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Abstract

We find ourselves at our present crossroads with a well-traveled toolkit, perhaps too well worn but with aspirational hopes
and dreams for the field of sleep neurotherapeutics. This volume is organized thematically into six topical domains that
parallel the major subspecialty areas of contemporary clinical sleep neurology practice, as well as novel directions and
opportunities. The issue begins with an overview of the central disorders of hypersomnolence, including narcolepsy, idi-
opathic hypersomnia and other hypersomnia disorders, and the related use of the entire broad range of stimulant and wake-
promoting pharmacotherapies. Next, the range of behavioral therapies, application of light and light restriction and melatonin
therapies, and hypnotic pharmacotherapies useful in insomnia and circadian sleep—wake rhythm disorders are reviewed,
followed by an overview of treatment options for sleep-related breathing disorders including positive airway pressure and
the novel approach of hypoglossal neurostimulation for obstructive sleep apnea. The parasomnias and sleep-related move-
ment disorders, including NREM disorders of arousal, REM parasomnias (nightmares and isolated sleep paralysis and idi-
opathic/isolated REM sleep behavior disorder, and restless legs syndrome are then discussed, and the applications of sleep
neurotherapeutics in sleep and neurological disease are reviewed, including neurodevelopmental, epileptic, autoimmune
encephalopathies, and neurodegenerative diseases. Last, the novel directions and opportunities in sleep neurology offered
by cannabinoid therapies and machine learning/artificial intelligence methodology conclude this comprehensive survey of
contemporary sleep neurology. We hope that you find this volume to be a useful and inspirational support tool for the work
that matters most, your care of all our sleep neurology patients in the clinics.
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plus ¢a change, plus c’est la méme chose Not all those who wander are lost;
The old that is strong does not wither,
Deep roots are not reached by the frost...
A light from the shadows shall spring.

J.R.R. Tolkien, The Fellowship of the Ring, 1954
Now my eyes on the far horizon can see a glow
Announcin’ things ain’t what they used to be.

(the more things change, the more they stay the same)
Jean-Baptiste Alphonse Karr, 1849, and Jon Bon

Jovi/Richie Sambora, 2010

All that is gold does not glitter,
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and pitfalls between the old and the new, the clinics and
telehealth [1-3], the lab, and the home [4, 5]. In our field
especially, we reflect on and weigh the old faithful standby
diagnostics and remedies against the hope for novel, widely
accessible sleep diagnostics and neurotherapeutics.

While some of these exciting trends in sleep neurology
had begun well before the pandemic, the unprecedented
challenge of COVID-19 to healthcare providers and patients
worldwide has also forced immediate and broad sweeping
innovation and change in professional norms and practices
and shifting patient values and preferences [6]. We have
been inspired and energized by the resilience and malle-
ability of our colleagues and patients alike through these
most turbulent times, while we also mourn the losses and
strife that COVID-19 has unveiled and magnified; the full
extent of the many ills in our societies, especially exposing
the terrible truths of health, economic, and racial disparities,
and the tragic consequences of large scale loss of lives, pain,
and suffering. The challenges of COVID-19 to sleep neurol-
ogy specifically have included an apparent co-pandemic of
“COVID-somnia” sleeplessness in our communities [7—10],
closure of sleep laboratory testing facilities, and dramatic
shifts toward home monitoring and clinical care delivery
models. Yet, we are hopeful that as broad-scale vaccination
becomes available, a new dawn of possibility, inspiration,
innovation, and justice will emerge in both our world and
our field.

This is a time to reflect on what the past has brought us,
and where we might head. We reflect gratefully on the firm
scientific foundation of the past century laid by the work of
the founding giants of our sleep and neuropsychiatric dis-
ciplines, including Von Economo [11, 12], Berger [13-15],
Aserinsky and Kleitman [16-18], and Rechtschaffen and
Kales [19], among so many others. We also celebrate the
achievements and lives and mourn the loss of our modern
era sleep heroes Dement [20], Jouvet [21], Guilleminault
[22], and Mahowald [23]. We are inspired by the substantial
additional advances during the last two decades in particu-
lar, which have exponentially improved our understanding
of basic and clinical sleep sciences and the crucial impact
of sleep on brain and general health, revealing network
mechanisms and functioning of the non-rapid eye movement
(NREM) and rapid eye movement (REM) sleep switches
[24, 25], the brain’s glymphatic system [26], and its possible
roles in brain health, aging, and neurodegeneration, and the
synaptic homeostasis hypothesis [27]. In parallel, in sleep
neurology and science, key advances with more direct clini-
cal applicability have included understanding genetic vulner-
ability and hypocretinergic deficiency in narcolepsy [28-31],
elucidation of arousal systems underlying NREM parasom-
nia [32], clarification of the pontomedullary network that
mediates REM atonia control system mechanisms [33], and
formative evidence of the relationship between brain iron
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deficiency and network dysfunction underlying restless legs
syndrome [34], which are just a few examples of the impres-
sive advances in sleep neurology reviewed by our expert
authors in this volume. Recognition of REM sleep behavior
disorder as the most important prodromal manifestation of
disorders associated with synuclein-specific neurodegen-
eration, such as Parkinson disease and dementia with Lewy
bodies, has provided an extraordinary opportunity to employ
promising agents and slow the progression of these chronic
neurodegenerative disorders [35—-38]. The circadian system
and its underlying biological principles, serving a crucial
role in physiological and behavioral homeostasis, received
broader, long-overdue recognition with the awarding of the
2017 Nobel Prize in Medicine or Physiology to Drs. Jeffrey
Hall, Michael Rosbash, and Michael Young [39]. Beyond the
scope of the circadian rhythm sleep disorders, this will lead
to a renewed appreciation and recognition of the immense
potential for circadian-based principles and interventions in
reducing disease burden across a wide range of neuropsy-
chiatric and medical disorders [40].

Yet only recently have these seminal advances in sleep
clinical and translational neuroscience begun directly to
enable new therapeutic possibilities and rational and spe-
cific therapies. A few examples of such pivotal developments
reviewed in this issue include hypocretin antagonism for
insomnia [41], pitolisant for narcolepsy [42], and hypoglos-
sal nerve stimulation for obstructive sleep apnea [43, 44].
But much more work remains to improve understanding of
basic sleep and circadian neurobiology and ultimately enable
the translation of these advances via rationally based, rand-
omized controlled trials targeting specific pathophysiologic
mechanisms into a broader therapeutic armamentarium for
our patients who suffer from insomnia, hypersomnia, sleep-
disordered breathing, parasomnias, and sleep-related move-
ment disorders.

We find ourselves at our present crossroads with only
a well-traveled toolkit, perhaps too well worn in some
respects, but with aspirational hopes and dreams for the
field of sleep neurotherapeutics. Despite the advances of
knowledge and understanding in sleep neuroscience and the
recognition of the pivotal role of sleep in brain health, there
has been very little movement or change in several thera-
peutic areas in well over a decade (and in some cases, much
longer), which naturally leads to disappointment. But like a
trusty old watch, a well-worn doctor’s bag, or a threadbare
great coat providing seasonal winter warmth, our available
tools also bring comfort in their familiarity and inspire grati-
tude for their remaining utility and applicability. We really
still need them all, but we yearn for even more!

The standby therapeutics from our old toolkit that are still
most useful in sleep neurology include the broad range of
stimulants and wake-promoting agents and hypnotics and
the unfortunately narrow medication options available for
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restless legs syndrome and the parasomnias. These tools
remain reliable and useful but have begun to feel a bit tired,
worn, and dusty, so we are hopeful for innovation coming to
these areas in the near future. But for the time being, we will
make do with the old and hope that the expert contempo-
rary applications and approaches of these therapies outlined
herein will serve you well.

Encouragingly, some new twists, improvements, and
enhancements have indeed become recently available in
sleep neurotherapeutics. Pharmacotherapies with novel
wrinkles in their putative mechanisms of action are now
available for the treatment of hypersomnias and insomnia
including pitolisant, a novel histaminergic wake-promoting
agent [42]; and suvorexant and lemborexant [41], which
exert their sleep-inducing actions by hypocretin antago-
nism. The management of sleep-related breathing disor-
ders has also been greatly enhanced by the availability of
“smarter,” auto-titrating positive airway pressure devices
offering patients and practitioners greatly improved analyt-
ics and remote-monitoring capabilities better to measure
treatment outcomes, expand access for monitoring broader
populations of patients, and enhance patient tolerability
[45]. Recent clinical trials have also demonstrated the util-
ity of bright light therapy in selected circadian disorders,
especially for application in neurodegenerative populations
such as those with Parkinson disease [46]. Neuromodulation
has seen its first sleep-medicine application of hypoglossal
nerve stimulation in the treatment of obstructive sleep apnea
[43]. So, we have indeed seen real and gratifying progress
in several areas. However, neuromodulatory approaches
remain a frontier for exploration in areas such as slow-wave
and sleep-spindle enhancement. Determining whether such
sleep-enhancement approaches are efficacious in improv-
ing sleep quality and cognition in healthy child and adult
populations and diseased patients is a significant and unful-
filled opportunity at present [47, 48]. Neuropharmacologic
approaches should also continue to progress in parallel with
future advances in sleep neurobiology and the understanding
of disease mechanisms.

This volume is organized thematically into six topical
domains that parallel the five major subspecialty areas of
contemporary clinical sleep neurology practice, as well as
the sixth topic of novel directions and opportunities. The
issue begins with an overview of the central disorders of
hypersomnolence, including narcolepsy [49], idiopathic
hypersomnia and other hypersomnia disorders [50], and the
related use of the entire broad range of stimulant and wake-
promoting pharmacotherapies. Next, the range of behavioral
therapies [51], application of light and light restriction and
melatonin therapies [52], and hypnotic pharmacotherapies
useful in insomnia [53] and Circadian sleep—wake rhythm
disorders are reviewed, followed by an overview of treatment

options for sleep-related breathing disorders including con-
tinuous positive airway pressure (CPAP [54]), advanced
positive airway pressure (PAP) modalities [55], and the
novel approach of hypoglossal neurostimulation for obstruc-
tive sleep apnea patients who are intolerant to PAP or other
therapies [56]. The parasomnias and sleep-related movement
disorders, including NREM disorders of arousal [57], REM
parasomnias (nightmares and isolated sleep paralysis [58]
and idiopathic/isolated REM sleep behavior disorder [35]),
and restless legs syndrome [59], are then discussed, and the
applications of sleep neurotherapeutics in sleep and neuro-
logical disease are then reviewed, including neurodevelop-
mental [60], epileptic [61], autoimmune encephalopathies
[62], and neurodegenerative diseases and disorders [63].
Last, the novel directions and opportunities in sleep neu-
rology offered by cannabinoid therapies [64] and machine
learning/artificial intelligence methodology [65] conclude
this comprehensive survey of contemporary sleep neurology.

This issue of Neurotherapeutics is truly the enactment of
a dream initially forged well over a year ago in Vancouver at
the World Sleep Congress. Our goal then was to assemble a
“dream team” of world-wide experts to provide a compre-
hensive, state-of-the-art survey of the clinical fields of sleep
neurology and neurotherapeutics. Would they agree? Hap-
pily, yes, and gradually, the topics took shape, and each of
our colleagues generously gave their time and brought their
energy and expertise, until this now complete volume has
emerged. We are so grateful for their manifold contributions
and hard work. We also wish to thank Drs. Greg Bergey,
Associate Editor; and M. Maral Mouradian, Editor-in-Chief;
Ms. Linda Powell, Editorial Manager; and the entire edito-
rial staff of Neurotherapeutics for their guidance, patience,
mediation, curation, and expert collation and copy editing
of these works along the way. We hope you will appreciate,
enjoy, and profit from the fruits of all of our colleagues’
labors. Most of all, we hope that you find this volume to
be a useful and inspirational support tool for the work that
matters most, your care of all our sleep neurology patients
in the clinics.
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