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Abstract
Since 2009, the Neurosciences Intensive Care Nursery at Johns Hopkins Children’s Center has provided a multidisciplinary
approach toward the care of newborns with neurological disorders. The program’s cornerstone is an interdisciplinary approach
that involves the primary neonatology team plus experts from more than 10 specialties who convene at a weekly team conference
at which newborns with neurological problems are discussed in detail. This interdisciplinary approach fosters in-depth discussion
of clinical issues to optimize the management of neonates with neurological problems as well as the opportunity to generate
research ideas and provide education about neonatal neuroscience at all levels (faculty, nurses, and trainees). The purpose of this
article is to provide a 10-year reflection of our Neurosciences Intensive Care Nursery with a view toward expanding efforts in the
3 areas of our mission: clinical care, research, and education. We hope that our experience will enhance the spread of neonatal
neuroscience education, care, and research as widely as possible.

Keywords
neonates, multidisciplinary care, neurosciences

Received October 22, 2019. Received revised December 16, 2019. Accepted for publication January 16, 2020.

There is a significant, currently unmet need for specialized

neurological care of critically ill newborns in neonatal inten-

sive care units. Several prior publications have described the

evolution of neonatal neurocritical care services across the

United States and Canada.1–3 The initial report, in 2011,4

addressed the benefits of expedited neonatology, neurology,

and neurosurgery comanagement of newborns with acute neu-

rological needs, including rapid access to brain monitoring,

imaging, and consultations by experts trained in the manage-

ment of a wide variety of neurological illnesses affecting new-

borns. As the list of neurological disorders that are encountered

in the neonatal intensive care unit continues to expand

(Table 1), so do increasing opportunities for novel management

and therapeutics. This knowledge gap has necessitated the

training of individuals from multiple specialties in neonatal-

specific issues, and in response, several dedicated fellowship

programs in neonatal neurology and neurocritical care have

been established.5

The rise in neonatal neurocritical care as a subspecialty has

also provided benefits to populations at risk of long-term

neurological comorbidity, including patients with hypoxic–

ischemic encephalopathy,6 very preterm infants with neurolo-

gical morbidity, patients with congenital central nervous

system anomalies and prenatal exposures, and children with
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congenital heart disease, including those receiving extracorpor-

eal membrane oxygenation who are at increased risk for white

matter injury and stroke.7,8 The availability of dedicated pedia-

tric neurologists and other neuroscience clinicians in the neo-

natal intensive care unit has enhanced neurologic care across

institutions.3 Furthermore, the increased application of infor-

mative electroencephalogram (EEG) techniques in neonates,

including continuous EEG monitoring,9 and the increased

sophistication and utilization of neuroimaging techniques such

as magnetic resonance imaging (MRI) and cranial ultrasono-

graphy10,11 have become instrumental components of a neona-

tal intensive care unit that provides state-of-the-art

neurological care.

Mounting evidence supports a multidisciplinary approach to

the management of neurological disorders in the neonatal

intensive care unit for optimizing care, and standardization of

some management practices, leading to improved patient out-

comes. Our Neurosciences Intensive Care Nursery specialists

work together to establish protocols to promote neuroprotec-

tion and brain recovery from injury such as hypoxic–ischemic

encephalopathy, stroke, intracranial hemorrhage, seizures, and

central nervous system infections while also initiating mea-

sures that might prevent further injury, that is, optimizing brain

perfusion, cerebral autoregulation, and oxygenation.12–20 Stan-

dardization of video EEG monitoring during therapeutic

hypothermia has resulted in improved rapid seizure detection,

optimization of EEG recording techniques, and reduced use of

unnecessary antiseizure medications in this vulnerable popula-

tion.21 Additional collaborative research has identified key

imaging and clinical signs associated with long-term outcomes

among preterm children with post-hemorrhagic hydrocepha-

lus.22–24 Recent projects have led to improved understanding

of the immediate and long-term consequences of neonatal cer-

ebellar injury.25 Ongoing research efforts can pave the way

toward the widespread use of molecular biomarkers for the

evaluation of newborns with brain injury.26

Beginnings of the Johns Hopkins Hospital
Neurosciences Intensive Care Nursery

In 2009, several faculty at Johns Hopkins Hospital with an

interest in neonatal neurological care established our Neuros-

ciences Intensive Care Nursery, based on successes at other

institutions such as the Children’s National Medical Center in

Washington, District of Columbia, and the University of Cali-

fornia, San Francisco,4 and in an effort to address a growing

gap in specialized neonatal neurocritical care. Our program

arose from the vision of several clinical leaders, including Dr

Frances J. Northington (neonatologist), Dr Thierry A.G.M.

Huisman (pediatric neuroradiologist), and Dr Adam Hartman

(pediatric neurologist) with the goal to provide optimal neona-

tal neurocritical care by means of a multidisciplinary approach.

The support of Dr Edward Lawson, the division chief of neo-

natology at Hopkins at the time, was instrumental in fostering

the Neurosciences Intensive Care Nursery program in its early

stages. Early discussions with Drs Michael Johnston, Ali

Fatemi, and Marilee Allen of the Kennedy Krieger Institute

ensured that our Neurosciences Intensive Care Nursery pro-

gram included a strong neurodevelopmental focus, including

early assessment in the neonatal intensive care unit. Integrated

infant follow-up clinics (now called the Infant Neurodevelop-

ment Center) were established at the Hopkins-affiliated Ken-

nedy Krieger Institute, located adjacent to the John Hopkins

Children’s Center and at the nearby Mount Washington Pedia-

tric Hospital (which focuses on rehabilitation and long-term

care), ensuring ongoing collaborative care for Neurosciences

Intensive Care Nursery graduates and their families. Funding

for our Neurosciences Intensive Care Nursery was initially

provided by a generous grant from the Dana and Albert R.

Broccoli Charitable Foundation, and subsequently we have

received funding from the Pakula Family to support research

of junior faculty.

During the acute stage following birth, Neurosciences

Intensive Care Nursery patients are physically housed in the

Johns Hopkins neonatal intensive care unit, staffed by the

neonatology teams who request consultations from various

subspecialists as appropriate. The centerpiece of our Neuros-

ciences Intensive Care Nursery program is a weekly multi-

disciplinary team conference at which the clinical care,

Table 1. Selected Diagnoses Among Infants Seen at the NICN at
Johns Hopkins Hospital.

Encephalopathy Secondary to HIE or other causes
Seizures Multiple etiologies, including HIE, stroke,

infection, electrolyte disturbances, inborn
metabolic errors, brain malformations

Brain malformations Focal cortical dysplasia, schizencephaly,
polymicrogyria, subcortial band heterotopias,
periventricular nodular heterotopias

Metabolic Inborn errors of metabolism, genetic epileptic
encephalopathies

Neurosurgical Hydrocephalus/ventriculomegaly, vascular
anomalies, congenital brain malformations,
intracranial tumors and cysts, traumatic
injuries, myelomeningocele/spinal anomalies

Cerebrovascular Intraventricular hemorrhage, stroke
(fetal-remote, perinatal, venous ischemic),
subdural/epidural/subpial hemorrhage,
intraparenchymal hemorrhage, vascular
malformations including vein of Galen
malformation, cerebral sinovenous thrombosis

Musculoskeletal Brachial plexus injuries during birth,
neuromuscular junction disorders including
spinal muscular atrophy, congenital and
transient neonatal myasthenia gravis,
myopathies, peripheral neuropathies

Infectious Meningitis/encephalitis and other central
nervous system infections including Zika
virus

Toxic Neurological sequelae from in utero drug
exposures

Abbreviations: HIE, hypoxic–ischemic encephalopathy; NICN, Neurosciences
Intensive Care Nursery.
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neuroimaging findings, electrophysiological studies, and

other patient data are discussed in detail by all services

involved, with the aim of improving the clinical management

of neurologically ill newborns. Numerous faculties from

allied fields (associated with the neonatal neurosciences) con-

tribute to the care of each Neurosciences Intensive Care Nur-

sery patient. Our multidisciplinary approach is unique and,

per our understanding, unparalleled across all institutions that

provide neonatal neurocritical care.

A typical case presentation during the Neurosciences Inten-

sive Care Nursery weekly meeting begins with a summary of

the infant’s neonatal intensive care unit course by the neona-

tology team, followed by an update on the current neurologi-

cal status and examination by the consulting neurology team.

Fetal and postnatal neuroimaging is reviewed by the pediatric

neuroradiologists to assist with prospective planning and

management. The EEG findings are presented by our epilep-

tologist or neonatal neurology fellow. A neurosurgeon is

available to comment on any neurosurgical needs that the

baby might have. Neurodevelopmental specialists comment

on expected short- and long-term outcomes for each infant,

offering an important and highly appreciated perspective that

can be communicated to families. Finally, neuroscientists in

attendance are able to provide insight into any ongoing

research that can impact the team’s understanding of the

patient’s pathophysiology. Any questions pertaining to man-

agement are thoroughly discussed among the various experts,

which often results in a rich and far-reaching discussion. Per-

haps most importantly, a timely update is provided to the

family of each newborn discussed, by the primary neonatol-

ogy team, promptly after the Neurosciences Intensive Care

Nursery conference, representing the aggregate consensus of

the multiple specialists. If appropriate, specialists also partic-

ipate in this family discussion. Families greatly appreciate

this timely multidisciplinary feedback.

The weekly Neurosciences Intensive Care Nursery confer-

ence continues to be regarded and attended enthusiastically

by attendees. Over the decade since its inception, the initial

enthusiasm about our Neurosciences Intensive Care Nursery

has continued and increased, generating a current program

that is vigorous and comprehensive. Although the cadre of

specialists has changed over the years, the original core prin-

ciples and vision continue to form the basis of our current

Neurosciences Intensive Care Nursery (Figure 1). Our

expanded Neurosciences Intensive Care Nursery now

includes specialists in maternal–fetal medicine, neurological

surgery, basic neuroscience, palliative care, and several other

fields.27 A typical weekly Neurosciences Intensive Care Nur-

sery conference attracts more than 30 attendees from more

than 10 subspecialties, covering the wide spectrum of trai-

nees, faculty, and multidisciplinary expertise and perspec-

tives mentioned earlier. The collaborative spirit promoted

by these weekly meetings has led to the development of new

protocols for various aspects of clinical care, as discussed

earlier, and has initiated research projects related to neonatal

neurological care.

Neonatologists

The primary neonatology team admits infants to the neonatal

neurocritical care service and provides brain monitoring and

resuscitation as needed.27,28 The neonatology team coordinates

neuroimaging for infants with suspected neurological involve-

ment, which is critical for clarifying the suspected primary

diagnosis. The primary team coordinates consultations from

appropriate specialists such as neurology, neurosurgery, and

genetics as well as our neurodevelopmental consult service.

A recent enhancement in our weekly Neurosciences Intensive

Care Nursery conference is inclusion, by teleconference, of our

cognate neonatal intensive care unit at the Johns Hopkins

Bayview Medical Center, a Level IIIb neonatal intensive care

unit 3 miles from our main campus, and other affiliated

regional neonatal intensive care units. We also have the ability

to teleconference with other tertiary care neonatal facilities on

an as needed basis. These technological developments facilitate

communication among local and regional specialists and

enhance care of sick neonates in a wide geographic area.

Specialized Neurosciences Intensive Care Nursery
Nursing Team

Our neonatal intensive care unit is championed by a dedicated

nurse coordinator as well as neonatal nurses who are specially

trained in the assessment and management of the neurologi-

cally ill neonate.29 The nurse coordinator organizes the weekly

Neurosciences Intensive Care Nursery conference, in conjunc-

tion with the primary neonatology team, and provides educa-

tion to new fellows and nurses about Neurosciences Intensive

Figure 1. The Johns Hopkins Neurosciences Intensive Care Nursery
includes specialists in neonatology, pediatric neurology, neurodeve-
lopmental neuroscience, maternal–fetal medicine, neurological sur-
gery, neuroradiology, and basic neuroscience.
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Care Nursery protocols, practices, and culture. Our nurse coor-

dinator also maintains databases of neonatal intensive care unit

newborns with neurological diagnoses and facilitates research

study enrollment for eligible patients during their neonatal

intensive care unit stay.

In the Johns Hopkins Neurosciences Intensive Care Nur-

sery, the specialized nursing team receives advanced training

in neurological examination skills and the recognition of sei-

zures and other signs of acute neurologic deterioration. These

specialized nurses are well versed in the use of amplitude-

integrated EEG (aEEG) and receive training in near-infrared

spectroscopy for the monitoring of cerebral oxygenation. The

specialized Neurosciences Intensive Care Nursery nursing

team is experienced in the therapeutic hypothermia protocol

for treatment of hypoxic–ischemic encephalopathy in term and

near-term babies and is responsible for a neuroprotection pro-

tocol for premature patients, which aims to decrease the rate of

intraventricular hemorrhages by optimizing head position, fluid

and respiratory status, as well as by limiting noxious stimuli, to

minimize pain and stress. Further information is available at

https://hpo.johnshopkins.edu/hopkins/policies/158/31304/

neuro_protective_bundle.pdf.

Pediatric Neurologists

Pediatric neurologists are consulted to provide expert neurolo-

gical assessment of the critically ill infant. They provide rec-

ommendations on the diagnostic evaluation and management

of a wide range of neurological problems. As seizures consti-

tute a common presenting symptom among patients with

hypoxic–ischemic encephalopathy, neonatal stroke, metabolic,

epileptic encephalopathy, and other acute disorders, these

patients are monitored closely with continuous EEG from the

first concern of an acute neurologic problem28; management

recommendations are discussed promptly based on real-time

EEG interpretation. The EEG readers provide frequent updates

to guide ongoing clinical management. At our institution, con-

tinuous video monitoring is interpreted by an epileptologist

with experience in neonatal EEG. A committed pediatric epi-

leptologist with expertise in neonatal EEG attends the weekly

Neurosciences Intensive Care Nursery conference and reviews

EEGs collected over the previous week, providing teaching

with each case.

A neurologist with fellowship training in pediatric cerebro-

vascular disorders provides consultation and attends the weekly

Neurosciences Intensive Care Nursery conference. This stroke

expert provides guidance on the management and associated

outcomes of patients with cerebrovascular complications and

contributes to the differential diagnosis of disorders that can

mimic neurovascular disease.30

Neuroradiologists

The success of our Neurosciences Intensive Care Nursery pro-

gram has relied on the expertise of our dedicated pediatric

neuroradiology team. Neuroradiologists with subspecialty

interest in neonatal neuroimaging offer interpretation of

diverse neuroimaging studies that are essential for neonatal

neurologic care. Common imaging modalities utilized in

the Neurosciences Intensive Care Nursery include cranial

ultrasound10,24,31 and brain MRI.32 Our use of head computed

tomography is highly limited except when there is concern for

calvarial fractures. Understanding the subtleties of neuroima-

ging findings in healthy and sick neonates is challenging and

the techniques in this field are evolving rapidly, with

advanced neuroimaging techniques helping to promote a bet-

ter understanding of the injury associated with preterm birth,

hypoxic–ischemic encephalopathy, and neonatal stroke. This

information aids in the long-term prediction of outcomes and

family counseling.11,15,33–38 Well-established interdepart-

mental protocols and direct communication between neona-

tal intensive care unit nursing and pediatric radiology

technologists greatly influence successful acquisition of

diagnostic examinations.

Neurodevelopmental Specialists

Neurodevelopmental specialists (pediatricians, neurologists,

and neuropsychologists) with specific interest and training in

assessment and prognostication of early neonatal neurological

insults are proving essential for optimal acute and chronic care

of neurologically impaired infants. Neurodevelopmental spe-

cialists provide detailed assessments in the neonatal period to

allow for the behavioral, cognitive, and motor prognostication

following premature birth as well as in the diagnosis of hydro-

cephalus, hypoxic–ischemic encephalopathy, congenital

anomalies, seizures, prenatal opioid exposure, and perinatal

stroke. Assessment in the neonatal intensive care unit is criti-

cal, given the increasing understanding of the significance of

very subtle early findings; tests include the Amiel-Tison neu-

rologic assessment, the Neonatal Intensive Care Unit Network

Neurobehavioral Scale, and the Prechtl General Movement

Assessment. This in-depth neurodevelopmental examination

during the neonatal intensive care unit stay provides insight

into future neurologic function, which is one of the most fre-

quent questions asked by parents. This approach has been

instrumental in advancing our research objectives to develop

a combined use of imaging and neurodevelopmental examina-

tion for prognostication.

One unique aspect of our program is “NEST” (Nurturing

Environmental Support Team) rounds, whereby a multidisci-

plinary neurodevelopmental team consisting of a neurodeve-

lopmental neurologist, neuropsychologist, child life specialist,

and physical, occupational, and respiratory therapists together

round weekly on neurologically ill neonates in the neonatal

intensive care unit. This team engages with the infants and their

parents directly and allows establishment of an individualized

developmental care plan for each patient. Care plans include

parental teaching and counseling, with particular attention to

the environmental factors in the neonatal intensive care unit

setting that could affect a baby’s cognitive and motor function.

The NEST team also provides advanced planning of the type
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and frequency of therapies that are initiated while the baby is

still in the neonatal intensive care unit, with an effort to pro-

mote better long-term neurodevelopmental outcomes.

Improved adherence to outpatient follow-up in the high-risk

neonatal intensive care unit follow-up clinic (Infant Neurode-

velopment Center) has been observed among families partici-

pating in NEST rounds.

After discharge, patients with brain injury, exposures, or

malformations deemed at high risk for motor and cognitive

deficits are followed up at the Infant Neurodevelopment Cen-

ter, our neonatal intensive care unit follow-up clinic. Impor-

tantly, Neurosciences Intensive Care Nursery faculty from

multiple subspecialties coordinate care across subspecialties and

across the life span, providing a unique, integrated care model

that enhances patient outcomes and research progress. Children

benefit from such close monitoring, which can pave the way

toward early diagnosis of wide myriad of disorders (including

cerebral palsy and hemiplegia)39,40 as well as the establishment

of appropriate early interventions and therapies. Patients needing

additional management of seizures with antiseizure medications

or other therapies are typically followed up in our Pediatric

Neurology Clinic and at integrated clinics at the Kennedy Krie-

ger Institute and Mount Washington Pediatric Hospital.

Neurosurgeons

The pediatric neurosurgical team provides essential manage-

ment in cases of intracranial hemorrhage, tumor and infection,

ventriculomegaly, vascular and other congenital anomalies,

myelomeningocele, and other spine and brain disorders. The

ability of neonatologists at the Johns Hopkins Bayview Medical

Center campus and affiliated hospitals to interact and discuss

their patients with a pediatric neurosurgeon during the weekly

Neurosciences Intensive Care Nursery conference by teleconfer-

ence has led to more appropriate decisions regarding timing for

transfer of infants, improved utilization of resources, and

reduced family stress. Fetoscopic repair of myelomeningocele

offered at Johns Hopkins Children’s Center represents an

exciting option for highly selected maternal–fetal candidates,

exemplifying the complex teamwork by the integrated Neu-

rosurgical–Fetal Medicine team (described in next section).41

Collaboration with the Neurosciences Intensive Care Nursery has

also facilitated participation in national multicenter clinical trials

for neonatal hydrocephalus and other congenital disorders.42,43

Maternal–Fetal Medicine and Fetal Therapy Specialists

An active Maternal–Fetal medicine and Fetal Therapy program

at Johns Hopkins integrates and elevates the work of the Neu-

rosciences Intensive Care Nursery. The Maternal–Fetal medi-

cine group at Johns Hopkins often seeks consultation from

neurology and neurosurgical specialists after identifying

fetuses with potential brain developmental anomalies by ultra-

sound or fetal MRI. Pediatric neurologists, neurosurgeons, and

other relevant staff from the Johns Hopkins neonatal intensive

care unit routinely meet with families ahead of any planned

deliveries of infants with suspected neurological involvement

or brain anomalies. At the Neurosciences Intensive Care Nur-

sery conference, Maternal–Fetal medicine specialists report on

radiological and clinical aspects of fetuses being followed

closely and treated for neurologic abnormalities, some of

whom warrant prenatal medical or surgical interventions. Clin-

ical aspects of these cases are discussed and followed during

their course, with bidirectional discussions enhancing care,

both prenatally and postnatally.

Developmental Neuroscientists

At Johns Hopkins University, we are fortunate to have a com-

munity of pediatric neuroscientists of international repute,

whose work focuses on disorders of the developing brain and

nervous system. Several neuroscientists as well as clinical

faculty with translational neuroscience research interests are

directly involved in our Neurosciences Intensive Care Nursery,

attend the weekly conference, and provide wide-ranging per-

spectives on the scientific basis of brain development and pro-

tection. Input from such neuroscientists has provided valuable

insights into potential contributions of laboratory efforts as

well as a useful perspective on clinical questions. The monthly

Pediatric Neurosciences Collaborative seminar series show-

cases recent advances by Neurosciences Intensive Care Nur-

sery members and their collaborators. State-of-the-art scientific

advances are ongoing in several laboratories at our institution,

resulting in numerous collaborative publications and ongoing

projects. Recent publications span the spectrum from basic

research to clinical trials.44–49 Productive, cutting-edge colla-

borations are ongoing between clinicians and neuroscientists.

The direct, frequent interactions during the weekly Neuros-

ciences Intensive Care Nursery and monthly Pediatric Neuros-

ciences Collaborative fosters interaction across the spectrum

from basic, translational, and clinical investigation, with pro-

pagation and acceleration of research in every realm.

Progress to Date

Patient Care

More than 1200 patients have been evaluated and discussed as

part of weekly Neurosciences Intensive Care Nursery confer-

ences over the past 10 years, including more than 300 patients

with hypoxic–ischemic encephalopathy. Approximately 100

continuous EEGs are performed each year in our neonatal inten-

sive care unit, and over 60 neurosurgical consults are obtained.

Parents of babies with primary neurological issues often express

gratitude that their baby’s care is discussed by numerous spe-

cialists at the multidisciplinary Neurosciences Intensive Care

Nursery meeting; parents are provided prompt feedback after

the Neurosciences Intensive Care Nursery discussion.

Education

Multiple educational initiatives have been offered over the

past decade. The Neurosciences Intensive Care Nursery

Carrasco et al 5



“Foundations Course” (held in 2009, 2011, 2014, and 2016) has

been an extremely popular series of lectures and discussions

provided by Neurosciences Intensive Care Nursery faculty as

an 8-hour educational program aimed at Neurosciences Inten-

sive Care Nursery nurses, pediatrics residents, and neonatology

fellows. Typical course content is listed in Table 2.

Additional training of residents and fellows within Johns

Hopkins Hospital is available. All pediatric neurology and

neurodevelopmental neurology residents at Johns Hopkins

and Kennedy Krieger Institute complete an intensive 2- to

4-week rotation in the Neurosciences Intensive Care Nursery

during their postgraduate 4 or 5 years. The rotation includes

lectures on various neonatal neuroscience topics; training in

neonatal aEEG, continuous video-EEG, and HUS/MRI;

opportunities to round with the neurodevelopmental team and

to engage in the Nurturing Environmental Support Team

rounds; and the opportunity to spend time at the Kennedy

Krieger Institute Infant Neurodevelopment Center, our neo-

natal intensive care unit follow-up clinic. Each resident pre-

sents a talk on a neonatal neuroscience topic during one of our

weekly Pediatric Neurology Grand Rounds. Opportunities

also exist for interested residents in pediatrics and other dis-

ciplines or medical students to get an intensive Neurosciences

Intensive Care Nursery exposure.

We have established a fellowship program in Neonatal

Neuroscience for individuals who have completed a pediatric

neurology residency, neonatal fellowship, or related training

program and seek advanced training in the neonatal neuros-

ciences. The program has recently enrolled its second fellow.

This fellowship provides specialty training in neonatal neu-

rocritical care (including the evaluation of newborns with the

conditions listed in Table 1), intensive training in neonatal

EEG, neuroradiological and neurobehavioral assessment,

and exposure to other technologies used in neonatal assess-

ment. Fellows attend the Infant Neurodevelopment Center

follow-up clinic, perform fetal and neonatal consultations

(inpatient and outpatient), and assist with the education of

nurses, residents, and other learners. They also play an

important educational role in the residents’ Neurosciences

Intensive Care Nursery rotation. Neonatal Neuroscience

fellows have ample time to develop and pursue research

interests under the guidance of faculty.

Beyond Johns Hopkins Hospital, our core faculty has pro-

vided regional, national, and international continuing medical

education courses focusing on recent practice guidelines in

neonatal neurology, neuroradiology, neurodevelopment, and

neurosurgery, aimed at physicians, neonatal nurse practi-

tioners, and other nurses who care for neonates. Johns Hop-

kins Hospital neonatal intensive care unit faculty members

have assisted other institutions in developing their own Neu-

rosciences Intensive Care Nursery programs, including those

at the University of Virginia, the University of Alabama at

Birmingham, and Duke University. The Duke and Virginia

programs were developed by and are directed by graduates

of the Johns Hopkins Neurosciences Intensive Care Nursery

training program.

Current Research Endeavors

More than 100 joint publications have emerged from our group,

promoting advances in the understanding of many areas of the

neonatal neurosciences, including neuroprotection following

brain injury, neural recovery therapy, neuroimaging, fetal

therapy, and diagnostics. Selected ongoing research studies

are listed in Table 3.

To summarize, the Johns Hopkins Neurosciences Intensive

Care Nursery is thriving and continues to make advancements

across several areas (including patient care, education, and

research) that contribute to improved patient outcomes. The

number of consults to the neurology and neurosurgical teams

(as well as the utilization of cEEG in the neonatal intensive care

unit and the number of neurosurgical interventions received by

our patients) have also continued to increase over the years.

Inclusion of the Neurodevelopmental NEST program within

our Neurosciences Intensive Care Nursery program has

increased outpatient follow-up rates for infants seen by NEST

specialists to >95%, well above our usual follow-up rates of

*70%. We also track adherence to our program’s protocols,

especially, the execution of therapeutic hypothermia, and use

our regular meetings to incorporate needed changes or empha-

size the value of consistency. We have constructed databases

to allow questions of either quality improvement or other type

of research questions to be asked, so it is a rich resource that

has to date primarily been mined for non-quality improvement

questions. In the meantime, our educational and research

initiatives continue to grow. Finally, the multidisciplinary

expertise brought in by Neurosciences Intensive Care Nursery

continues to benefit the neonatal intensive care unit newborns

and has translated into greater patient satisfaction (among

parents) over the years.

Challenges

We are proud of the successes of our nascent Neurosciences

Intensive Care Nursery program, which include overcoming

considerable logistical hurdles to initiate the program,

Table 2. Sampling of “Foundations Course” Educational Lectures.

How Cooling Prevents Cerebral Palsy
Erythropoietin Studies in HIE
Neonatal Seizures
Hands-on aEEG
Neurodevelopmental Assessment in the NICU
Neurodevelopmental Outcomes After Perinatal Brain Injury
Neuro-Imaging in the Newborn
Perinatal Stroke: Causes and Consequences
Evidence for Improving Family Outcomes After HIE
Fetal Hydrocephalus: A Diagnostic Challenge

Abbreviations: aEEG, amplitude-integrated electroencephalogram; HIE,
hypoxic–ischemic encephalopathy; NICN, Neurosciences Intensive Care
Nursery.
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sustain funding for the nurse coordinator who is vital to the

program’s function, maintain a vibrant weekly Neuros-

ciences Intensive Care Nursery conference with consistently

high attendance and passionate participation, and facilitate

outreach efforts to other institutions. All of these successes

are a result of coordinated efforts of many individuals who

maintain an optimistic vision of what a Neurosciences Inten-

sive Care Nursery program is and what it can be. Yet, the

challenges should not be underestimated. Similar to most

subspecialty pediatric programs, our Neurosciences Intensive

Care Nursery program constantly struggles to maintain

financial viability. Equipment purchases, maintenance, and

updates are dependent on hospital-based requests. All faculty

participation is voluntary with no tangible compensation for

their efforts. Some individuals have grant funding as a result

of Neurosciences Intensive Care Nursery collaborations and

the infrastructure made possible by the Neurosciences Inten-

sive Care Nursery program, a circumstance that we hope will

grow and expand. Convincing departmental and hospital

leadership of the importance of a Neurosciences Intensive

Care Nursery program for children, families, and the wider

research and medical community is an ongoing effort.

Leadership changes and personnel transitions have been

challenging but represent an opportunity for new directions

and growth.

Plans for Expansion

Many aspects of the Neurosciences Intensive Care Nursery

program are ripe for expansion. In particular, new clinical and

research protocols being developed by us and other Neuros-

ciences Intensive Care Nursery programs are shared at profes-

sional meetings such as the Neonatal Neurocritical Care

Special Interest Group held at the Pediatric Academic Societies

annual meeting and the “ONE Conference” for Neuro-Critical

Care Nurses whose motto is “one baby, one nurse, one brain,

one moment, one connection makes the difference.” Of great

excitement to clinicians and researchers is the imminent estab-

lishment of a new professional society devoted to newborn

neurological disorders and research, which will be called the

Newborn Brain Society (organizer: Dr Mohamed El-Dib, Brig-

ham & Women’s Hospital, Boston, MA; personal communica-

tion, August 08, 2019). Our Maternal–Fetal and Fetal Therapy

programs and palliative care efforts are bringing additional

patients for review and improving our overall patient discus-

sions. An additional challenge is obtaining financial and insti-

tutional support to sustain the fellowship in neonatal

neurosciences and thereby provide the next generation of spe-

cialists for Johns Hopkins Children’s Center and other institu-

tions. One of our constant goals is to encourage well-trained

neonatologists, pediatric neurologists, and other specialists

who desire to develop a Neurosciences Intensive Care Nursery

Table 3. Selected Ongoing Studies in the Neonatal Neurosciences at Johns Hopkins.

HIE � Basic science studies on white matter injury following HIE
� Serum biomarkers of asphyxia
� Feeding and growth following neonatal HI and therapeutic hypothermia
� Study of Perinatal brain injury Recovery and OUTcome (SPROUT): Early building blocks of higher order cognition
� Preclinical evaluation of executive function in HIE

Prematurity � Serum biomarkers of white matter injury in pre-term infants
� Preterm erythropoietin neuroprotection trial
� Translational investigations on pain neural circuit formation, pain perception, and pain processing in preterm infants
� Basic science studies on inflammatory signal transduction in maternal–placental–fetal axis and encephalopathy of

prematurity
� Mechanisms of lifelong neuroinflammation from chorioamnionitis
� Preclinical integration of cognitive and motor deficits in cerebral palsy

Hydrocephalus � Preclinical investigations on novel, nonsurgical therapies for posthemorrhagic hydrocephalus of prematurity and
hydrocephalus in preterm and term infants

� Neuroimaging and neurodevelopmental outcome in infants with posthemorrhagic hydrocephalus of prematurity
Neurodevelopment � Longitudinal study of infants with neonatal encephalopathy

� School age needs after neonatal HI
� Survey of academic performance in children with a history of neonatal encephalopathy
� Translational and basic science studies of neonatal opioid exposure and withdrawal in preterm and term infants,

including fluid, neuroimaging, and biobehavioral biomarkers of impaired neurodevelopment
Neuroimaging � MRI/DTI as a predictor of outcome following neonatal HI

� Prevalence of intracranial hemorrhage, including subpial hemorrhages
� Imaging features among neonatal patients exposed to drugs of abuse during pregnancy

Autoregulation � Autoregulation during hypothermia and rewarming
Seizures � Mechanisms of seizures during prematurity

� Susceptibility of males versus females to seizures following neonatal HI
� Optimal recording methods for detection of neonatal seizures

Abbreviations: HIE, hypoxic–ischemic encephalopathy; NICN, Neurosciences Intensive Care Nursery; HI, hypoxic–ischemic; MRI, magnetic resonance imaging;
DTI, diffusion tensor imaging.
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at their own institution. Our program’s 10-year anniversary

celebration, held in May 2019, was the inspiration for this

article and provided an opportunity for self-reflection and plan-

ning future growth of our place in this exciting field, ultimately

maximizing the potential for every child with a neurologic

concern in the perinatal period.
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