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Abstract

Many childhood neurologic conditions are first diagnosed in the perinatal period and shorten

or seriously alter the lives of affected infants. Neonatal neuropalliative care incorporates core
practices and teachings of both neurology and palliative care and is directed toward patients and
families affected by serious neurologic conditions in the antenatal and immediate newborn period.
This review outlines key considerations for neurologists hoping to provide a neuropalliative

care approach antenatally, in the neonatal intensive care unit, and around hospital discharge.

We explore 4 core domains of neuropalliative care: (1) family-centered communication, (2)
prognostication, (3) decision making, and (4) pain and symptom management. We address special
considerations in care at the end of life and in varied cultural and practice contexts.
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Introduction

Many serious childhood neurologic conditions are first diagnosed in the fetal, perinatal,
or immediate postnatal period (Table 1). Evolving diagnostic modalities have enabled
early recognition of neurologic disorders, underscoring the need for early dedicated fetal
and neonatal neurologic care. As the lives of infants with neurologic conditions are often
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shortened or seriously altered by their diagnoses, they require tailored support that bridges
the core practices and teachings of both neurology and palliative care.

Neuropalliative care “focuses on the specific needs of patients with neurologic illness and
their families, including both primary and specialist palliative care.”! The neuropalliative
care specialty applies core palliative care principles, such as effective communication,
partnership between families and the medical team, shared decision making, and pain and
symptom management, to infants with serious neurologic conditions. Although dedicated
palliative care teams often consist of physicians, nurses, social workers, psychologists,
chaplains, and others,2 neuropalliative care is best thought of as a way of providing care
rather than a classification of certain team members. Regardless of their stage of training,
neurologists can provide added benefit to their patients by being able to integrate palliative
care principles in the management of serious neurologic conditions.3

Neuropalliative care offers an extra layer of support to both families of infants with
neurologic conditions and members of the care team. Although all clinicians can apply
palliative care principles to their practices, providers with advanced training in palliative
care can facilitate difficult conversations, promote shared decision making, and manage pain
and other distressing symptoms. Additionally, tailored palliative care teams can recognize
and manage moral distress experienced by other members of the patient care team.* Given
these benefits, initiation of palliative care is appropriate as soon as a serious neurologic
condition is diagnosed, even in cases with prognostic uncertainty.2> As technological
advances have led to prompt diagnosis of serious neurologic conditions, it is often possible,
and encouraged, for neuropalliative care to be initiated prior to birth. Early contact
between neuropalliative care clinicians and families allows for the establishment of a
trusting relationship that may span an infant’s clinical course and form the basis for future
interactions between the family and health care team.

A recent statement on priorities to move neuropalliative care forward identified 9 core
palliative care skills for neurologists: identify common palliative care needs associated with
specific neurologic disorders, acquire communication skills including empathetic listening,
effectively estimate and communicate prognosis and uncertainty, master shared decision
making and support for common preference-sensitive decisions and choices, recognize and
manage caregiver distress and needs, provide basic psychosocial and spiritual support, detect
and manage different types of pain, and be aware of palliative care options of last resort.l A
formal consensus statement similarly recognized the benefit of early integration of palliative
care, the use of a multidisciplinary team, clear communication with families, and education
for professionals involved in the care of patients with progressive or devastating neurologic
disease.®

In this review, we explore these skills within the framework of 4 core domains of
neuropalliative care: (1) family-centered communication, (2) prognostication, (3) decision
making, and (4) pain and symptom management. We will address these domains across the
patient care trajectory, from antenatal to discharge.
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Family-Centered Communication

Infants with neurologic injury are typically cared for by multiple clinicians, including
neonatologists, obstetricians, neurologists, palliative care clinicians, geneticists, therapists,
and surgeons. Given the sheer number of clinicians involved in an infant’s care, timely
and accurate communication between team members and families is both challenging
and essential. Existing data suggest that lack of consensus among teams is a source of
parent distress’ and, paradoxically, that parents of infants with neurologic conditions may
feel progressively less informed throughout the course of a prolonged hospitalization,®
reinforcing the importance of regular communication. Regular interdisciplinary team
meetings can help promote consistent communication. Such meetings may include

the patient’s primary nurse, social work, members of the primary team, and relevant
subspecialists. For many families, spirituality is central to their processing of the neonatal
intensive care unit experience. Some families may find it helpful to include a spiritual
counselor in major conversations with the clinical team. This communication must be
empathetic and personalized, as families are often at different stages in their ability to
receive and process complex information.

Family culture, religion, and personal beliefs may also affect how families approach difficult
conversations and neuropalliative care decisions.® Families of neurologically complex
children come from a diverse range of cultural, ethnic, and spiritual backgrounds. Family-
centered palliative care can ensure that a family’s beliefs and associated goals of care are
honored. Individual families may also have personal preferences regarding the care of their
child separate from their larger belief system, and it is important for medical staff not to
assume a family’s requests or reactions to be strictly culture based.® Similarly, individual
families who identify with a given culture or religion may not necessarily ascribe to the
predominant belief patterns of that group. Each family should be approached as individuals
navigating their way through making challenging decisions regarding their infant’s care.

Prior work has suggested used the AMEN tool to negotiate conversations, which encourages
clinicians to (1) affirm the patient’s belief, (2) meet the family where they are, (3) educate
from their role as a clinician, and (4) assure the family of their commitment, no matter
what 10 In cases where prognosis is poor or the family maintains “hope for a miracle,”
approaching conversations with families from a place of collaboration may enable families
to be open about their wishes. Another approach to communicate medical information
amid uncertainty includes addressing “what-if” scenarios, allowing the medical team and
the family to talk through potential future scenarios that are especially worrisome to the
family.11 Such conversations may allow a family to feel heard, be open about their beliefs,
and share their worries with their medical team. Using either of these approaches, or others,
may help clinicians provide better care to their patients.

Antenatal Counseling

For many families, a neuropalliative care approach can be initiated in the antenatal
period. Antenatal counseling is especially important in cases where the infant is unlikely
to survive much beyond delivery or the infant has a congenital condition associated

with significant neurologic impairment.12 A small but increasing number of women are
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choosing to continue pregnancy in cases of known severe fetal anomalies!3-14; however,
only a minority of pregnant women whose fetuses have “uncertain, likely poor” or
“nonsurvivable” conditions receive prenatal palliative counseling.1® Families of fetuses

with serious congenital anomalies evaluated by neonatology and who additionally receive
antenatal palliative care consultation are more likely to choose a noncurative care plan rather
than aggressive therapy, when compared to those without palliative care consultation.16

The goals of antenatal neuropalliative care are to establish a clinician-patient relationship,
engage in shared goal setting for the fetus, and introduce palliative care concepts early as
part of the care plan. A clear description of the role of palliative care, including maximizing
infant quality of life, management of pain and distress, and multidisciplinary family support,
may increase a family’s receptiveness to these interventions after delivery. Establishing

a palliative care birth plan may provide some families with a sense of control.> Clear
documentation of the birth plan can promote consistency between the prenatal and postnatal
care teams.1” When approaching these conversations, it is important to realize that parents
may have varied levels of medical knowledge about their infant’s neurologic condition, even
between couples.

In the Neonatal Intensive Care Unit

The first hours after birth can be an incredibly tumultuous time for families. In cases

in which a diagnosis was known during pregnancy, an infant’s clinical status can still

vary significantly from what was anticipated prenatally. For many infants and families,

a neurologic diagnosis is not known until delivery or after birth. In hypoxic ischemic
encephalopathy, for example, pregnancy is often uncomplicated until an obstetric concern
arises that results in an urgent delivery. Parents of infants with hypoxic ischemic
encephalopathy may go through a traumatic and unexpected loss of the typical birth
experience, which may be amplified by fragmented communication.18 For both anticipated
and expected cases of newborn neurologic injury, health care teams can consider a family
conference including relevant subspeciality clinicians within the first 72 hours after neonatal
intensive care unit admission to ensure that families are informed about the potentially
complex or unexpected clinical status of their child.1? Ongoing conversations about goals of
care are essential and may take the form of both scheduled check-ins for routine updates on
an infant’s clinical course as well as family meetings at critical decision points. Engaging
families in daily rounds is a common and effective way to improve communication and
reduce the risk of inconsistent information from different team members.

Clinicians should be aware of several common barriers to effective communication in

the neonatal intensive care unit. A family’s understanding of their infant’s condition

may vary depending on their baseline medical knowledge, what information they have
received previously, anxiety, and past experiences with loss.> Clinicians can assess parent
understanding, and revisit previously shared information if relevant. Additionally, families
and clinicians may focus on different key issues when discussing prognosis and goals of
care; clinicians are more likely to focus on neurodevelopmental outcomes, whereas parents
are more likely to be concerned about survival.20 Eliciting family members’ concerns and
values during goals of care conversations will allow clinicians to more effectively partner
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with parents, or guardians, and aim for what matters to them. Clinicians often share medical
information with only 1 family member, placing a burden on them to communicate clinical
information to the rest of the family.18 It is important for clinicians to strive to include

key family members and support people in recurring care meetings to alleviate this burden.
Logistical barriers to effective communication may also exist, including parents or guardians
who are unable to frequently be present at the infant’s bedside. In such situations, it is
important for the care team to communicate daily with the family, keeping them abreast

of the infant’s day-to-day clinical status. Video or telephone conferencing with the larger
care team can be considered with any major change in clinical status or before any major
procedures. Lastly, clinical providers can work in tandem with hospital social workers

to identify and try to eliminate existing barriers to parents being present in the neonatal
intensive care unit.

Further etiquette for effective communication from families of infants in the neonatal
intensive care unit include team members introducing themselves and their role, addressing
infants by the family’s preferred name rather than diagnosis, adjusting language and
information to meet family preferences, and acknowledging family members’ roles in caring
for their loved one.?! It is worth noting that many families feel that the bedside nurse, who is
often longitudinally involved in their infant’s care, is their primary source of information.18
This highlights both the importance of including nursing in care meetings and the benefit

of longitudinal relationships in an environment in which other clinicians rotate on and off
the unit. Neurology teams can consider a longitudinal attending model to enhance continuity
with the families of infants with neurologic conditions in the neonatal intensive care unit.

Approaching Discharge

At the time of discharge, clinicians may focus conversations about an infant’s care on
resolving any remaining questions or concerns, readying parents, or guardians, to take an
active caretaker role, elucidating parental goals for after discharge, and solidifying plans for
outpatient follow-up. Parents may have concerns related to caring for their child, how their
child will fit in with older siblings, balancing caretaking with employment, and financial
strain.” Contingency planning for some families will depend on whether their primary goal
is for their child to have as long a life as possible or for their child to spend more time

with family and avoid repeat trips to the hospital. Coordination of follow-up care with

local multidisciplinary high-risk infant clinics and/or pediatric palliative/hospice services

is essential at discharge. Teams can prioritize making follow-up appointments prior to
discharge, to reduce the burden of scheduling on families. If this is not possible, teams can
provide families with clear instructions on how to schedule the necessary follow-up care for
their child and assist in arranging these appointments. Given the high potential for ongoing
care needs following discharge, neurologists are uniquely positioned to remain involved in
an infant’s care longitudinally. As many families’ goals will evolve as their child grows, it
is critical for neurologists to revisit key clinical information and goals of care in follow-up
visits.
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Prognostication

Prognostic uncertainty exists for many infants with neurologic conditions due to unknown
timing or cause of neurologic injury, the lack of a definitive biomarker for injury severity,22
and the difficulty of translating population-level estimates into individual risk.23 Infants’
clinical examinations often evolve over time, making it a challenge to predict outcomes
based on a single physical examination.24 Waiting for a clear clinical picture to emerge

is often impractical. Many cases of neurologic injury have uncertain timelines, with

clinical symptoms potentially presenting over a wide time period. Clinicians can proactively
incorporate a neuropalliative care approach into the care of infants, thereby providing more
holistic care for the child and adding an extra layer of support for families and clinicians.2
This approach might involve normalizing prognostic uncertainty, being open about the
limitations of diagnostic tests, and helping families manage the effects of uncertainty on
their ability to live in the present.23 Clinicians who frequently discuss neurologic prognosis
with families can assess their communication practices by focusing on the principles of
reflection, humility, open-mindedness, partnership, and engagement.25:26

Antenatal Diagnoses

Neurologic diagnoses often become apparent at the fetal anatomy screen between 18 and 22
weeks’ gestation.2” Common conditions that can be identified via prenatal imaging include
brain and spine malformations and antenatal brain injury. These diagnoses can be further
characterized with prenatal magnetic resonance imaging (MRI) and genetic screening, which
can include cell-free DNA testing, chorionic villus sampling, and/or amniocentesis.28:2
Information about diagnosis and prognosis may guide families as they approach high-stakes
decisions in the antenatal period. Such decisions might include further genetic screening or
diagnosis, consultation with other specialists such as neurosurgery, birth location, intensive
care interventions, or limitations of resuscitation. In these cases, neurologists with training
in fetal neurology can help patients by communicating key information about prognosis and
prognostic uncertainty. When possible, these conversations should include members of the
neonatology team and perinatal palliative care clinicians.

In the Neonatal Intensive Care Unit

Prognostication in the neonatal intensive care unit can be informed by clinical evaluations
and a variety of diagnostic tests. Common conditions diagnosed at birth or in the

neonatal intensive care unit include hypoxic ischemic encephalopathy, perinatal arterial
ischemic stroke, neuromuscular conditions, inborn errors of metabolism, intraventricular
hemorrhage, and periventricular leukomalacia. Brain imaging, electroencephalo-graphic
(EEG) background, and infant examinations are key sources of data used to guide
prognostication. For neurologic conditions concerning for an underlying genetic anomaly,
genetic testing is increasingly available to families. Despite the increasing yield of genetic
testing, results are often inconclusive, lead to a diagnosis with unclear prognosis, or, in
some settings, have turnaround times that are prohibitive to inclusion in real-time decision
making.2 Previous work has found that uncertainty about long-term outcomes is a source
of both acute and long-term distress for families of children with neonatal seizures and
hypoxic ischemic encephalopathy.”-30 Clinicians can decrease distress about uncertainty

J Child Neurol. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rent et al.

Page 7

by discussing what outcomes are possible using a best case, worst case, and most likely
approach.31

Approaching Discharge

Prognostic uncertainty remains a cause of distress for families after discharge, with

many parents experiencing recurrent grief as their children do not meet developmental
milestones.30 Many families leave the neonatal intensive care unit with unanswered
questions and/or unmet communication needs. Prior to discharge, families benefit from
meeting proactively with the medical team to review the neonatal course, discuss prognosis,
and establish a follow-up plan. Although prognostic uncertainty is inherent to neonatal
neurology care, an infant’s developmental trajectory typically becomes increasingly clear
over time. Neurologists should revisit prognosis in follow-up clinic as prognostic uncertainty
decreases.

Decision Making

For infants with complex neurologic conditions, a shared decision-making approach is
preferred for preference-sensitive decisions.18:32 A neuropalliative care approach to these
decisions includes helping families understand prognosis, envision life after discharge,

and clarify their values. Previous work has shown that families often prioritize religious

or spiritual beliefs rather than morbidity or mortality predictions when making high-

stakes decisions.33 Therefore, a multidisciplinary approach that includes neurologists,
neonatologists, palliative care clinicians, chaplains, and social workers is helpful in ensuring
that family values and preferences are honored in all decisions made.34

Decisions Made Antenatally, in the Neonatal Intensive Care Unit, and Around Discharge

High-stakes decisions are made throughout an infant’s clinical course. In the antenatal
period, shared decision making focuses on development of a birth plan for infants with life-
limiting or life-altering neurologic conditions. Such a plan will often include the location
of birth as well as resuscitation measures. Some antenatal decision making will require
balancing fetal and maternal risks. For example, fetal repair of myelomeningocele can be
accompanied with increased risk of maternal complications.3® In the neonatal intensive
care unit, parents and guardians are faced with a variety of complex decisions including
intensive care interventions and choices related to surgical procedures. Of note, pursuing
some standard of care treatments, such as therapeutic hypothermia in the setting of hypoxic
ischemic encephalopathy, may be viewed as a choice by families.”-36 As infants approach
discharge, a shared decision-making approach can help families make choices about home
health services, discharge with hospice care or discharge to an inpatient long-term care
facility. After discharge, families may face decisions regarding readmission to the hospital,
the need for additional therapeutic or surgical procedures, or limitations of resuscitation.
Neurologists will often follow patients longitudinally and should be aware of shifting and
evolving family’s goals as parents learn more about caring for their child with significant
medical needs and infants develop relationships with their families and communities.
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The Decision to Withdraw Life-Sustaining Interventions

For some infants with severe neurologic conditions, families may face decisions regarding
the provision, withholding, or withdrawal of life-sustaining treatments. These decisions
are challenging for families and clinicians and may differ in important ways from similar
decisions made for older children or adults.3” For example, parents and clinicians are more
likely to transition to care focused on comfort for infants at risk of life-long disability than
they are for older children with a preexisting disability.38 Typically, decisions regarding
life-sustaining treatment are made by considering an infant’s long-term prognosis and
anticipated quality of life.38-40 The majority of deaths in the neonatal intensive care unit,
including among infants with severe neurologic injury,*1:42 occur after withdrawal of life-
sustaining interventions in otherwise physiologically stable infants,243 with many of these
infants dying in their parents’ arms following extubation.38

When a decision is made to withdraw life-sustaining interventions, clinicians can support
the family in many important ways. Clinicians may openly discuss uncertainty around
the timing of an infant’s death after withdrawal of life-sustaining interventions with
families. Clinicians can inquire about death-related rituals that are important to families
culturally, spiritually, or in their personal belief systems, while realizing that families
may not have firm ideas about what they want or what to ask for within these difficult
situations.® Clinicians can also support families in memory-making options, such as
heartbeat recordings, footprints, and photographs. Finally, it is often helpful and comforting
for families if clinicians are available to offer ongoing support at the time of death. Along
with the death of their child, families also experience grief related to loss of the parental
role, the neonatal intensive care unit support network they have developed, and the future
they had imagined for their family.** The interdisciplinary nature of palliative care teams,
which typically include clinicians, chaplains, and social workers, can support both the
family and clinical team around death and dying.

Pain and Symptom Management

Neuropalliative care teams play a key role in the management of pain and other symptoms
in order to promote infant comfort and reduce parental distress.1” Previous work has shown
that pain has a negative impact on motor, cognitive, and neurodevelopmental outcomes in

all infants*>46 and on growth in preterm infants.#” Neuropalliative care clinicians should
pursue the reduction of infant pain through a wide range of interventions, from minimizing
painful procedures to nonpharmacologic and pharmacologic treatments. An interdisciplinary
approach, with input from neonatology, neurology, and palliative care teams, is helpful in
balancing symptom management and medication side effects.

In the Neonatal Intensive Care Unit

Control of infant pain and irritability is a top priority for neuropalliative care teams. Infants
with neurologic conditions are at risk for underrecognition of pain and irritability? due

in part to scales that assess infant pain relying on changes in behavior that may not be
visible in infants with significant impairment.#8-51 Existing data suggest that this problem
may be compounded by a belief among clinicians that infants with neurologic conditions
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experience less pain than infants without neurologic conditions.>2 Infant pain can be
addressed with several pharmacologic and nonpharmacologic strategies (Table 2). When
possible, nonpharmacologic measures such as caregiver presence, nonnutritive sucking,
swaddling, facilitated-tucking, rocking, and holding can be prioritized.>3:>4 Unexplained
irritability is another common and difficult-to-manage finding in infants with neurologic
conditions. In addition to nonpharmacologic strategies, gabapentin may be useful in these
cases to decrease reliance on opioids and benzodiazepines and improve feeding tolerance.5®

Infants with neurologic disorders may have symptom management needs related to
secretions, seizures, medication withdrawal, sleep disruption, and shivering in the setting
of therapeutic hypothermia. Management of these signs may be complicated by medication
interactions, side effects, development of tolerance, and altered pharmacokinetics in the
setting of therapeutic hypothermia or extracorporeal membrane oxygenation. Common
management strategies for these symptoms are shown in Table 2. When secretions are

not adequately managed by anticholinergic medications, botulinum toxin injection into the
salivary gland,>® salivary duct ligation, or excision of the salivary gland are second-line
options.

Approaching Discharge

As discharge nears, clinicians should focus on preparing parents and families to

oversee their infant’s pharmacologic treatments. This includes education on dosing and
administration, monitoring for common side effects as well as signs of medication toxicity.
As measurement of drug levels will be less frequent in the outpatient setting, it is important
that dosing regimens are safe and effective, especially in cases of polypharmacy. An infant’s
dosing may change rapidly throughout the first year of life owing to weight gain and
evolving symptoms, and the outpatient clinician who takes over medication management
needs to be prepared to update regimens accordingly.

At the End of Life

When infant death is imminent, either due to the expected evolution of an extremely severe
neurologic disorder or a decision to withhold or withdraw life-sustaining interventions,
treatment should minimize suffering and maximize comfort while spending time with the
family. In such cases, providing nonnutritive feedings or noninvasive oxygen support can
allow for memory making and bonding. Opioids and benzodiazepines should be readily
available in these situations to minimize infant pain and distress. It is important that
neuropalliative care clinicians counsel families about what end-of-life may look like in
their child, including the possibility of seizures accompanied by myoclonus, gasping, or
apnea. Clinicians can reassure families that individualized care will be provided, considering
that multiple nonpharmacologic and pharmacologic interventions are available to address
end-of-life needs.

Conclusion

Neonatal neuropalliative care is an emerging field that provides tailored support to infants,
families, and clinicians impacted by serious fetal and neonatal neurologic conditions. Four
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core domains of neuropalliative care are family-centered communication, prognostication,
decision making, and pain and symptom management. Frequent and consistent family-
centered communication is important, with discussions around prognostication focusing on
acknowledging and reducing uncertainty, which is a reality of care and cause of distress for
many families. Clinicians should engage in shared decision-making with families, working
to elicit and clarify parent values while also recognizing that some decisions are made

and remade over a child’s lifetime. Finally, clinicians need to be familiar with unique
symptom control strategies used to manage pain, irritability, secretions, seizures, withdrawal,
and sleep disruption in infants with neurologic conditions. With ongoing technological
advancements in life-sustaining interventions for critically ill infants, the need for neonatal
neuropalliative care will continue to expand. A neuropalliative care approach can help
clinicians provide longitudinal, tailored support for infants with neurologic conditions and
their families.

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication
of this article: MEL receives salary support from the National Institute of Neurological Disorders and Stroke.
Dr CH receives support for research from the National Institute of Child Health and Human Development (NIH-
HHSN2752010000031).

References

1. Creutzfeldt CJ, Kluger B, Kelly AG, et al. Neuropalliative care: priorities to move the field forward.
Neurology. 2018;91(5):217-226. doi:10.1212/wnl.0000000000005916 [PubMed: 29950434]

2. Lemmon ME, Bidegain M, Boss RD. Palliative care in neonatal neurology: robust support
for infants, families and clinicians. J Perinatol. 2016;36(5):331-337. doi:10.1038/jp.2015.188
[PubMed: 26658120]

3. Creutzfeldt CJ, Robinson MT, Holloway RG. Neurologists as primary palliative care providers:
communication and practice approaches. Neurol Clin Pract. 2016;6(1):40-48. doi:10.1212/
€pj.0000000000000213 [PubMed: 26918202]

4. Rushton CH, Kaszniak AW, Halifax JS. Addressing moral distress: application of a framework
to palliative care practice. J Palliat Med. 2013;16(9):1080-1088. doi:10.1089/jpm.2013.0105
[PubMed: 23930918]

5. Kenner C, Press J, Ryan D. Recommendations for palliative and bereavement care in the
NICU: a family-centered integrative approach. J Perinatol. 2015;35(Suppl 1):S19-S23. doi:10.1038/
jp.2015.145 [PubMed: 26597801]

6. Oliver DJ, Borasio GD, Caraceni A, et al. A consensus review on the development of palliative
care for patients with chronic and progressive neurological disease. Eur J Neurol. 2016;23(1):30-38.
doi:10.1111/ene.12889 [PubMed: 26423203]

7. Lemmon M, Glass H, Shellhaas RA, et al. Parent experience of caring for neonates with seizures.
Arch Dis Child Fetal Neonatal Ed. 2020; 105:634-639. doi:10.1136/archdischild-2019-318612
[PubMed: 32503792]

8. Nelson JE, Mercado AF, Camhi SL, et al. Communication about chronic critical illness. Arch Intern
Med. 2007;167(22):2509-2515. doi:10.1001/archinte.167.22.2509 [PubMed: 18071175]

9. O’Brien K, Robson K, Bracht M, et al. Effectiveness of family integrated care in neonatal
intensive care units on infant and parent outcomes: a multicentre, multinational, cluster-
randomised controlled trial. Lancet Child Adolesc Health. 2018;2(4):245-254. doi:10.1016/
S$2352-4642(18)30039-7 [PubMed: 30169298]

10. Cooper RS, Ferguson A, Bodurtha JN, Smith TJ. Amen in challenging conversations: bridging

the gaps between faith, hope, and medicine. J Oncol Pract. 2014;10(4):e191-e195. doi:10.1200/
jop.2014.001375 [PubMed: 24803663]

J Child Neurol. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rent et al.

Page 11

11. Snaman JM, Feraco AM, Wolfe J, Baker JN. “What if?”: addressing uncertainty with families.
Pediatr Blood Cancer. 2019;66(6): e27699. doi:10.1002/pbc.27699 [PubMed: 30848085]

12. Sumner LH, Kavanaugh K, Moro T. Extending palliative care into pregnancy and the immediate
newborn period: state of the practice of perinatal palliative care. J Perinat Neonatal Nurs.
2006;20-(1):113-116. doi:10.1097/00005237-200601000-00032 [PubMed: 16508478]

13. Madeuf A, Roman H, Verspyck E. Continuation of pregnancy despite a diagnosis of severe
fetal anomaly: a retrospective French study. Acta Obstet Gynecol Scand. 2016;95(8):934-940.
doi:10.1111/a0gs.12906 [PubMed: 27061422]

14. Hostalery L, Tosello B. Outcomes in continuing pregnancies diagnosed with a severe fetal
abnormality and implication of antenatal neonatology consultation: a 10-year retrospective
study. Fetal Pediatr Pathol. 2017;36(3):203-212. doi:10.1080/15513815.2017.1296519 [PubMed:
28332892]

15. Kukora S, Gollehon N, Laventhal N. Antenatal palliative care consultation: implications for
decision-making and perinatal outcomes in a single-centre experience. Arch Dis Child Fetal
Neonatal Ed. 2017;102(1):F12-F16. doi:10.1136/archdischild-2016-311027 [PubMed: 27638112]

16. Kukora SK, Boss RD. Values-based shared decision-making in the antenatal period. Semin Fetal
Neonatal Med. 2018;23(1):17-24. doi:10.1016/j.siny.2017.09.003 [PubMed: 28917833]

17. Bidegain M, Younge N. Comfort care vs palliative care: is there a difference in neonates? Review.
Neoreviews. 2015;16(e333):333-339. doi:10.1542/neo.16-6-e333

18. Lemmon ME, Donohue PK, Parkinson C, Northington FJ, Boss RD. Communication challenges
in neonatal encephalopathy. Pediatrics. 2016;138(3) €20161234. doi:10.1542/peds.2016-1234
[PubMed: 27489296]

19. Lilly CM, Sonna LA, Haley KJ, Massaro AF. Intensive communication: four-year
follow-up from a clinical practice study. Crit Care Med. 2003;31(Suppl 5):S394-S399.
doi:10.1097/01.Ccm.0000065279.77449.B4 [PubMed: 12771590]

20. Lemmon ME, Huffstetler H, Barks MC, et al. Neurologic outcome after prematurity: perspectives
of parents and clinicians. Pediatrics. 2019;144(1) e20183819. doi:10.1542/peds.2018-3819
[PubMed: 31248939]

21. Janvier A, Lantos J, Investigators P. Ethics and etiquette in neonatal intensive care. JAMA Pediatr.
2014;168(9):857-858. doi:10.1001/jamapediatrics.2014.527 [PubMed: 25070167]

22. Ferriero DM, Bonifacio SL. The search continues for the elusive biomarkers of neonatal brain
injury. J Pediatr. 2014;164(3):438-440. doi:10.1016/j.jpeds.2013.11.042 [PubMed: 24388328]

23. Smith AK, White DB, Arnold RM. Uncertainty--the other side of prognosis. N Engl J Med.
2013;368(26):2448-2450. doi:10.1056/NEJMp1303295 [PubMed: 23802514]

24. Bonifacio SL, deVries LS, Groenendaal F. Impact of hypothermia on predictors of poor outcome:
how do we decide to redirect care? Semin Fetal Neonatal Med. 2015;20(2):122-127. doi:10.1016/
J.siny.2014.12.011 [PubMed: 25577654]

25. Bracken-Roche D, Shevell M, Racine E. Understanding and addressing barriers to communication
in the context of neonatal neurologic injury: exploring the ouR-HOPE approach. Handb Clin
Neurol. 2019;162:511-528. do0i:10.1016/B978-0-444-64029-1.00024-2 [PubMed: 31324327]

26. Racine E, Bell E, Farlow B, et al. The ‘ouR-HOPE’ approach for ethics and communication
about neonatal neurological injury. Dev Med Child Neurol. 2017;59(2):125-135. doi:10.1111/
dmcn.13343 [PubMed: 27915463]

27. Timor-Tritsch IE, Fuchs KM, Monteagudo A, D’Alton ME. Performing a fetal anatomy scan
at the time of first-trimester screening. Obstet Gynecol. 2009;113(2 Pt 1):402-407. doi:10.1097/
AOG.0b013e3181954b23 [PubMed: 19155913]

28. Gil MM, Quezada MS, Revello R, Akolekar R, Nicolaides KH. Analysis of cell-free DNA in
maternal blood in screening for fetal aneuploidies: updated meta-analysis. Ultrasound Obstet
Gynecol. 2015;45(3):249-266. doi:10.1002/uog.14791 [PubMed: 25639627]

29. Norwitz ER, Levy B. Noninvasive prenatal testing: the future is now. Rev Obstet Gynecol.
2013;6(2):48-62. [PubMed: 24466384]

30. Lemmon ME, Donohue PK, Parkinson C, Northington FJ, Boss RD. Parent experience of neonatal
encephalopathy. J Child Neurol. 2017;32(3):286-292. doi:10.1177/0883073816680747 [PubMed:
27932597]

J Child Neurol. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rent et al.

Page 12

31. Taylor LJ, Nabozny MJ, Steffens NM, et al. A framework to improve surgeon communication
in high-stakes surgical decisions: best case/worst case. JAMA Surg. 2017;152(6):531-538.
doi:10.1001/jamasurg.2016.5674 [PubMed: 28146230]

32. Peerzada JM, Richardson DK, Burns JP. Delivery room decision-making at the threshold of
viability. J Pediatr. 2004;145(4):492-498. doi:10.1016/j.jpeds.2004.06.018 [PubMed: 15480373]

33. Boss RD, Hutton N, Sulpar LJ, West AM, Donohue PK. Values parents apply to decision-making
regarding delivery room resuscitation for high-risk newborns. Pediatrics. 2008;122(3):583-589.
doi:10.1542/peds.2007-1972 [PubMed: 18762529]

34. Younge N, Smith PB, Goldberg RN, et al. Impact of a palliative care program on end-of-life
care in a neonatal intensive care unit. J Perinatol. 2015;35(3):218-222. doi:10.1038/jp.2014.193
[PubMed: 25341195]

35. Adzick NS, Thom EA, Spong CY, et al. A randomized trial of prenatal versus postnatal repair
of myelomeningocele. N Engl J Med. 2011;364(11):993-1004. doi:10.1056/NEJM0a1014379
[PubMed: 21306277]

36. Craig AK, Gerwin R, Bainter J, Evans S, James C. Exploring parent experience of communication
about therapeutic hypothermia in the neonatal intensive care unit. Adv Neonatal Care.
2018;18(2):136-143. doi:10.1097/ANC.0000000000000473 [PubMed: 29595551]

37. Janvier A, Bauer KL, Lantos JD. Are newborns morally different from older children? Theor Med
Bioeth. 2007;28(5):413-425. d0i:10.1007/s11017-007-9052-y [PubMed: 17985104]

38. Fontana MS, Farrell C, Gauvin F, Lacroix J, Janvier A. Modes of death in pediatrics: differences
in the ethical approach in neonatal and pediatric patients. J Pediatr. 2013;162(6):1107-1111.
doi:10.1016/j.jpeds.2012.12.008 [PubMed: 23312685]

39. Brecht M, Wilkinson DJ. The outcome of treatment limitation discussions in newborns
with brain injury. Arch Dis Child Fetal Neonatal Ed. 2015;100(2):F155-F160. doi:10.1136/
archdischild-2014-307399 [PubMed: 25477313]

40. Weiner J, Sharma J, Lantos J, Kilbride H. How infants die in the neonatal intensive care unit:
trends from 1999 through 2008. Arch Pediatr Adolesc Med. 2011;165(7):630-634. doi:10.1001/
archpediatrics.2011.102 [PubMed: 21727274]

41. Lemmon ME, Boss RD, Bonifacio SL, Foster-Barber A, Barkovich AJ, Glass HC. Characterization
of death in neonatal encephalopathy in the hypothermia era. J Child Neurol. 2017;32-(4):360-365.
doi:10.1177/0883073816681904 [PubMed: 28193115]

42. Natarajan G, Mathur A, Zaniletti I, et al. Withdrawal of life-support in neonatal hypoxic-
ischemic encephalopathy. Pediatr Neurol. 2019;91:20-26. doi:10.1016/j.pediatrneurol.2018.08.027
[PubMed: 30559002]

43. Lemmon ME, Bonifacio SL, Shellhaas RA, et al. Characterization of death in infants with neonatal
seizures. Pediatr Neurol. 2020;113:21-25. doi:10.1016/j.pediatrneurol.2020.08.002 [PubMed:
32980743]

44. Dyer KA. Identifying, understanding, and working with grieving parents in the NICU, part I:
identifying and understanding loss and the grief response. Neonatal Netw. 2005;24(3):35-46.
doi:10.1891/0730-0832.24.3.35 [PubMed: 15960010]

45. Montirosso R, Del Prete A, Bellu R, Tronick E, Borgatti R. Level of NICU quality of
developmental care and neurobehavioral performance in very preterm infants. Pediatrics.
2012;129(5):€1129-e1137. doi:10.1542/peds.2011-0813 [PubMed: 22492762]

46. Vinall J, Grunau RE. Impact of repeated procedural pain-related stress in infants born very preterm.
Pediatr Res. 2014;75(5):584-587. doi:10.1038/pr.2014.16 [PubMed: 24500615]

47. Vinall J, Miller SP, Chau V, Brummelte S, Synnes AR, Grunau RE. Neonatal pain in relation
to postnatal growth in infants born very preterm. Pain. 2012;153(7):1374-1381. doi:10.1016/
j.pain.2012.02.007 [PubMed: 22704600]

48. Stevens BJ, Gibbins S, Yamada J, et al. The premature infant pain profile-revised (PIPP-R): initial
validation and feasibility. Clin J Pain. 2014;30(3):238-243. d0i:10.1097/AJP.0b013e3182906aed
[PubMed: 24503979]

49. van Dijk M, de Boer JB, Koot HM, Tibboel D, Passchier J, Duivenvoorden HJ. The reliability and
validity of the COMFORT scale as a postoperative pain instrument in 0 to 3-year-old infants. Pain.
2000;84(2-3):367-377. doi:10.1016/s0304-3959(99)00239-0 [PubMed: 10666543]

J Child Neurol. Author manuscript; available in PMC 2022 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rent et al.

50.

51.

52.

53.

54.

55.

56.

Page 13

Holsti L, Grunau RE. Initial validation of the behavioral indicators of infant pain (BIIP). Pain.
2007;132(3):264-272. doi:10.1016/j.pain.2007.01.033 [PubMed: 17382473]

Hummel P, Lawlor-Klean P, Weiss MG. Validity and reliability of the N-PASS assessment tool
with acute pain. J Perinatol. 2010;30(7):474-478. doi:10.1038/jp.2009.185 [PubMed: 19924132]

Breau LM, McGrath PJ, Stevens B, et al. Judgments of pain in the neonatal intensive care setting: a
survey of direct care staffs’ perceptions of pain in infants at risk for neurological impairment. Clin
J Pain. 2006;22(2):122-129. d0i:10.1097/01.ajp.0000154045.45402.ec [PubMed: 16428945]
Riddell RR P, Racine NM, Gennis HG, et al. Non-pharmacological management of infant

and young child procedural pain. Cochrane Database Syst Rev. 2015;2015(12):CD006275.
d0i:10.1002/14651858.CD006275.pub3

Bucsea O, Pillai Riddell R. Non-pharmacological pain management in the neonatal intensive

care unit; managing neonatal pain without drugs. Semin Fetal Neonatal Med. 2019;24(4):101017.
d0i:10.1016/j.siny.2019.05.009 [PubMed: 31326301]

Edwards L, DeMeo S, Hornik CD, et al. Gabapentin use in the neonatal intensive care unit. J
Pediatr. 2016;169:310-312. doi:10.1016/j.jpeds.2015.10.013 [PubMed: 26578075]

Hockstein NG, Samadi DS, Gendron K, Handler SD. Sialorrhea: a management challenge. Am
Fam Physician. 2004;69(11):2628-2634. [PubMed: 15202698]

J Child Neurol. Author manuscript; available in PMC 2022 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rent et al.

Page 14

Table 1.
Key Considerations Across the Care Trajectory

Timeperiod Common diagnos&s’sl Considerations

Antenatal Hydranencephaly Holoprosencephaly Prognostication relies on fetal imaging, genetic testing, and placental factors
Congenital hydrocephalus Decision making may require a balance of fetal and maternal risks
Myelomeningocele Encephalocele

Postnatal Intraventricular hemorrhage Post- Prognostication relies on neuroimaging, electroencephalography, genetic testing,
hemorrhagic hydrocephalus Hypoxic and infant examination Decisions are often remade and revisited over time;
ischemic encephalopathy Neuromuscular clinicians should revisit prognosis and parent values longitudinally Infants are at

conditions Perinatal arterial ischemic stroke  increased risk for underrecognition of pain and irritability
Neonatal epileptic encephalopathy

a - . . o . "
Many conditions that present antenatally can also present in the postnatal period. Similarly, some common neurologic conditions of the newborn

can present antenatally.
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