns a median of five times (range 1, 18), a
frequency that was similar for preterm infants.

The most common neurological diagnoses were HIE, seizure, brain malformation, and acquired
brain injury (Table 4). Several newborns carried multiple neurological diagnoses. Thirteen
newborns had normal neurological evaluations despite clinical concern for a neurological
condition.

Therapeutic Hypothermia for Hypoxic-Ischemic Encephalopathy
Fifty-six babies were evaluated for therapeutic hypothermia therapy. Of these, 51 (91%) were
referred from other centers or the UCSF Emergency Department (following home delivery).
Forty-four newborns were treated for 72 h at 33.5°C using whole body cooling with the
Blanketrol III™ (Cincinnati Sub-Zero Products, Cincinnati, OH) according to clinical entry
criteria and a cooling protocol that is similar to that of Shankaran et al. [22]. Reasons for
exclusion from the 72-h therapeutic hypothermia protocol included: late referral outside the 6-
h time window (two infants), only mild HIE (three infants), or wrong diagnosis (one infant),
leaving 50 appropriate referrals. Six infants were rewarmed prior to 72 h for worsening
persistent pulmonary hypertension of the newborn, including three who required ECMO. A
total of 14 newborns died as a result of profound hypoxic-ischemic injury.

Neuromonitoring and Neonatal Seizures
Newborns were monitored primarily for suspected seizures, as part of the therapeutic
hypothermia protocol (72–96 h of monitoring using both bedside aEEG and continuous video-
EEG), or to evaluate encephalopathy of unknown etiology. The bedside nurse and housestaff
reviewed the aEEG every 2–3 h. The continuous video-EEG recordings were reviewed at least
twice daily by the attending neurologist or neurophysiologist, or more often, as clinically
indicated. Starting in early 2009, EEG recordings were accessible for real-time interpretation
by an off-site neurologist via the internet.
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Overall, 106 children (68%) were monitored using conventional video-EEG (according to the
international 10–20 system modified for neonates) and 101 (65%) were evaluated using aEEG
(primarily using needle electrodes in a single-channel bi-parietal montage). Of the newborns
monitored using video-EEG, 85% had prolonged or multiple recordings lasting longer than 24
h.

Thirty-nine newborns were evaluated primarily for a clinical event that was suspicious for
seizure. Of these 23 (59%) were >36 weeks gestation at birth. Thirty-six (92%) were evaluated
using video-EEG and 28 (72%) using aEEG (three newborns were felt not to have seizures
based on clinical features of posturing or jitteriness). Of the infants evaluated for possible
seizures, 22 (56%) were felt to have had seizures by clinical and/or electrographic criteria,
whereas the remainder were thought to have spells or aEEG events that were not consistent
with seizure. In addition to the infants evaluated primarily for seizures, another 32 newborns
were diagnosed with clinical and/or electrographic seizures during their ICN stay. In all, 54
newborns were diagnosed with seizures; 19 had clinical events with semiology and clinical
course that was con sistent with seizure prior to monitoring, but no subsequent seizures
recorded once EEG monitoring was initiated (35%), 12 with only electrographic seizures
(22%), and 23 with both clinical and electrographic seizures (43%). Of the newborns that were
monitored with continuous EEG during therapeutic hypothermia, 52% had electrographic
seizures and five had clinical events that were suspicious for seizure, but were without EEG
correlate.

Resource Utilization/Neonatal Neuroimaging
Most of the newborns were imaged during their hospital stay using cranial ultrasonography
via anterior and posterolateral fontanelles (112, 72%) and/or MRI (114, 74%). MRI studies
included noncontrast morphologic imaging (volumetric T1-weighted spoiled gradient echo
images and conventional or fast spin echo axial T2-weighted images), diffusion tensor imaging
(with a b value of 700 s/mm2 and diffusion sensitization in a minimum of six directions), and
single voxel proton MR spectroscopy localized to the basal ganglia and frontal white matter
(PRESS technique with echo time of 288 ms). The total imaging time is approximately 45–60
min and the children are typically away from the ICN for 60–90 min. Newborns were imaged
only when stable for transport to the imaging suite. For newborns with HIE, MRI was typically
performed at 4–7 days of life. For other indications, the timing was variable and ranged from
the first 48 h of life (e.g., for seizures and suspected stroke) to several weeks of life (e.g., as
part of the evaluation of a syndromic infant). Of the newborns imaged with MRI, 39 studies
(25%) were performed as part of a research protocol, including 31 term newborns with perinatal
asphyxia and eight preterm newborns. Common abnormalities included findings seen in
hypoxic-ischemic injury (15%), white matter injury (12%), developmental abnormality (13%),
intracranial hemorrhage (8%), and stroke (5%). Only 21 (18%) had a normal imaging study
(Table 5).

Only six infants (4%) were evaluated using CT. Neurosurgical evaluation was requested for
23 newborns (15%).

Follow-up
Of the surviving children (and excluding the 13 with normal evaluations), 86 (78%) were seen
in one of the UCSF follow-up programs. A neurologist or rehabilitation specialist saw more
than half of the children, and 60% were seen in the High Risk Infant Follow-Up Clinic. The
follow up rate for children evaluated for therapeutic hypothermia was 95%, for children with
intraventricular hemorrhage 93%, for children with seizures 88%, and for children with stroke
86%.
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Discussion
Neonatology as a field has grown tremendously over the last 50 years. Progress in treatment
of vital organ systems such as lung and heart using surfactant, ventilation and ECMO have
resulted in improved survival rates for children born at very early gestational ages or with
critical illnesses due to infection, asphyxia, or congenital malfor mations [29–31].
Improvement in neurodevelopmental outcome, however, has not kept pace with improvement
in survival.

There is increasing evidence from experimental animal and human clinical studies to suggest
that the developing brain is unique in its response to injury, and that recovery is mediated by
different mechanisms from those observed in adults. First, excitation predominates in the
developing cerebral cortex and limbic structures, leading to a lower threshold for seizures and
excitotoxic hypoxic/ischemic injury (reviewed in [32]). Second, the neonatal brain is
selectively vulnerable to oxidative stress due to relatively high levels of free iron (reviewed in
[33]). Third, inflam mation plays a different role. Since the neonatal blood brain barrier appears
more resistant than its adult counterpart, microglia may be supportive rather than harmful, and
cytokines may be different in their mediating effects (reviewed in [34]). Fourth, the perinatal
period is unique in terms of neurogenesis, gliogenesis and circuit formation, all of which can
be impacted by disease. Indeed, these differences appear to result in selective vulnerability of
different cell populations through development (reviewed in [35]).

This emerging evidence, and our experience and observation suggest that neonatal neurocritical
care is a distinct subspecialty that requires specialized physician and nurse training, and an
approach that is different from both adult and pediatric neurocritical care. It is unique in its
patient populations, need for neurology/neonatology comanagement, nursing expertise, and
specialized equipment.

Patient Population
Although both children and neonates requiring critical care have high rates of seizures and
associated primary medical conditions, the latter do not have tumors or traumatic brain injury,
differentiating them from the most common causes for neurological consultation in the
pediatric ICU [17]. Even in the context of seizures, neurological management of newborns is
unique: newer anticonvulsant agents have not been tested in this population and seizures remain
very difficult to treat. Increasing evidence reveals the benefits of therapeutic hypothermia in
neonates with HIE, one of the most common conditions. In addition, preterm newborns (who
accounted for 1/3 of our population) are at very high risk of acquired brain injury and seizures
at a time when they are undergoing critical brain development, and thus require specialized
evaluation and follow up.

Neonatology/Neurology Co-Management
Our co-management model incorporating neonatologists and neurologists is optimal for patient
care due to the high rates of primary medical conditions, as well as frequent multi-system
disease and complex neurological problems present in our population. Multidisciplinary care
has increased our ability to recognize high rates of clinically silent injury and seizures, as well
as the effects of intensive medical care on brain function. A neonatologist is essential to provide
multi-system critical care. How ever, in our nursery, the neurologists spend a significant
amount of time at the bedside to assist with moment-to-moment management decisions for
conditions such as HIE and seizures. Neurologists are required in these cases for EEG
interpretation (especially given the high rate (22%) of newborns with electrographic seizures
without clinical correlate) and to examine for signs of encephalopathy in an asphyxiated
newborn. The neurology team also guides appropriate investigations for less common
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conditions such as brain malformations or isolated hypotonia, helps integrate results from
specialized tests, and assists in the determination of prognosis in newborns with injury or
underlying problems.

There is accumulating evidence from animal models and humans studies that seizures may
harm the developing brain [36–40]. Early and accurate recognition of seizures through trained
bedside nursing and continuous monitoring is important for managing appropriate therapy, and
may ultimately lead to better outcomes in this high-risk population. Amplitude-integrated and
full montage EEG provide complementary information about brain function [41–43] and
technical expertise in application and inter pretation that is available 24 h a day and 7 days a
week is essential for detecting seizures and monitoring background function.

Finally, the MR examination for newborns is quite different from that of an older child or adult,
as the neonatal brain has a different appearance (due to immature sulcation and myelination)
and responds differently to injury than more mature brains. Therefore, a neuroradiologist with
training and experience in MR, diffusion tensor, and spectroscopy imaging of the neonatal
brain is required for interpretation of these studies in newborns.

Specialized Nursing Care
A high level of bedside and transport nursing expertise has been essential to the functioning
of our service. For new borns with HIE, early treatment with hypothermia may be beneficial
[25,44,45], supporting the need for trained teams to apply this therapy during transport to a
referral center. Furthermore, specialized training in neonatal neurological intensive care is
necessary to recognize seizures and address the potential complications seen in newborns
treated with hypothermia.

Forty-nine of our 150 bedside nurses have participated in specialized education, which includes
neurological examination skills, seizure recognition, aEEG application and basic
interpretation, set-up and use of therapeutic hypothermia, and methods for safe transport for
MRI. At UCSF, there are two NNCS-trained nurses in the intensive care nursery at all times.

Specialized Equipment and Technical Expertise
Specialized equipment and technical expertise are important for applying emerging
neurotherapies, monitoring brain function, and detecting injury.

Therapeutic hypothermia appears to reduce death and disability in newborns with HIE [21–
25]. Though this therapy has been achieved without specialized equipment in a low resource
setting [46], most North American and European centers are using either whole body or
selective head cooling with Blanketrol™, CoolCap™, or other specialized devices to achieve
therapeutic hypothermia.

Studies by our group and others have found that MRI is superior to head ultrasound and CT
for detecting the injuries seen most commonly in newborns, including white matter injury,
findings seen in HIE, and developmental anomalies and malformations [28,47–52]. Using MRI
to better identify injury or developmental anomalies may help clinicians to identify those
children who are most likely to benefit from early referral for interventional services such as
physical and occupational therapy. Critically ill new borns can be safely transported for
imaging using an MR compatible isolette, ventilator, infusion pumps, and monitoring devices
[53]. At UCSF, newborns are transported for imaging in an isolette designed for our research
studies, a commercial MR-compatible isolette (Lammers Medical Technology, Luebeck,
Germany) or in an open crib, and are accompanied by two nurses, a physician and, if intubated,
a respiratory therapist. All personnel are trained both in neonatal critical care and in MR safety.
The MR technologists have training and experience in imaging the neonatal brain.
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Conclusions
Specialized neurocritical care has led to improved out comes in adult populations. There has
been recent interest in pediatric neurocritical care as a subspecialty that is separate from its
adult counterpart. Our first year of experience providing dedicated neurological care in the
ICN at UCSF suggests that neonatal neurocritical care is a sub-specialty that is distinct from
both adult and pediatric neurocritical care.

We propose that newborns with neurologic illnesses should be cared for by a multi-disciplinary
service consisting of neurologists, neonatologists and specialized nurses, and in a facility
capable of providing specialized care as we have described. Because of high rates of
comorbidities, access to medical and surgical intensive care such as ECMO, and surgical
subspecialties is essential. As such, optimal practice of neonatal neurocritical care would likely
be restricted to regional neonatal care centers.

Improved brain monitoring and imaging have widened our field of view on the developing
brain. It is our hope that dedicated neonatal neurocritical care, applied through a
multidisciplinary team of trained personnel, using specialized equipment will lead to better
neurodevelopmental outcomes, not merely better survival.

Longitudinal studies by our center and others to study novel neuroprotective agents and
examine the efficacy of monitoring, impact of seizure therapy, usefulness of MRI as a surrogate
marker, and cost effectiveness of these measures will be essential to determine whether the
presence of specialized neurocritical care will result in improved neurodevelopmental
outcomes for newborns.
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Table 1

Clinical characteristics of 51 preterm (< 36 weeks gestation) and 104 term newborns who were evaluated by the
Neonatal Neurocritical Care Service

Characteristic Term
(N = 104)

Preterm
(N = 51)

Male sex 51 (49%) 28 (55%)

Gestational age at birth (weeks) 39.3 (±1.4) 30.3 (±4.1)

Age at admission (days) 0 (0, 11) 1 (0, 109)

Length of stay 10 (1, 146) 57 (4, 267)

Death prior to discharge 22 (21%) 9 (18%)

Values in N (%), mean (±SD) or median (range)
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Table 2

Admission diagnosis for 155 newborns who were evaluated by the Neonatal Neurocritical Care Service

Primary medical Number
(%)

Primary neurological Number
(%)

Preterm birth 38 (25%) Perinatal asphyxia 57 (35%)

Congenital
 malformation/s
 (non-cerebral)

13 (8%) Seizures/possible
 seizures

14 (9%)

Apnea/ALTE 6 (4%) Congenital
 malformation/s
 (cerebral, including
 vascular)

11 (7%)

Respiratory distress 4 (3%)

Other 12 (7%)

Total 73 (47%) 82 (53%)

ALTE apparent life-threatening event
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Table 3

Primary reasons for evaluation by the Neonatal Neurocritical Care Service

Reason Term
(N = 104)

Preterm
(N = 51)

HIE/possible HIE 55 (53%) 4 (8%)

Seizures/possible seizures 23 (22%) 16 (31%)

Brain malformation (including vascular) 13 (13%) 3 (6%)

Abnormal neurological examination

 Hypotonia 5 (5%) 3 (6%)

 Cranial nerve 1 (1%) 0

 Microcephaly 0 2 (4%)

Intracranial hemorrhage

 IVH III/PPHN 0 14 (27%)

 Other 0 1 (2%)

Abnormal imaging 1 (1%) 4 (8%)

Encephalopathy NOS 2 (2%) 1 (2%)

Dysmorphic syndrome 3 (6%) 0

Other 1 (1%) 3 (6%)

HIE hypoxic-ischemic encephalopathy, IVH intraventricular hemorrhage, PPHI periventricular hemorrhagic infarction, NOS not otherwise specified
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Table 4

Neurological diagnoses (up to three per patient) for newborns who were evaluated by the Neonatal Neurocritical
Care Service

Diagnosis Term
(N = 104)

Preterm
(N = 51)

HIE 53 (50%) 6 (12%)

Seizures (clinical and/or electrographic) 44 (42%) 10 (20%)

Brain malformation 16 (15%) 4 (8%)

Stroke 5 (5%) 2 (4%)

Syndrome 8 (8%) 3 (6%)

IVH III or PPHI 0 21 (41%)

HIE hypoxic-ischemic encephalopathy, IVH intraventricular hemorrhage, PPHI periventricular hemorrhagic infarction, NOS not otherwise specified
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Table 5

Resource utilization for 155 newborns who were evaluated in the Neonatal Neurocritical Care Service

Modality Term
(N = 104)

Preterm
(N = 51)

Therapeutic hypothermia 52 (50%) 1 (2%)

Neurophysiology

 EEG 81 (78%) 25 (49%)

 aEEG 70 (67%) 20 (39%)

Imaging

 Ultrasound 66 (63%) 46 (90%)

 CT 4 (4%) 2 (4%)

 MRI 78 (75%) 36 (71%)

Neurosurgery consult 9 (9%) 14 (27%)

NIDCAP 2 (2%) 8 (16%)

EEG electroencephalogram, aEEG amplitude-integrated EEG, CT computed tomography, MRI magnetic resonance imaging, NIDCAP Newborn
Individualized Developmental Care and Assessment Program
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