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Abstract

Leukodystrophies are a group of neurodegenerative genetic disorders that affect approximately | in 7500 individuals. Despite
therapeutic progress in individual leukodystrophies, guidelines in neurologic care are sparse and consensus among physicians and
caregivers remains a challenge. At patient advocacy meetings hosted by Hunter’s Hope from 2016-2018, multidisciplinary experts
and caregivers met to conduct a literature review, identify knowledge gaps and summarize best practices regarding neurologic
care. Stages of severity in leukodystrophies guided recommendations to address different levels of need based on a newly defined
system of disease severity. Four core neurologic domains prioritized by families were identified and became the focus of this
guideline: sleep, pain, seizures/epilepsy, and language/cognition. Based on clinical severity, the following categories were used:
presymptomatic, early symptomatic, intermediate symptomatic, and advanced symptomatic. Across the leukodystrophies, neu-
rologic care should be tailored to stages of severity while accounting for unique aspects of every disease and multiple knowledge
gaps present. Standardized tools and surveys can help guide treatment but should not overburden families.
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Leukodystrophies are a heterogeneous group of genetic
disorders that affect the white matter of the central nervous
system with or without peripheral nervous system involvement.
This does not include acquired central nervous system myelin
disorders, such as multiple sclerosis and related acquired cen-
tral nervous system demyelinating processes.' In 2015, Van-
derver et al' classified more than 30 diseases as
leukodystrophies and more than 61 as genetic leukoencephalo-
pathies. This operational definition was used:

Leukodystrophies are heritable disorders affecting the white matter
of the central nervous system with or without peripheral nervous
system involvement. These disorders have in common glial cell or
myelin sheath abnormalities. Where known, neuropathology is
primarily characterized by the involvement of oligodendrocytes,
astrocytes and other non-neuronal cell types, although in many
disorders the mechanism of disease remains unknown, and in other
cases is suspected to include significant axonal pathology.”"

Approximately 1 in 7500 individuals®* are affected with
leukodystrophies, many of which are neurodegenerative. While
there are many differences between individual leukodystrophies,
there are core commonalities in the neurologic care required for
children affected by these diseases. A focus on these neurologic
symptoms may improve quality of life and help direct future
research for children and families living with a leukodystrophy.

A knowledgeable medical team can proactively anticipate
potential complications, limit such complications when possi-
ble, and provide families with appropriate anticipatory gui-
dance. Medical providers should partner with families as soon
as feasible to provide family- and patient-centered care. While
caring for a child with a leukodystrophy, one is challenged by the
lack of scientific evidence available to guide clinical care for
these complicated diseases. Preventative and symptomatic care
guidelines for patients with leukodystrophies were first pub-
lished in 2015 as an effort from the Global Leukodystrophy
Initiative (GLIA) Consortium, and an updated consensus state-
ment was published in 2018.>° The intent of the current guide-
lines are to focus more specifically on neurologic symptom
management in leukodystrophies in relation to the stage of dis-
ease. We brought together a team of multidisciplinary experts
and caregivers in the USA to identify best practices but also
knowledge gaps that need to be addressed by future studies.

Methods

Hunters Hope (https://www.huntershope.org/) is a patient advocacy
group representing families of various leukodystrophies. In partner-
ship with other organizations, they created the Leukodystrophy Care
Network. Part of the organization’s goals were to link Leukodystrophy
Centers across the USA and encourage the development of care guide-
lines for these centers but also serve as a reference for other medical
practitioners caring for patients with leukodystrophies. At the 2016,
2017, and 2018 Hunter’s Hope Annual Meetings, a group of 10-15
interdisciplinary care providers and 5 family advocates with personal
experience in the leukodystrophies met. The medical providers
involved were all members of leukodystrophy-focused programs at

major hospitals throughout the United States. The family advocates
represented children with X-linked adrenoleukodystrophy (X-ALD),
Krabbe disease, and metachromatic leukodystrophy. The group colla-
borated to focus on neurologic care to create the guidelines presented
here. Patient/family surveys established a list of clinical symptoms of
concern and from among these, chose 4 core neurologic symptoms of
highest priority: sleep, pain, seizures/epilepsy, and language/cogni-
tion. We further defined stages of severity in leukodystrophies to
guide appropriate recommendations at different levels of need and
to find commonalities among a variety of genetic conditions.

The recommendations discussed in this section are based on estab-
lished guidelines, a systematic literature review, and multidisciplinary
expert and caretaker opinions. Our literature review was conducted
using both PubMed and the Cumulative Index to Nursing and Allied
Health Literature (CINAHL), with search terms specific to each symp-
tom category, as outlined below. Shortcomings and gaps in the liter-
ature were summarized (Table 1). No specific date range exclusions
were used in our search, but the majority of our references were within
the last 20 years, with the oldest article being from 1979.

For sleep symptoms, we used the key terms leukodystrophy and
sleep, followed by sleep along with the individual names of more
common leukodystrophies (X-linked adrenoleukodystrophy,
metachromatic leukodystrophy, Krabbe, Pelizacus-Merzbacher
disease, and Alexander disease). Many of the resulting articles
focused on adult-onset leukodystrophies, but were included
because of the lack of literature specific to pediatric populations.

For symptoms related to pain, we used the key terms pain,
assessment, pharmacological, nonpharmacological, inter-
ventions, management, chronic medical illness, cognitive/
neurologic impairment, leukodystrophy, spasticity, gabapen-
tin, and palliative care.

For seizures/epilepsy in the leukodystrophies, we individually
combined the search term seizures along with the individual
names of more common leukodystrophies (X-linked adreno-
leukodystrophy, metachromatic leukodystrophy, Krabbe,
Pelizaeus-Merzbacher disease, and Alexander disease).

For cognition and language impairment in the leukodystrophies,
we used the key terms leukodystrophy, cognition, language,
neuropsychological evaluation, and development. Most of
the available literature reviewed for cognition and language
impairment involved children with metachromatic leukody-
strophy and X-linked adrenoleukodystrophy.

Recommendations based only on the personal experience of leuko-
dystrophy family members have been included in some areas and are
identified as such when they occur and are summarized in Table 2. Best
practices were arrived at through multidisciplinary expert opinion and
iterative group discussions. Where leukodystrophy-specific literature
was lacking, published data from other neurologic diseases with similar
symptomology was adopted. This again prompted addition of items to a
table on knowledge gaps in the field (Table 1). Before finalizing our
guidelines, we presented our findings to a group of parents, caregivers,
and other leukodystrophy medical providers, who reviewed our recom-
mendations and added specific experiences and context.

Multidisciplinary Team

Children living with a leukodystrophy often have marked
medical needs that require a multidisciplinary team. Multi-
disciplinary care is considered to be the gold standard model
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Table I. Summary of Knowledge Gaps for Neurologic Care in the
Leukodystrophies Knowledge Gaps in Neurologic Care for the
Leukodystrophies.

Lack of systematic research on treatment of neurologic symptoms
Potential floor effects of screening and assessment tools

Lack of literature specific to pediatric leukodystrophies

Relative lack of literature on leukodystrophy-specific symptomatology
Lack of data on multidisciplinary care in the leukodystrophies

Lack of data on reliability of proposed tools in this population

of care for many neuromuscular and neurodegenerative dis-
eases such as Duchenne muscular dystrophy (DMD) and
amyotrophic lateral sclerosis (ALS), particularly those that
are progressive and profoundly debilitating.”'" Studies have
shown that both quality of life and survival are better for
these patients treated in multidisciplinary clinics than in iso-
lated clinics. Because of the rare nature of these diseases,
children usually do not have a leukodystrophy expert close
to home. As a result, many children either have no leukody-
strophy experts on their medical team or have to travel great
distances to an academic medical center that house specialty
clinics, for example. This is all in addition to their local team
of medical providers. Children who require daily nursing,
therapies, and accommodations in school have additional
needs with further layers of providers and caregivers.

In order to enhance patient quality of life for as long as
possible, we are recommending an early referral to a pallia-
tive care specialist, and in cases where one is not readily
accessible, we advocate for clinical practice which is
informed by principles of palliative care.'’Palliative care is
not only helpful for end-of-life care, but can also help facil-
itate discussions about medical issues and the goals of care,
as well as support families. As parents and guardians are the
chief sources of care on an everyday basis, we emphasize the
importance of soliciting their understanding of symptomatic
priorities in their child’s health.'? Similarly, we recommend
close collaboration between Leukodystrophy Care Network—
associated providers, who have specific expertise in the leu-
kodystrophies, and a child’s local primary medical providers,
who are generally most knowledgeable about a child’s over-
all health. Combining the individual strengths and expertise
of parents/guardians, local medical providers, and Leukody-
strophy Care Network center team members helps bring pal-
liative care principles to the long-term management of
children with a leukodystrophy.

Stages of Leukodystrophies

For the purpose of these guidelines, we defined leukodystro-
phies with 4 stages of disease progression, rather than by their
individual phenotypes. Based on clinical severity, we use the
following categories: presymptomatic, early symptomatic,
intermediate symptomatic, and advanced symptomatic.
Inspired by similar models used in muscular dystrophy to
separate guidelines by stages of mobility, we recognize that

symptoms will vary in age of onset across leukodystrophies
but recommendations can be generalized for shared symptoms
at the different severity stages of disease.'® In this model,
presymptomatic includes children who have a genetically
confirmed leukodystrophy but currently no symptoms. Early
symptomatic refers to children with mild neurologic symp-
toms that do not interfere with any activities of daily living
(eg, bathing, dressing, feeding, toileting) for his or her devel-
opmental age. Intermediate symptomatic indicates children
with neurologic symptom(s) impacting at least 1 activity of
daily living. Finally, advanced symptomatic describes chil-
dren with neurologic symptoms that severely impact almost
all activities of daily living, making a child dependent on
others for care far beyond what would be expected for his
or her developmental age. It should be noted that not all
leukodystrophies will progress through all stages. For exam-
ple, children with early onset forms of Aicardi Goutiéres or
Pelizaecus-Merzbacher disease may not have a presympto-
matic stage,'® whereas children with Megalencephalic Leu-
kodystrophy with subcortical cysts improving type (MLC2B)
do not progress to the advanced symptomatic stage.'> In the
sections below, we discuss appropriate symptom-specific
methods of screening, assessment, and treatment for our 4
neurologic symptom domains: sleep, pain, seizures/epilepsy,
and language/cognition.

Sleep

The neurobiology of sleep is a complex interplay between neu-
rochemical systems responsible for wakefulness, as well as the
hypothalamic regions responsible for rapid eye movement
(REM), non-rapid eye movement (NREM) sleep, and mainte-
nance of overall sleep architecture.'® These systems are further
modulated by behavior and by comorbid medical conditions.'®
Sleep pathology is common in pediatric disorders. Although the
exact incidence of sleep disorders in children with a leukody-
strophy is not known, clinical experience and parental reports
suggest that it is quite high. Recommendations for screening,
assessment, and management of sleep disturbances are listed in
Table 3.

The available literature suggests that leukodystrophies
disrupt many of the neurobiological mechanisms involved in
sleep.?%**2%2° Damage to fibers in the white matter of the brain
stem from the subceruleus nucleus in the dorsal pontine tegmen-
tum or adjacent structures including the ventrolateral periaque-
ductal gray, preceruleus, locus ceruleus, pedunculopontine
nucleus, and laterodorsal tegmental nucleus may lead to REM
sleep behavior disorders, as seen in adult-onset autosomal domi-
nant leukodystrophy.*® Additionally, adults and children with
blindness and/or vocal cord/upper respiratory compromise sec-
ondary to a leukodystrophy have been diagnosed with comorbid
sleep disorders.?***%*3% Comorbid manifestations such as sei-
zures and muscle spasms are also common among the leukody-
strophies,® and may secondarily impact sleep quality.
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Table 2. Summary of Leukodystrophy Patient Caregiver
Recommendations for Nonpharmacologic Sleep and Pain
Management.?

Pain management

Rocking, repositioning, music, lighting, warm water, and vibration
can all be helpful particularly for children with spasticity and in the
intermediate and advanced stages of the disease.

Aquatherapy provides the opportunity for a child in an advanced
symptomatic stage to be temporarily free of constant support—
whether from wheelchair positioning or being held—and
experience the freedom of motion in the water.

Pain from feeding intolerance and constipation may be alleviated by
adjusting a child’s feeding schedule, venting gastrostomy tubes, or
through enemas or light abdominal massage.

Monitor discomfort by tracking vital signs, such as with a home
pulse oximeter device

Sleep

Weighted blankets and the use of aromatherapy pillows to position
small children in bed.

Memory foam mattress topper to be used as an easily portable and
adaptable support to prevent pressure sores and maintain
comfortable positioning while away from home

*These recommendations have not been scientifically validated.

Screening: Sleep Habits Questionnaire

Poor sleep is associated with increased complaints of pain,
anxiety, inattention, and overall poor quality of life in the gen-
eral population.’!* Lack of sleep is particularly detrimental
for children with epilepsy, as it lowers a child’s seizure thresh-
0ld.****3 Therefore, it is prudent for clinicians to screen children
with advanced brain diseases, such as those affected by a leu-
kodystrophy, for sleep quality at every neurologic visit.
Regardless of disease stage, all children can be screened using
the Children’s Sleep Habits Questionnaire (CSHQ).!” This tool
can be helpful in assessing frequency of behaviors associated
with sleep disturbances. Polysomnography remains the gold
standard for the diagnosis of sleep disorders.'®

Assessment: Common Etiologies of Sleep Disturbance,
Evaluative Tools

In children with an asymptomatic leukodystrophy, sleep dis-
turbance is not an expected symptom. These children should
still be evaluated for sleep difficulties seen in children of their
developmental age: restless leg syndrome, sleep apnea, and
environmental factors affecting sleep hygiene.'®!?

In symptomatic patients, special attention should be paid to
contributing medical factors such as gastrointestinal dysmoti-
lity, pain, spasticity, and dysautonomia. Environmental factors
such as nighttime nursing care, feedings, suctioning, and med-
ications are other possible factors contributing to sleep
disturbance.

Patients with vocal cord dysfunction, upper respiratory com-
promise, or gastroesophageal reflux have been described as hav-
ing specific sleep disturbances.?>***° These patients, along with
those experiencing symptoms of nighttime choking and

coughing, should be assessed for sleep apnea. Referral to a sleep
specialist for evaluation and sleep study is warranted. Similarly,
children with known blindness should be evaluated for circadian
rhythm disorders. Such disorders, defined by the inability to
maintain normal periods of sleep and wakefulness, are most
commonly due to blindness secondary to the disease process.*”

In patients with central nervous system pathology, myoclo-
nic jerks, which are nonepileptic and part of the normal move-
ments of sleep, can be exaggerated.®® Such jerks can wake the
patient from sleep,”' resulting in excessive daytime sleepiness.
These jerks, especially if worsening, should be evaluated for an
epileptic etiology using electroencephalography (EEG).

There are important consequences of sleep disruption. As
mentioned above, lack of sleep is particularly detrimental for
children with epilepsy because of its effect on seizure threshold.
Aside from seizure activity, sleep disruption also has the potential
to adversely affect pain, spasticity, and cognition, all of which
should be considered when assessing sleep quality.’’’

In consideration and evaluation of the above-mentioned
common etiologies of sleep disturbance in the leukodystro-
phies, we recommend a tailored approach involving the use
of sleep diaries to identify patterns of poor sleep, sleep studies,
testing ferritin levels to assess for restless leg syndrome, or
referral to a gastrointestinal specialist for evaluation of dysmo-
tility, as appropriate.

Treatment: Sleep Hygiene and Pharmacologic
Interventions

There is no literature on the treatment of sleep disturbance
specific to children with a leukodystrophy. Based on literature
available in pediatric sleep disorders, recommendations
include sleep hygiene counseling, followed by the use of mel-
atonin, and finally, use of prescription medications.?>->6-4:40-42
General sleep interventions include the implementation of
nightly bedtime routines, the graduated extinction techniques
(delaying response time to child’s night waking), and the main-
tenance of a dark room during sleep (by removing electronics
and sources of light stimuli).?* In addition to finding benefit to
traditional sleep hygiene techniques, parents of children with
leukodystrophy in the Hunter’s Hope Consortium also reported
benefit from weighted blankets and the use of aromatherapy
pillows to position small children in bed. One family reported
benefits from downsizing a memory foam mattress topper to be
used as an easily portable and adaptable support to prevent
pressure sores and maintain comfortable positioning while
away from home (Table 2). These techniques were used in
children with moderate to advanced leukodystrophies.
Insomnia has been shown to improve with cognitive
behavioral therapy.*!**** Likewise, there has been success in
alleviating sleep disturbances in other disease processes
through treatment of comorbid mood, anxiety disorders,
attention-deficit hyperactivity disorder (ADHD), or other neu-
ropsychiatric comorbidities. However, the pharmacologic
agents commonly used, including stimulants and selective ser-
otonin reuptake inhibitors, are associated with disruption of
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REM sleep.** Therefore, to maximize treatment while preser-
ving sleep, patients may benefit from morning and afternoon
dosing schedules, with weekend medication “holidays.”

When sleep hygiene methods are insufficient, another con-
sideration should be the use of melatonin. This approach has
been studied in children with multiple neurologic conditions
including autism, ADHD, epilepsy, headaches, and intellectual
disability.>>® It has been shown to be safe, with varying levels
of effectiveness.

Finally, as a step beyond the above interventions, certain pre-
scription medications may aid in the management of sleep dis-
turbance. In many cases, it is possible to take advantage of the
sedating side effects of medications indicated for other symp-
toms, by giving the medications in the evening. Specifically,
clonazepam can be considered for patients with persistent none-
pileptic nighttime myoclonic jerks.?” Similarly, valproic acid has
beenused in advanced symptomatic leukodystrophy patients with
epilepsy and myoclonic jerks. Sedation from gabapentin may aid
in sleep as well as irritability and neuropathic pain.

Pain

Pain is a common problem in many of the leukodystrophies
secondary to other symptoms such as spasticity and dystonia,®
particularly in the intermediate and advanced symptomatic
phases. Unfortunately, pain in children with a leukodystrophy
is often under recognized and undertreated. Barriers to ade-
quate pain treatment may include uncertainty in identifying
pain as well as limited experience with medications for pain
treatment.*> Optimal pain management in pediatric populations
requires anticipatory guidance, routine screening, thorough
assessment, and both pharmacologic and nonpharmacologic
interventions.*® Limited evidence exists in the literature on
pain management of pediatric leukodystrophy patients. The
recommendations discussed in this section are based on estab-
lished guidelines, systematic literature reviews, and multidisci-
plinary expert opinions.

Screening: Pediatric Pain Intensity Scales

Pain is a subjective experience best assessed by self-report,
taking into account patient age, cognitive and communication
abilities, and contextual factors.*” When screening for pain,
providers must account for disease stage. For presymptomatic
to early symptomatic stages of a leukodystrophy, pictorial pain
scales and numeric scales are generally appropriate self-report
measures. See Table 4 for the age-appropriate scales.*’>°
Preverbal children and children in intermediate and
advanced disease stages, experiencing cognitive impairments
and/or communication limitations, should be assessed using
observational pain scales. When screening for pain in children
with cognitive impairment, the revised-FLACC tool has signif-
icant evidence supporting its validity and reliability.>' The
revised-FLACC was developed to incorporate pain descriptors
commonly exhibited in children with cognitive impairment
including verbal outbursts, tremors, increased spasticity,

jerking movements, and respiratory changes.®* The use of var-
ious rating scales involves reviewing symptoms with parents
and caregivers, including skilled nursing care, to determine
child’s baseline behaviors and deviations from that baseline
when pain occurs.**-2

Assessment: Common Etiologies of Pain, Evaluative Tools

Any indication of pain revealed by screening with appropriate
pain scales requires further evaluation. Detailed pain history
from both patient and caregiver, complete physical examina-
tion, and potential diagnosis of the cause of pain should be
considered.*® Leukodystrophy pain profiles vary greatly as
patients progress through symptomatic stages (Table 4).

Presymptomatic patients. Pain reported prior to disease onset
should be evaluated and treated according to common causes
of pediatric pain, such as acute injury, infection, migraine, and
teething/oral discomfort/dental pain.'>>? If this evaluation is
unable to identify an external source of the pain, providers
should consider whether the pain is an early manifestation of
the underlying leukodystrophy.

Early symptomatic patients. In this early disease phase, children
with a leukodystrophy involving peripheral nerve involvement
(commonly metachromatic leukodystrophy and Krabbe) may
experience neuropathic pain.”*>* Metachromatic leukodystrophy
is also known for associated gallbladder pathologies which in rare
cases can precede neurologic symptoms.”> Therefore, patients
with metachromatic leukodystrophy presenting with significant
abdominal pain should be evaluated for gallstones, papillomato-
sis, or cholecystitis as sources of pain.®® In children with infantile
Krabbe disease, inconsolable irritability may indicate discomfort
from gastrointestinal reflux, an early clinical indicator of the
disease.®

Intermediate symptomatic patients. Pain related to neuropathy,
dystonia, and spasticity is typically observed across the leukody-
strophies.>***’ Patients may begin to experience gastrointestinal
symptoms including gastroesophageal reflux and chronic consti-
pation resulting from autonomic dysfunction. Pain resulting from
feeding intolerance is common as dysphagia develops during the
course of the disease.’**” Dysautonomia can also disrupt bladder
function, leading to urinary retention and pain associated with
urinary tract infections as patients approach more advanced
stages of the disease.’

Advanced symptomatic patients. In the advanced stages, intract-
able crying can persist despite maximal management.*’
Chronic spasticity can lead to painful complications includ-
ing contractures, scoliosis, joint dislocation, and overall
positional discomfort.® Pathologic fractures occur in patients
as they become unable to bear weight, and also as side
effects of long-term glucocorticoid replacement (eg, patients
with adrenoleukodystrophy) and possible demineraliza-
tion.>® Furthermore, patients are at increased risk for skin
wounds and pressure injuries as they lose the ability to
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Table 3. Recommendations for Screening, Assessment, and Management of Sleep Disturbances in Children With a Leukodystrophy.

Intermediate Symptomatic Advanced Symptomatic

In addition to presymptomatic etiologies:
e Gastrointestinal dysmotility®
Pain and spasticity®
Dysautonomia®
Circadian rhythm disorders?
Exaggerated myoclonic jerks
Environmental factors: nighttime nursing care,
feedings, and suctioning®
In addition to presymptomatic tools:
e Consider gastrointestinal consult

0
6,21

Presymptomatic Early Symptomatic
Screening Children’s Sleep Habits Questionnaire (CSHQ)'”
Assessment Poor sleep hygiene'®
Common etiologies e Restless leg syndromeI9
to consider Sleep apnea'®
Tools Sleep journal/diaryI8
Test ferritin levels'”
Sleep study®®
Management Sleep hygiene counseling24

Treat any contributing medical/environmental factors'
Behavioral interventions to improve sleepI8

Consider medication/supplements: melatonin first, avoid polypharmacy when possible
Take advantage of sedating side effects of medications indicated for other symptoms?’

8

25,26

ambulate, require the use of orthotics, or lose sensation due
to neuropathy.® Particularly in advanced symptomatic, non-
verbal children, parents reported the benefits of monitoring
discomfort by tracking vital signs, such as with a home
pulse oximeter device (Table 3). In cases where intractable
pain persists despite a cause being unidentifiable, it is
appropriate to escalate pharmacologic interventions, while
carefully considering the relative risks and potential benefits
of doing so.

Treatment: Nonpharmacologic and Pharmacologic
Interventions for Pain

Parents of children with chronic illnesses report one of their
major aims in caregiving is controlling symptoms.® Effective
pediatric pain management requires diligent communication of
the prescribed regimen to home caregivers as well as continued
assessment of therapeutic effect. In order to determine the ben-
efit of a pain regimen, caregivers need tools to accurately
assess pain. Consistent usage of an identified pain scale at
home will supply health care providers with objective informa-
tion of the pain trends of the child, allowing providers to tailor
treatment accordingly.

Nonpharmacologic. In order to limit polypharmacology, non-
pharmacologic approaches should be optimized. Interventions
such as biofeedback, guided imagery, therapeutic massage,
application of heat or cold, Reiki and physical/occupational
therapies are commonly used in palliative care settings.®' Fam-
ilies and caregivers report having found the following interven-
tions helpful: rocking, repositioning, music, lighting, warm
water, and vibration can all be helpful particularly for children
with spasticity and in the intermediate and advanced stages of
the disease. In particular, aquatherapy poses the unique oppor-
tunity for a child in an advanced symptomatic stage to be

temporarily free of constant support—whether from wheel-
chair positioning or being held—and experience the freedom
of motion in the water. Pain from feeding intolerance and con-
stipation may be alleviated by adjusting a child’s feeding
schedule, venting gastrostomy-tubes, or through enemas or
light abdominal massage (Table 3). Although there is limited
evidence to support these interventions, they typically have
minimal to no side effects and are thus reasonable interventions
to consider.

Pharmacologic. Table 3 lists the management of common pain
etiologies seen through various stages of leukodystrophies.
Chronic nociceptive pain management that is resistant to treat-
ment should follow the 2-step strategy established by the World
Health Organization.*® Key elements include dosing at regular
intervals, using appropriate routes of administration, and
adapting treatment to the individual child. Pain management
according to the 2-step approach is dependent on the assessed
level of pain severity. The first step is intended for children
reporting mild pain, requiring nonsteroidal anti-inflammatory
drugs (eg, ibuprofen, acetaminophen) for adequate manage-
ment. Of note, acetaminophen should be used only in cases
where the underlying leukodystrophy does not involve liver
impairment. The second step should be applied in patients
experiencing moderate to severe pain, requiring morphine,
oxycodone, hydromorphone, fentanyl, or methadone.*® For
persistent distress in patients with neurologic impairments,
pain management should target neuropathic pain, visceral
hyperalgia, and autonomic dysfunction.

Neuropathic pain may be attributed to peripheral nerve dys-
function and increased responsiveness to pain (peripheral neu-
ropathic pain) or related to central nervous system involvement
in the thalamus or spinothalamic tracts (central neuropathic
pain). Neuropathic pain is typically described as burning,
shooting, or needle-like pain.'*> For the management of
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neuropathic pain, gabapentin and pregabalin are commonly
used.®! Gabapentin appears to be an effective treatment, as
suggested by a retrospective analysis performed with data from
22 children with symptoms similar to those seen in the leuko-
dystrophies: severe impairment of the central nervous system
and recurrent pain behaviors, including intermittent changes in
muscle tone.®” In cases where muscle spasms or heightened
spasticity are eliciting pain, the prudent use of benzodiazepines
and other antispasmodics is indicated.

Visceral hyperalgesia refers to an altered threshold for pain
in response to gastrointestinal stimulus, believed to be related
to injury or inflammation in the gastrointestinal tract.'? Infor-
mation that suggests visceral hyperalgesia includes pain asso-
ciated with gastrostomy or jejunostomy tube feeds, bowel gas,
or pain associated with a bowel movement. Pharmacologic
treatment of visceral hyperalgia includes medications used for
neuropathic pain, including gabapentin.®®

Children with leukodystrophies may also experience auto-
nomic dysfunction. Features suggesting autonomic dysfunction
may include diaphoresis, elevated heart rate or temperature,
pallor or flushing, and increased salivation. Medications for
the treatment of autonomic dysfunction include clonidine and
benzodiazepines, although none have been specifically studied
in children with leukodystrophies.

Pain in patients with cognitive impairments. In children with severe
neurologic deficits, often including at least some degree of cog-
nitive impairment, there is a higher incidence of pain compared
with healthy children.®” Common causes of pain not discussed
above but seen in children with cognitive impairment include
oral sores, headaches, trauma, infection, and menses.®®
Untreated pain can bear long-term consequences, in many cases
leading to sensitization to pain. In patients with severe cognitive
impairment, pain behaviors have shown to increase with number
of pain experiences.®” This knowledge should guide providers in
providing clustered care, validating the necessity of painful pro-
cedures with provisions for adequate pain treatment.

Seizures and Epilepsy

Seizures tend to occur more frequently in the earlier-onset
(infantile) leukodystrophies but can also be seen in
juvenile- and adult-onset forms. Seizures can occur at any stage
of the disease but tend to be more refractory in advanced stages,
and they can start months to years after the initial onset of
neurologic symptoms.®>’! Specifically, seizures are the first
symptom in fewer than 5% of adrenoleukodystrophy patients,””
while for infantile Krabbe and late-infantile metachromatic
leukodystrophy, seizures can be more frequent and at times
intractable. Interestingly, seizures are a common first presenta-
tion of Alexander disease.”” In many of the more recently
characterized leukodystrophies, the occurrence of seizures has
not yet been well-documented.

A challenge among the leukodystrophies is that white mat-
ter disease leads to frequent behavioral changes/staring spells/
myoclonus that are not necessarily epileptic.”*’> Seizure

management is further challenged by behavioral issues them-
selves: these issues could be seizure manifestations or could
instead have been exacerbated by recent seizures’® or by anti-
seizure medication side effects. For these reasons, we propose
that seizure management in children with a leukodystrophy
follow general guidelines for otherwise healthy children
(Table 5), while respecting the vulnerabilities of advanced
disease (Table 5) and unique features of specific leukodystro-
phies (Table 6).

Screening: Clinical Suspicion

EEG studies in children with leukodystrophy should only be
performed when there is reasonable clinical suspicion for a
seizure. Children with leukodystrophies very often have abnor-
mal EEGs, most commonly manifesting as excessive slow
waves for age.”®®"#! Such findings in and of themselves
should not lead to initiation of antiseizure medications. In gen-
eral, we encourage parents to make use of smartphone technol-
ogy to record photos and videos of their children during any
abnormal or concerning events, so that these instances may be
shared with medical providers to enhance understanding and
provide feedback.

Assessment: Common Etiologies of Seizures and
EEG as an Evaluative Tool

As with other neurologic conditions, etiologies for seizures
may be identified using a combination of clinical history, EEG,
and brain imaging. When fever is present, the typical
considerations and evaluations should be employed based on
the patient’s age and associated symptoms, including infection
or febrile seizure (particularly in the presymptomatic stage). If
staring spells are present, workup should include the possibility
of slower processing speed or the presence of clinical vs sub-
clinical seizure activity.

As an assessment tool, we recommend that EEGs be ordered
only with clear clinical concern for seizures. Considerations
here follow general guidelines and are not specific to the leu-
kodystrophies. Beyond slowing, EEGs can show epileptiform
discharges, including single and multifocal spikes and parox-
ysmal activity, including high-voltage spike and wave dis-
charges 38! Overall, a sleep-deprived EEG is higher yield but
the ability to capture sleep will depend on the individual
child.® In rare instances, where no epileptiform activity on
routine or sleep-deprived EEG is found despite recurring
clinical events, a continuous video EEG (at least overnight
and ideally 24 hours) may be indicated. As in other conditions
not invariably causing seizures, we do not recommend routine
follow-up EEGs if clinical response adequately guides anti-
seizure medication treatment. However, if there has been a
change in seizure semiology or following institution of anti-
seizure medications, a repeat EEG may be helpful. Generally,
any change in seizure semiology or syndrome will dictate
management more than the specific leukodystrophy.
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Table 4. Recommendations for Screening, Assessment, and Management of Pain in Children With a Leukodystrophy.

Presymptomatic Early Symptomatic Intermediate Symptomatic ~ Advanced Symptomatic
Screening’~>° e Birth to 3 y: FLACC (Faces, Legs, Activity, Cry, and r-FLACC (Revised Faces, Legs, Activity, Cry, and
Consolability) Consolability)®'
e 4-12 y: FPS-R (Faces Pain Scale—Revised)
and WBFPRS (Wong-Baker Faces Pain Rating
Scale)
e 8y and older: NRS (numeric rating scale)
Assessment Common e Acute injury Disease-specific etiologies: e Reflux>®
etiologies to consider e |Infection e Neuropathy in e Spasticity, dystonia>>*>’
e Migraine metachromatic e Contractures®
e Teething/oral leukodystrophy, e Scoliosis®
discomfort/ Krabbe>*>* e Joint dislocation®
dental pain'? 52 e Gallbladder pathologies in e Pressure injuries®
metachromatic e Compression fractures®®
leukodystrophy®® e Constipation, feeding intolerance'®°
e Reflux in infantile e Urinary retention®
Krabbe®® e Urinary tract infections®
e Corneal abrasions®
Tools History and physical exam consistent with applicable common etiologies, diagnostic workup as appropriate
Management e Targeted treatment of underlying pain causes e Targeted treatment of underlying pain causes

e Play/music therapy®'
o Guided imagery®'
e Cognitive behavioral therapy

Nonpharmacologic

Pharmacologic NSAIDs and acetaminophen*®

e Therapeutic massage, application of heat or cold,
Reiki®'

Physical/occupational therapies®'

Rocking, repositioning, music, lighting, warm
water, vibration

NSAIDs and acetaminophen*

Gabapentin®?

Consideration of opioids*

Spasticity management (eg, benzodiazepines,
antispasmodics)

Treatment: Management of Triggers
and Pharmacologic Intervention

Prevention of seizure triggers such as sleep deprivation, con-
stipation, illness, gastrointestinal symptoms, and other stres-
sors constitute best practice in seizure management. As
seizures do not occur in all leukodystrophy patients,”®*!-%3
we do not as a rule recommend prophylactic medication. If
seizures are evident by clinical presentation and/or epilepti-
form activity on EEG, antiseizure medications are recom-
mended. Often, considerations of overlapping symptoms,
coinciding treatment such as stem cell transplant, muscle
spasms, or behavioral exacerbation may guide the choice of
medications.”””® Titration and further management will be
guided by side effects such as sedation and other symptoms,
as well as seizure control after beginning treatment. Future
research is needed to help determine if specific epilepsy med-
ications and treatments are more or less effective in
leukodystrophies.

In general, polypharmacy should be avoided, given that many
patients do not have intractable seizures. However, for intract-
able patients, consideration should be given to other treatment
modalities, including ketogenic diet and vagus nerve stimulation
(VNS). Here, the unique features of each leukodystrophy, with
their metabolic and genetic underpinnings, such as likely

contraindication of the ketogenic diet in X-linked adrenoleuko-
dystrophy due to increased very long chain fatty acids with the
diet,”® guide the choice of such experimental treatments. These
considerations play a greater role in the management of patients
with very advanced disease or with specific leukodystrophies
that have polymicrogyria or other brain malformations.

Language and Cognition

Cognitive impairment, although variable in nature and severity,
is a symptom shared among most leukodystrophies.® Irritability
is a common initial symptom of early onset Krabbe disease.>*
For leukodystrophies with onset in the late childhood to juve-
nile period, cognitive decline may be the presenting symptom
and may precede motor dysfunction. For example, in boys with
cerebral adrenoleukodystrophy, cognitive complaints at symp-
tom onset may be as subtle as difficulties in attention and
concentration.** Typically, a later age of disease onset corre-
lates with a slower rate of progression, as seen among children
with late-infantile versus juvenile metachromatic leukodystro-
phy.® However, it should be noted that neurologic impairment
and/or decline can vary widely across the spectrum of leuko-
dystrophies and even among members of the same family or
genotype.®® Cognition is also affected in hypomyelinating con-
ditions. A recent paper on megalencephalic
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Table 5. Recommendations for Screening, Assessment, and Management of Seizures in Children With a Leukodystrophy.

Presymptomatic

Early Symptomatic

Intermediate Symptomatic ~ Advanced Symptomatic

atory guidance relating to expected changes in seizure types/

presentationsFirst seizure

Description of seizure event
Review of possible/subtle seizure presentations to determine true

incidence

Recurrent seizures / epilepsy
Determine seizure types, frequency, and syndromes

er common etiologies:

Seizures with fever

Infection
Recent medication change

Staring spells

Electroencephalographs (EEGs) only when there is reasonable clinical

suspicion for a seizure

When considering repeat brain imaging, consider need for sedation and

weigh risk against possible insights to be gained

Seizure syndrome (or change in semiology) may dictate management

more than the specific leukodystrophy

EEG (consider sleep-deprived EEG if child tolerates)

Recurrent seizures / epilepsy

Prolonged EEG

Antiseizure drug levels

Screening e Review seizure types Anticip
e Anticipatory guidance
e Seizure “first aid” .
e Address parental anxiety relating to °
seizure presentations
Assessment Consid
[ ]
L]
L]
[ ]
L]
L[]
[ ]
First seizure
]
[ ]
L]
Management °

Seizure syndrome (or change in semiology) may dictate management

more than the specific leukodystrophy

Avoid polypharmacy when seizures are not intractable
Consider the use of clonazepam or lorazepam for “bridges” only in the

setting of illness, to avoid long-term/chronic drug use

[ )
[ )
First s
[ )
[ )

Consider adding gabapentin when sedative effects are preferable
Weigh risks and benefits of potentially invasive interventions

eizure
Prevent triggers

Consider antiseizure medications

Recurrent seizures / epilepsy

Prevent triggers
Consider antiseizure medications
Consider ketogenic diet

Intractable seizures / epilepsy

Prevent triggers

Consider antiseizure medications

Consider ketogenic diet

Consider surgical interventions (eg, vagus nerve stimulation)

leukoencephalopathy with subcortical cysts reported autistic
features and cognitive decline.®” Providers should support
therapists and educators in anticipating increasing needs as the
disease progresses. An individualized educational plan (IEP)
with educational accommodations and therapies can help max-
imize developmental progress and quality of life.®®

Receptive and expressive language impairment is also a
common symptom inherent to most leukodystrophies. Early
in the course of disease, children may lose their ability to form
complete sentences.®>*® Eventually, those children may
become completely nonverbal. Still, most nonverbal children
may be able to retain some communication using nonverbal
techniques in the form of signs and gestures, low tech

strategies such as picture exchange, and with an appropriate
augmentative/alternative communication (AAC) device (see
Table 7).

Screening: Developmental Inventories

As children affected by a leukodystrophy are at risk for regres-
sion, a neurologic exam with developmental surveillance
should be performed and documented at every neurologic visit
(Table 7). A review of prior milestones should be completed to
look for areas of regression as well as continued development.
If concerns are identified, patients should be screened with a
comprehensive tool. Language screening is recommended for
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Table 6. Seizure Considerations for Patients With Specific Leukodystrophies.

Disease

Special considerations

Alexander disease

Seizures are often an early symptom in infantile Alexander Disease”*; the absence of seizures

does not exclude other types of Alexander disease

Krabbe disease

Irritability is a common symptom of Krabbe Disease; consider pairing levetiracetam with

vitamin B¢ (pyridoxine) supplement to alleviate behavioral side effects of levetiracetam’”

Vanishing white matter disease

Consider aggressively treating fevers, because both disease progression and seizure activity

are known to occur in the setting of fevers

X-linked adrenoleukodystrophy
Zellweger syndrome
(and others associated with polymicrogyria)
All leukodystrophy patients undergoing
hematopoietic stem cell transplant

Ketogenic diet is likely contraindicated due to effect on very long chain fatty acid levels”®
Consider proactive seizure treatment

Consider seizure prophylaxis with levetiracetam’”; avoid valproic acid or felbamate due to
possible bone marrow suppression

all children by the American Academy of Pediatrics at 9, 18,
and 24 or 30 months of age.®® This applies to children with
leukodystrophies as well. Parental screening instruments, such
as the Communicative Developmental Inventory (CDI) and
Infant-Toddler checklist (ITC), have displayed consistently
acceptable levels of sensitivity and specificity at each age
level.®® These instruments can also be easily administered and
interpreted by staff in a primary care physician office without
significant difficulty, time burden, or training.®® A
professionally administered developmental screening tool such
as the Bayley Scales of Infant and Toddler Development may
be administered in children at ages 1 to 42 months.®¢

Assessment: Common Etiologies, Neuropsychological
Testing as an Evaluative Tool

If developmental delay or regression is identified during
screening, further evaluations are indicated. Potential contri-
buting causes of regression beyond disease progression should
be considered, such as illness, changes in sleep, increased pain,
medication side effects, hormonal/metabolic imbalances, and
seizures (Table 7).

Though there is a paucity of literature documenting neu-
ropsychological testing outcomes in all leukodystrophies,
based on expert opinion we recommend that formal neurop-
sychological testing begin at age 4-5 years and that it be
continued every 1-2 years in the presymptomatic, early
symptomatic, and intermediate symptomatic stages of dis-
ease (Table 7). This testing should emphasize evaluation of
skills relying on white matter integrity, such as attention and
executive skills, processing speed, and visual motor skills.®’
Testing may include but not be limited to the Wechsler
Intelligence scales including verbal 1Q and performance
1Q, Vineland Adaptive Behavioral Scale, and visuomotor
and executive function assessments.***

In the later stages of disease, neuropsychological testing
may no longer be feasible. The necessity and potential for
benefit to the patient must be weighed against the time and
travel burden on the patient and family.

Treatment: Speech Therapy and
Communication Devices

Children with any form of symptomatic leukodystrophy may
benefit from physical, occupational, and/or speech therapy ser-
vices.” These services are often provided through early inter-
vention to children younger than 3 years. Among children older
than 3 years with a disability, services may in part be provided
through the US school system. An individualized education
plan should be developed that documents current performance,
annual goals, special education and related services, participa-
tion in testing, participation with nondisabled peers, transition
services, and methods of measuring progress. Of note, beha-
vioral or psychiatric symptoms can also be present alongside
cognitive decline and may be associated with disease pathology
or frustration with ineffective communication.®>*3

Special consideration should be given to children with
speech, hearing, and/or vision impairment. For children whose
current methods of communication do not support them in
meeting all of their daily communication needs (eg, severe
dysarthria, anarthria, mixed receptive-expressive language dis-
order), functional communication evaluations may be consid-
ered. Speech devices differ in their level of complexity
including symbolic representation (eg, photos, symbols, text),
message types (eg, full utterance, word-by-word, spelling),
voice output (eg, recorded digitized, synthesized speech), tech-
nology level (eg, no tech, low tech, high tech), and access (eg,
direct with hand or eye gaze, indirect scanning) options.” In the
evaluation of a patient’s individual communication needs, cog-
nition, language, vision, hearing, and physical skills should all
be considered.’ For children with anticipated hearing or vision
impairment, initiation of sign language and Braille education
should begin early if cognitively appropriate. Social workers or
education advocates may help families work with the school
system to obtain an individualized education plan and
appropriate therapies.

Parent and Family Perspectives

Recognizing that disease burden extends beyond the stated
neurologic domains, we collaborated with parent and family
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Table 7. Recommendations for Screening, Assessment, and Management of Language and Cognitive Impairment in Children With a

Leukodystrophy.

Presymptomatic Early symptomatic

Intermediate symptomatic Advanced symptomatic

Screening

Checklist)®
Assessment:
Common etiologies
to consider

Subclinical seizures
Changes in sleep

Visual impairment

Disease progression
Tools

. .1 89
speed, and visual motor skills

Developmental inventory alongside review of prior milestones
Standardized language screening: CDI (Communicative Developmental Inventory), ITC (Infant-Toddler

Child Find assessment (communication, motor, cognitive)
Neuropsychological testing beginning at age 4-5 y and repeated every |-2y
Emphasis on evaluation of attention and executive skills, processing

Standard hearing test, or BAER, as appropriate to child
Speech assessment to evaluate for dysarthria, dysphonia, anarthria,

86

Anxiety and depression, social stressors

Hearing impairment or recurrent ear infections

Medication side effects, hormonal/metabolic imbalances

Neuropsychological testing
recommended only if potential
benefits outweigh burden to
patient and family; physicians
should work with families on
goals of care

aphonia, intelligibility, comprehensibility, communication effectiveness

and participation
Management

Under 3 years: referral to Child Find services

School-age children: Individualized educational plan services and relevant accommodations

Augmentative and alternative communication interventions, as appropriate5

Initiation of sign language and/or Braille education for children with anticipated hearing/vision impairment

Table 8. Summary of Recommendations for Neurologic Care in the
Leukodystrophies.

In all disease stages of a leukodystrophy, neurologic care can be
optimized but requires a multidisciplinary approach and attention to
stage of severity

Palliative care involvement early in the disease course can help families
with coping and support as well as creating goals of care for medical
procedures and treatment.

Screening for sleep disturbances, pain, seizures, and cognitive/
developmental difficulties should be completed at each visit with
neurology and/or pediatrics.

Treatment for sleep disturbances should focus first on good sleep
hygiene and nonpharmacologic measures, followed by use of
melatonin, and then progressing to other prescriptive medications
as needed. Using the side effect of sedation from drugs used to treat
other symptoms is recommended to avoid polypharmacy.

Recognize that severely disabled children with cognitive impairment
have a higher incidence of pain. Assessment for pain should include
a thorough examination and evaluation for systemic causes of pain.

Recognize that seizures tend to be more frequent in certain
leukodystrophies such as Krabbe, metachromatic leukodystrophy,
Alexander disease, and Aicardi Goutiéres syndrome. Seizures also
tend to occur more frequently in earlier-onset rather than juvenile
leukodystrophies and tend to become more refractory in more
advanced stages of disease.

A neurologic exam with developmental surveillance should be
performed and documented at every neurologic visit. Potential
contributing causes of regression beyond disease progression
should be considered.

Children with hearing and vision impairment should be evaluated
for adaptive devices or alternative means of communication based
on their cognitive abilities.

advocate groups to develop these guidelines. This allowed per-
spective to the daily needs of a child with a leukodystrophy. In
addition to their tips and recommendations, which are included
throughout the guidelines, parents expressed several founda-
tional viewpoints. They pointed to the importance of helping
parents understand what resources are available to them:
from organizations such as the Leukodystrophy Care Net-
work, as well as, talking to other parents with experience in
the leukodystrophies, and partner organizations that can
assist with financial support, obtaining home medical equip-
ment, and navigating transitions of care between hospital
and home settings. Parents also emphasized many of the
overlapping dynamics involved in the care of a child with
a leukodystrophy: shared decision making among family
members, caregiver burden and burnout, and social media
support groups.

Summary Recommendations and
Knowledge Gaps

In creating this set of neurologic guidelines for the care of
children with a leukodystrophy, our hope is to provide the
tools to standardize symptom management and optimize
patient-focused care. With a focus on staging of disease,
we are better able to combine recommendations for varied
leukodystrophies with shared symptoms. We hope to
empower providers less familiar with leukodystrophies to
anticipate and prevent potential complications that may
arise during the course of the disease. We summarized our
recommendations in Table 8, as well as knowledge gaps for
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future research in Table 1. With recent advances in the
identification of leukodystrophies based on expanded access
to genetic testing and newborn screening, our understanding
of the full scope of these neurologic issues will greatly
expand. Further, we hope that with the creation of the Leu-
kodystrophy Care Network, specialty centers across the
USA will begin to collect data to help guide the creation
of leukodystrophy-specific patient-reported outcome mea-
sures and better understand the true incidence of these neu-
rologic symptoms in children.
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