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(57) ABSTRACT

Methods for treating sleep disorders and for reducing a risk
associated with developing a sleep disorder in patients via
therapeutic renal neuromodulation and associated systems
are disclosed herein. Sympathetic nerve activity can con-
tribute to several cellular and physiological conditions asso-
ciated with sleep disorders as well as an increased risk of
developing a sleep disorder. One aspect of the present
technology is directed to methods for improving a patient’s
calculated risk score corresponding to a sleep disorder status
in the patient. Other aspects are directed to reducing a
likelihood of developing a sleep disorder in patients pre-
senting one or more sleep disorder risk factors. Renal
sympathetic nerve activity can be attenuated to improve a
patient’s sleep disorder status or risk of developing a sleep
disorder. The attenuation can be achieved, for example,
using an intravascularly positioned catheter carrying a thera-
peutic assembly configured to use, e.g., electrically-induced,
thermally-induced, and/or chemically-induced approaches
to modulate the renal sympathetic nerve.
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METHODS FOR TREATING SLEEP
DISORDERS IN PATIENTS VIA RENAL
NEUROMODULATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 62/528,867, filed Jul. 5,
2017; U.S. Provisional Patent Application No. 62/528,876,
filed Jul. 5, 2017; U.S. Provisional Patent Application No.
62/570,597, filed Oct. 10, 2017; and to U.S. Provisional
Patent Application No. 62/570,603, filed Oct. 10, 2017, all
of which are incorporated herein by reference in their
entireties.

TECHNICAL FIELD

[0002] The present technology relates generally to sys-
tems, devices, and methods for treating sleep disorders
and/or for reducing a risk associated with developing a sleep
disorder in patients via renal neuromodulation.

BACKGROUND

[0003] Sleep disorders are medical conditions causing
disruption to a person’s sleep quality or pattern. Depending
on the severity or the type of sleep dysfunction, the number
of symptoms and/or persistence (e.g., duration) of symp-
toms, sleep disorders can interfere with mental, physical
and/or social function in the affected person, thereby greatly
impacting quality of life. Numerous studies have demon-
strated that sleep is vital for both physical and mental
function, and sleep disorders causing, for example, lack of
sleep (e.g., insomnia) or poor sleep quality (e.g., sleep
apnea) can result in daytime fatigue, impaired cognitive
function, mood disturbances, increased rates of illness, and
depression having significant impact in professional perfor-
mance and social function. The Center for Disease Control
estimates that one third of adults in the United States are
getting insufficient sleep (e.g., short sleep duration) and the
World Health Organization estimates sleep disorders are
significantly on the rise (currently 10% of U.S. adults) with
1 in 3 people globally suffering from at least one aspect of
insomnia. In addition to physical and mental health impacts,
sleep disorders also have significant economic burden attrib-
utable to work absences and reduced productivity, as well as
direct health care costs to patients.

[0004] Sleep disorders are typically treated with a combi-
nation of medication and psychotherapy. Despite current
treatment options, however, the burden of sleep disorders
and other related mental health conditions remains high. As
sleep disorders can have severe psychological, cognitive,
physical, social and economic impact on patients as well as
families and society, there is a need for treatments that
effectively treat and/or manage sleep-related disorders,
including the severity of symptoms associated with such
disorders. Furthermore, there is a need for treatments that
effectively reduce the incidence or development of a sleep
disorder, or provide other improvements in prognosis and
outcomes for patients having, or at risk of developing, a
sleep-related disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Many aspects of the present disclosure can be
better understood with reference to the following drawings.
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The components in the drawings are not necessarily to scale.
Instead, emphasis is placed on illustrating clearly the prin-
ciples of the present disclosure.

[0006] FIG. 1 is a conceptual illustration of the sympa-
thetic nervous system (SNS) and how the brain communi-
cates with the body via the SNS.

[0007] FIG. 2 is an enlarged anatomic view of nerves of a
left kidney to form the renal plexus surrounding the left renal
artery.

[0008] FIG. 3 illustrates an intravascular neuromodulation
system configured in accordance with an embodiment of the
present technology.

[0009] FIGS. 4A and 4B are anatomic views of the arterial
vasculature and venous vasculature, respectively, of a
human.

[0010] FIG. 5 illustrates modulating renal nerves with a
neuromodulation system configured in accordance with an
embodiment of the present technology.

[0011] FIG. 6 is a block diagram illustrating a method of
modulating renal nerves in accordance with an embodiment
of the present technology.

[0012] FIG. 7 is a block diagram illustrating a method for
improving a sleep disorder risk score for a patient in
accordance with an embodiment of the present technology.
[0013] FIG. 8A is a display table illustrating results from
a study to determine the effects of renal denervation on
cortical axon density and mean norepinephrine concentra-
tion in animal subjects.

[0014] FIG. 8B is a series of graphs illustrating the
response correlation between normalized cortical axon area
vs. norepinephrine concentration and norepinephrine con-
centration vs. extent of nerve ablation along the artery of the
animal subjects of FIG. 8A.

[0015] FIG. 9 illustrates a sleep disorder risk score calcu-
lator for determining a patient’s sleep disorder risk score in
accordance with an embodiment of the present technology.

DETAILED DESCRIPTION

[0016] The present technology is directed to methods for
treating sleep disorders, managing symptoms or sequelae
associated with sleep disorders, reducing a severity of sleep
disorders, and/or for reducing a risk associated with devel-
oping a sleep disorder in patients via renal neuromodulation.
In certain embodiments, the present technology is directed
to beneficially improving one or more measurable physi-
ological parameters associated with sleep disorders in a
patient via renal neuromodulation. Other embodiments of
the present technology include performing therapeutically-
effective renal neuromodulation on a patient to reduce a
severity of neurobiological symptoms relating to a sleep
disorder. Further embodiments of the present technology
include performing therapeutically-effective renal neuro-
modulation on a patient to reduce the risk of occurrence of
a sleep disorder in at-risk patients.

[0017] In yet another embodiment, a patient having had
one or more previous episodes or diagnosis of a sleep
disorder can be treated with therapeutically-effective renal
neuromodulation to reduce a risk associated with reoccur-
rence of the sleep disorder or development of another sleep
disorder. In a particular embodiment, for example, the
patient has experienced one or more periods of sleep depri-
vation (inability to fall asleep or maintain sleep) that poses
a measurable risk for experiencing a reoccurrence or a
pattern of such symptoms, but the patient does not currently
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meet the standard for a sleep disorder diagnosis. In another
particular embodiment, the patient has had a previous, but
not current, diagnosis of a sleep disorder that poses a
measurable risk for developing the same or a different
related Axis T disorder (e.g., anxiety disorder, depression,
etc.). In some embodiments, the patient exhibits one or more
additional risk factors for the development of a sleep dis-
order following a traumatic event, life change or stressful
situation. Other embodiments of the present technology
include performing therapeutically-effective renal neuro-
modulation on a patient prior to the patient experiencing a
potentially life-debilitating or life-threatening episode. For
example, the patient may also be diagnosed with depression,
an anxiety disorder (e.g., general anxiety disorder, post-
traumatic stress disorder (PTSD), etc.) and/or other psy-
chotic disorder, have had one or more suicide attempts
during previous depressive or debilitating episodes or, in
another embodiment, the patient may also be experiencing
physical health issues related to chronic/uncontrollable
stress.

[0018] The present technology is further directed to meth-
ods for reducing an incidence of cardiovascular disease or a
cardiovascular event in patients diagnosed with a sleep
disorder. In certain embodiments, for example, the present
technology is directed to improving one or more measurable
physiological parameters associated with cardiovascular
health in the patient experiencing sleep dysfunction-associ-
ated symptoms or having a sleep disorder diagnosis via renal
neuromodulation. Other embodiments of the present tech-
nology include performing therapeutically-effective renal
neuromodulation on a patient diagnosed with a sleep disor-
der to reduce a severity of a cardiovascular condition.
Further embodiments of the present technology include
performing therapeutically-effective renal neuromodulation
on a patient diagnosed with a sleep disorder to reduce the
risk of occurrence of a cardiovascular event in such patient
in later life.

[0019] As discussed in greater detail below, therapeuti-
cally-effective renal neuromodulation can include rendering
neural fibers inert, inactive, or otherwise completely or
partially reduced in function. This result can be electrically-
induced, thermally-induced, or induced by another mecha-
nism during a renal neuromodulation procedure, e.g., a
procedure including percutaneous transluminal intravascu-
lar access.

[0020] Specific details of several embodiments of the
technology are described below with reference to FIGS. 1-9.
The embodiments can include, for example, modulating
nerves proximate (e.g., at or near) a renal artery, a renal vein,
and/or other suitable structures. Although many of the
embodiments are described herein with respect to electri-
cally-induced, thermally-induced, and chemically-induced
approaches, other treatment modalities in addition to those
described herein are within the scope of the present tech-
nology. Additionally, other embodiments of the present
technology can have different configurations, components,
or procedures than those described herein. A person of
ordinary skill in the art, therefore, will accordingly under-
stand that the technology can have other embodiments with
additional elements and that the technology can have other
embodiments without several of the features shown and
described below with reference to FIGS. 1-9.

[0021] As used herein, the terms “distal” and “proximal”
define a position or direction with respect to the treating
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clinician or clinician’s control device (e.g., a handle assem-
bly). “Distal” or “distally” can refer to a position distant
from or in a direction away from the clinician or clinician’s
control device. “Proximal” and “proximally” can refer to a
position near or in a direction toward the clinician or
clinician’s control device.

I. SLEEP DISORDERS

[0022] Sleep disorders can be categorized as dyssomnias,
parasomnias, circadian rhythm sleep disorders involving the
timing of sleep, and other disorders caused by medical or
psychological conditions. Dyssomnias are characterized by
either hypersomnia or insomnia, but also include sleep
disordered breathing (e.g., sleep apnea, snoring, upper air-
way resistance syndrome), restless leg syndrome (i.e., irre-
sistible urge to move legs), and periodic limb movement
disorder (i.e., sudden involuntary movement of arms and/or
legs during sleep). Insomnia is characterized by chronic
difficulty in falling asleep and/or maintaining sleep. Hyper-
somnia, or excessive sleepiness, is a condition in which the
patient has trouble staying awake during the day, even at
inappropriate times/places (e.g., while at work, while driv-
ing). Hypersomnia may be result of narcolepsy or may be
due to fatigue associated with disrupted sleep during the
night (e.g.. conditions associated with insomnia, sleep dis-
ordered breathing, restless leg syndrome, periodic limb
movement, etc.).

[0023] Parasomnias are a category of sleep disorders that
are characterized by abnormal behavioral, experiential or
physiological events that occur during sleep or sleep-wake
transitions, such as, bedwetting, sleep terrors, sleep walking,
sleep talking, and sleep-related eating, among others.

[0024] Circadian rhythm sleep disorders include delayed
sleep phase disorder (e.g., typical sleep pattern is delayed by
two or more hours at night), advanced sleep phase disorder
(e.g., typical sleep pattern causes early rising and difficulty
with sleepiness later in the day), and non-24-hour sleep-
wake disorder (e.g., individual’s sleep patterns don’t align
with a 24 hour clock and constantly have shifting sleep
schedules). In all cases of circadian rhythm sleep disorders,
the disorders impact daytime function when the individual
attempts to conform to conventional sleep schedules for
work or social situations.

[0025] Medical or psychological conditions that can cause
or contribute to sleep disorders include, for example, anxiety
disorders (including, e.g., a fear of falling asleep), depres-
sion, alcoholism, psychosis (e.g., Schizophrenia), and sleep-
ing sickness (i.e., parasitic disease). Additional causes of
sleep disorders or sleep-related symptoms may accompany
or be due to diseases or illnesses such as, for example,
thyroid disorders, cardiovascular disease, stroke, obesity,
metabolic disorders (e.g., diabetes), menopause, autoim-
mune disorders, and brain degenerative diseases (e.g., Par-
kinson’s disease, multiple sclerosis, dementia, Huntington’s
disease) and well as brain trauma (e.g., traumatic brain
injury (TBI)).

[0026] Persons with chronic (e.g., greater than 3 months),
unpredictable and/or uncontrollable sleep-related symptoms
(e.g., narcolepsy), as well as other sleep disruptive disorders
(e.g., insomnia, sleep apnea, circadian rhythm disorders,
parasomnias) report difficulties with work, school, home,
relationships and/or social activities, and numerous studies
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have also shown that persons with a sleep disorder have
more functional limitations than those without a sleep dis-
order.

[0027] As used herein, “sleep disorder” refers to any form
of sleep disorder or illness associated with disruptions in
sleep patterns or sleep quality experienced by an individual
and persisting for several weeks or months (e.g., 1 month, at
least three months), and/or in which one or more sleep
quality screening tools or instruments are used to give a
professionally-accepted diagnosis.

[0028] As there are several forms of sleep disorders that
are distinguished by a spectrum of symptom types and
severity as well as the persistence of the disorder in an
affected individual, clinically-accepted diagnosis of a sleep
disorder, may be found in the American Psychiatric Asso-
ciation defines the criteria in its Diagnostic and Statistical
Manual of Mental Disorders (DSM-5). While occasional
sleep disruption (i.e., difficulty falling asleep, waking during
the night) and sleep deprivation (i.e., jet lag, work schedule
changes) are normal and/or can accompany periods of acute
stress or result from a life event or circumstance, a sleep
disorder can be characterized by symptoms that are exces-
sive and/or non-temporary (e.g., longer than three months,
age inappropriate, causing injury to the individual or others,
hinder ability to function appropriately, etc.). In some situ-
ations, patients can be afflicted with more than one sleep
disorder. In all forms of sleep disorders, however, affected
and/or susceptible individuals may develop ongoing
(chronic), short-term (acute) or recurring sleep dysfunction-
associated episodes with potential for debilitating mental
and physical health outcomes.

[0029] As discussed above, diagnosis of a sleep disorder is
based on the identification of the clinical criteria (e.g.,
symptoms and signs) as set forth in DSM-5. Clinicians and
other mental health practitioners typically use convention-
ally accepted diagnostic test methods, such as screening
tools (e.g., for use during diagnostic interviews, patient
health questionnaires, etc.) or sleeping tests for identifying
sleep disorder risk, severity and diagnosis. These screening
tools are typically focused on core symptoms as set forth in
DSM-5, but some screening tools provide further diagnostic
capability to determine symptom severity, various specifiers,
and/or other risk factors. For example, severity is typically
determined by the degree of disability (e.g., cognitive,
physical, social, occupational, etc.) or pain experienced by
the patient as well as the duration of the symptoms. These
screening tools are also designed to differentiate sleep
disorders from other mental disorders (e.g., depressive dis-
orders). For example, patients can be diagnosed with a sleep
disorder and/or a measure of sleep disorder severity can be
determined using the Pittsburgh Sleep Quality Assessment
(PSQI), the Epworth Sleepiness Scale (ESS), Iowa Sleep
Disturbances Inventory (ISDI), Morningness-Eveningness
Questionnaire (MEQ), or a Visual Analogue Scale for Sleep
Quality (VAS). Other questionnaires combine anxiety and
depression measurement, such as the Hamilton Anxiety
Rating Scale, the Hospital Anxiety and Depression Scale
(HADS), and the Patient Health Questionnaire (PHQ-ADS),
Laboratory or at-home sleep tests utilizing sensors for
detecting patient’s brain waves, electroencephalograms
(EEG), muscle activity and eye movements for assessing
sleep patterns and sleep quality can include the Multiple
Sleep Latency Test (MSLT) or a multi-parametric test such
as polysomnography test that can test for additional param-
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eters, such as heart rhythm by electrocardiogram (ECG),
respiratory airflow, peripheral pulse oximetry, etc. As dis-
closed herein, such screening tools can be used to provide a
risk score for predicting a patient’s sleep disorder status with
respect to disorder diagnosis, sleep disorder severity and/or
identifying at-risk populations.

[0030] Certain risk factors have been identified that may
make an individual more likely (e.g., increase a risk) to
develop a sleep disorder during their lifetime. For example,
some identified risk factors for increasing a likelihood of
developing a sleep disorder include having a family history
and/or personal history of a sleep disorder, depression, an
anxiety disorder or other mental illness, experiencing
adverse life events (e.g., illness, abuse, loss of a loved one,
unemployment, psychological trauma, etc.), having experi-
enced prior traumatic events, being a childhood survivor of
abuse, experiencing trauma during childhood, experiencing
parental loss or separation, having a history of substance
abuse, having a history of eating disorder, experiencing a
difficult relationship, being in a stressful situation, experi-
encing a major life change, experiencing an extended period
of stress (e.g., chronic stress), a smoker, and physically
inactive, among others.

[0031] Patients presenting with a sleep disorder may also
experience other adverse mental and physical diseases and
disorders. For example, sleep disorders have high comor-
bidity with mental disorders such as major depressive dis-
order, substance and alcohol abuse, and suicidal tendencies.
Further, cardiovascular disease, stroke, hypertension, obe-
sity (e.g., high body mass index (BMI)), cancer, chronic
kidney disease, female infertility, osteoporosis, and meta-
bolic disorders, such as type 2 diabetes, among others are
also highly comorbid with sleep disorders (Huang, S T,
et.al., Medicine, 2015, 94:1-7, Chung, W S, et al., Sleep,
2013, 12: 1963-1968; Rizzi, M., et al., J Clin Transl Endo-
crinol, 2014, 1:44-48). Without being bound by theory, it is
possible that sleep disorders share underlying neuroendo-
crine, metabolic and other psychophysiological patterns
with these other disorders that either increase risk for the
development of a sleep disorder or reduce treatment success
and/or increase risk for the development of these additional
conditions.

[0032] A. Biophysical Characteristics of Individuals With
Sleep Disorders

[0033] Sleep disorders belong to a mental disorder cat-
egory encompassing complex and multifactorial disorders
that are thought to be caused by many contributing factors.
The underlying neurobiological and metabolic mechanisms
or etiology of sleep disorders are uncertain and/or may vary
depending on the category of sleep disorder; however,
evidence suggests that psychological, genomic and other
biological risk factors are present in patients identified with
sleep disorders. Moreover, neurobiological heterogeneity in
monoaniinergic transmitter systems, the hypothalamic-pitu-
itary-adrenal (HPA) axis, metabolic hormonal pathways,
inflammatory mechanisms, and psychophysiological reac-
tive and neural circuits have been demonstrated between
individuals diagnosed with sleep disorders and healthy indi-
viduals (Irwin, M. R., et al., Biol Psychiatry, 2016, 80:
40-52; Buckley, T. M., and Schatzberg, A. F., J Clin Endo-
crinol Med, 2005, 90: 3106-3114). In addition to differences
between individuals diagnosed with a sleep disorder and
healthy individuals, those who do meet the criteria for a
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diagnosis of a sleep disorder can vary in the severity of their
symptoms as well as the type of symptoms they experience.
[0034] Psychological stress, including chronic stress, can
have deleterious effects on the brain’s neural circuits as well
as whole-body physiological states, and is a crucial factor
underlying mental disorders, with variation in stress suscep-
tibility, responsivity and resilience providing variances in
disorder presentation and severity (Halaris, A., Curr Topics
Behav Neurosci, 2017, 31:45-70). The neuro-hormonal sys-
tems that play a critical role in stress responses and homeo-
stasis include the HPA axis and noradrenergic systems. The
noradrenergic system includes a dense network of axons that
extend from the locus coeruleus in the brain stem throughout
the brain including the hippocampus, amygdala, thalamus
and hypothalamus, as well as projections that extend down
the brain stem to synapse with sympathetic nerve fibers in
the thoracic region.

[0035] Correlative links have been implicated between a
variety of mood and cognitive disorders and chronic or
prolonged hyperactivity of the sympathetic branch of the
autonomic nervous system. As shown in FIG. 1, the SNS is
a branch of the autonomic nervous system along with the
enteric nervous system and parasympathetic nervous sys-
tem. The SNS is primarily an involuntary bodily control
system typically associated with stress responses. It is
always active at a basal level (called sympathetic tone) and
becomes more active during times of stress. Fibers of the
SNS extend through tissue in almost every organ system of
the human body. For example, some fibers extend from the
brain, intertwine along the aorta, and branch out to various
organs. As groups of fibers approach specific organs, fibers
particular to the organs can separate from the groups. The
SNS regulates the function of virtually all human organ
systems by localized release of catecholamines (e.g., nor-
epinephrine) from sympathetic nerve terminals innervating
these tissue and organ systems, spillover of norepinephrine
from vascular neuro-muscular junctions (the primary source
of norepinephrine in plasma), and by systemic circulation of
catecholamines (e.g., epinephrine, norepinephrine) released
from the adrenal gland in response to acute, transient stress
or threats. Long-term variations in basal levels, increases in
basal levels due to aging, as well as spikes of circulating
catecholamines from hyperactivity of the SNS responding to
life circumstances can also exert more enduring regulatory
effects on gene expression by altering constitutive gene
expression profiles in a wide variety of tissues and organ
systems.

[0036] In addition to release of norepinephrine from sym-
pathetic nerve terminals innervating these tissue and organ
systems, perivascular adipose tissue, which closely sur-
rounds most blood vessels (except in the brain), has been
shown to contain pools of norepinephrine. Renal perivascu-
lar adipose tissue, in particular, can release stored norepi-
nephrine, thereby altering renal vascular function and con-
tributing to spillover of norepinephrine to plasma.

[0037] Once released, norepinephrine binds adrenergic
receptors on peripheral tissues. In addition, activation (e.g.,
norepinephrine release) of noradrenergic nuclei in the cen-
tral nervous system (CNS) can result from transmitted
impulses from activated afferent renal sympathetic neurons.
Binding to adrenergic receptors either in the periphery or in
the CNS causes a neuronal and hormonal response. The
physiologic manifestations include pupil dilation, increased
heart rate, occasional vomiting, and increased blood pres-
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sure. Increased sweating is also seen due to binding of
cholinergic receptors of the sweat glands. It is known that
long-term SNS hyperactivity has been identified as a major
contributor to the complex pathophysiology of hypertension,
states of volume overload (such as heart failure), and pro-
gressive renal disease, both experimentally and in humans.
Moreover, correlative links between activation of the SNS
and systemic inflammation, arterial stiffness, atherosclero-
sis, metabolic disorders, insulin resistance, and other car-
diovascular conditions have been established. As mentioned
above, many of these conditions are comorbid with sleep
disorders.

[0038] Increased levels of catecholamine (e.g., norepi-
nephrine) spillover and secretion are associated with sleep
disorders. For example, higher levels of circulating cat-
echolamines, such as norepinephrine (in the periphery and
central nervous systems), have been reported in sleep dis-
orders including sleep apnea and non-apnea sleep disorders
(e.g., insomnia); and an activated noradrenergic system is
implicated in psychological stress, which is one of the
primary risk factors for sleep disorder development. Without
being bound by theory, this suggests that increased SNS
activity is present in sleep disorder patients.

[0039] Other indicators of increased SNS tone in patients
with sleep disorders include elevations in heart rate, blood
pressure, skin conductance, and platelet activation as well as
a decrease in heart rate variability (e.g., a measure of
beat-to-beat fluctuations in heart rate). In contrast, healthy
individuals that do not meet the criteria for a sleep disorder
may exhibit significantly lower plasma catecholamine levels
and may not display other indicators of elevated SNS
activity.

[0040] Without being bound by theory, increased levels of
norepinephrine can account for many aspects of sleep dis-
order-associated symptoms, including sleep disturbances
(e.g., difficulty in falling asleep, waking in the middle of the
night or early morning, waking to use the bathroom, snoring
and/or coughing, unable to breath comfortably, too cold or
hot, experiencing bad dreams, experiencing pain, and expe-
riencing restless legs before or during sleep), difficulty
staying awake during the day, experiencing difficulty in
maintaining enthusiasm in activities or hobbies, impaired
concentration, irritability, and feelings of sadness or anx-
iousness. Hyperactive SNS activity in patients with sleep
disorders would also present an on-going challenge to
treatment success as levels of norepinephrine increase or
spike in response to stressors and/or worsening psychologi-
cal stress in these individuals.

[0041] Individuals with sleep disorders also exhibit altered
HPA axis function as evidenced by elevated levels of cor-
ticotropin-releasing hormone (CRH) and increased noctur-
nal CRH activity, which initiates stimulation of the HPA axis
in response to stress (e.g., psychological stress, etc.) (Buck-
ley, T. M., and Schatzberg, A. F., J Clin Endocrinol Med,
2005, 90: 3106-3114). Hyperactivity of the HPA axis as well
as higher circulating cortisol (i.e., glucocorticoid) levels
compared to healthy controls (e.g., patients without sleep
disorders) also exemplify HPA axis dysfunction in remitted
as well as currently diagnosed patients (Id.). Decreased
responsiveness to glucocorticoids (e.g., glucocorticoid resis-
tance) and subsequent HPA axis dysfunction is a hallmark of
major depression (Miller, A. H., et al., Biol Psychiatry, 2009,
65: 732-741), and may also be in related disorders (e.g.,
sleep disorders). Alterations to HPA axis function, both



US 2019/0008577 A1l

reflecting a current mood state as well as long lasting
changes to brain function, may be mediated, in part, by
alterations in the glucocorticoid receptor. In particular, it has
been demonstrated that patients with depression, anxiety and
sleep disorders exhibit reduced glucocorticoid sensitivity,
preferential expression of a dominate negative form (GR-f)
of the glucocorticoid receptor, and increased levels of
FKBPS, which is a co-chaperone of the glucocorticoid
receptor that inhibits ligand binding and pathway activation
(Menke, A., et al., Genes, Brain and Behav, 2013, 12:
289-296; Spijker, A. T. and van Rossum, E. F. C., Neuroen-
docrinology, 2012, 95:179-186; Miller, A. H,, et al., Biol
Psychiatry, 2009, 65: 732-741). Without being bound by a
theory, an individual’s level of chronic exposure to stress,
and thereby cortisol exposure, in brain regions associated
with emotion and cognition (e.g., the limbic system), may be
important in the development or prediction of future risk of
a sleep disorder in the individual, and this additional major
stress response system may determine longer-term patterns
of stress responses in sleep disorder patients (Wang, 7 I, et
al., Nature Scientific Reports, 2015, 5: 9442).

[0042] CRH and norepinephrine are known to interact in
regions of the brain involved in stress responses to increase
fear conditioning, interfere in emotional response, cognition
and encoding of emotional memories (Jedema, H. P. and
Grace, A. A., J Neurosci, 2004, 24:9703-9713). Further
reinforcing a prolonged psychological stress response and
the pathophysiology of sleep disorders, CRH is elevated in
the locus coeruleus of sleep disorder patients and has been
shown to activate neurons in the locus coeruleus which
would result in increased norepinephrine levels throughout
the CNS (Wang, 7 I, et al., Nature Scientific Reports, 2015,
5: 9442; Buckley, T. M., and Schatzberg, A. F., J Clin
Endocrinol Med, 2005, 90: 3106-3114).

[0043] Neuropeptide Y (NPY), a 36-amino-acid peptide
transmitter that is expressed in brain regions that regulate
stress and emotional behaviors, has shown to buffer stress
responses and promote increased ability to cope with emo-
tional trauma (Enman, N. M., et al., Neurobiol Stress, 2015,
1:33-43; Sah, R. and Geracioti, T. D., Mol Psychiatry, 2013,
18:646-655). In particular, central nervous system NPY
concentration levels may normally control or suppress pro-
stress transmitters such as CRH and norepinephrine in the
brain (Id.). However, both central and peripheral nervous
system NPY concentrations are significantly lower in indi-
viduals with sleep and mood disorders when compared to
healthy controls (Id.), possibly attenuating the individuals’
resilience and coping ability in response to psychological
stress. Without being bound by theory, and since NPY
functions to inhibit CRH and norepinephrine promotion of
stress and fear responses, as well as reduces the release of
norepinephrine from sympathetic neurons, decreased NPY
activity may contribute to SNS hyperactivity in patients with
sleep disorders.

[0044] An additional physiological characteristic associ-
ated with a sleep disorder includes a pro-inflammatory state,
including chronic inflammation (Irwin, M. R., et al., Bio/
Psychiatry, 2016, 80: 40-52; Buckley, T. M., and Schatzberg,
A. F., J Clin Endocrinol Med, 2005, 90: 3106-3114). For
example, elevated levels of inflammatory cytokines, such as
interleukin-6 (IL-6), IL-8, tumor necrosis factor-alpha
(TNF-c.) as well as other inflammatory markers, such as
C-reactive protein (CRP), are elevated in individuals with a
sleep disorder, and peripheral levels of these inflammatory
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markers correlate positively with sleep disorder symptom-
ology (e.g., fatigue, cognitive dysfunction, impaired sleep)
(1d.). Moreover, higher levels of inflammatory biomarkers
are associated with exacerbated sleep disorder symptoms,
and without being bound by theory, may pose an increased
risk in the development of a sleep disorder.

[0045] Sleep disorders are also associated with increased
activation of the transcriptional factor, nuclear factor-kB
(NF-kB), which is activated by exposure to psychosocial
stress and sympathetic nervous system outflow pathways,
and is responsible for cytokine production (Irwin, M. R., et
al., Biol Psychiatry, 2016, 80: 40-52). Cytokine-induced
increases in neural activity in brain regions, such as the
anterior cingulated cortex and the basal ganglia, have been
associated the development of mood and anxiety symptoms,
and are associated with alterations in brain neurotransmitter
metabolism (e.g., serotonin, norepinephrine and dopamine),
neuroendocrine function and neural plasticity (Id.). For
example, cytokine-induced immune responses have shown
to increase the number of reuptake pumps, thereby decreas-
ing neurotransmitter availability, and shunting tryptophan
away from the production of serotonin in the brain. Without
being bound by theory, increased SNS activity coupled with
reduced sensitivity to the anti-inflammatory effects of glu-
cocorticoids (e.g., due to glucocorticoid resistance) as a
result of chronic psychological stress, both contribute to
chronic activation of inflammatory responses.

[0046] Currently prescribed treatment plans for patients
diagnosed with sleep disorders typically consist of pharma-
ceutical drugs and/or psychotherapy. Conventional drug
therapies are administered to address particular symptoms
associated with sleep disorders in attempts to lessen those
particular symptoms. For example, sleeping medications,
such as insomnia medications (e.g., temazepam, triazolam,
zaleplon, zolpidem, etc.), anti-anxiety medication (e.g., ben-
zodiazepines, buspirone, f-blocker, etc.), antidepressants
(e.g., selective serotonin reuptake inhibitors (SSRIs) that
raise the level of serotonin in the brain, tricyclic antidepres-
sants, monoamine oxidase inhibitors (MAOIs), etc.), anti-
psychotic drugs, anti-hypertensive drugs, mood stabilizers,
etc., may provide mild to moderate and/or temporary relief
from sleep-related symptoms, anxiety-related symptoms,
cognitive and/or memory difficulties, etc. However, most
patients do not get adequate treatment and for many patients,
medications are ineffective. Moreover, drug adherence over
several years or decades in a manner than maintains sleep
quality, mood, anxiety disorder-related symptoms, blood
pressure, etc., remains a challenge for most patients. For
many patients, improvements may not be apparent until after
up to 4 or more weeks of drug treatment, causing delays in
ascertaining whether the prescribed drug or drug combina-
tion is suitable for the particular patient. Furthermore, some
medications do not work or stop working effectively over
time, and some become addictive and/or cause other intol-
erable side effects. Additional drawbacks to use of drugs for
treating a patient with a sleep disorder include the possi-
bilities of adverse reactions associated with these medica-
tions (e.g., heart failure, hypotension, bradycardia, severe
depressive episodes, suicide ideation, sexual dysfunction,
weight gain or unhealthy weight loss, death, etc.), as well as
other undesirable side-effects, on a patient-by-patient basis.
[0047] Additionally, pharmaceutical intervention for other
contributors and risk factors associated with sleep disorders
further complicates drug administration and management of
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contraindications between anti-inflammatory medications,
anti-hypertensive drugs, anti-anxiety drugs, antidepressant
drugs, mood stabilizers among others administered to sup-
port patients with sleep disorders, and adherence over years
remains a challenge. Various psychotherapy treatments can
be prescribed in combination with a medication plan or as a
stand-alone treatment. While psychotherapy (e.g., cognitive-
behavioral therapy, interpersonal therapy, etc.) may provide
some patients with skills in new ways of thinking and
behaving, it may not be effective for more severe forms of
sleep disorders such as insomnia, sleep apnea (e.g., obstruc-
tive sleep apnea), narcolepsy, among others. Some patients
with severe or medication adverse and/or resistant disorders
may be treated with several sessions of electroconvulsive
therapy, phototherapy, deep brain stimulation and others
with mixed results. Various aspects of the present technol-
ogy address SNS effects on risk factors associated with sleep
disorders while overcoming these challenges.

[0048] B. Risk Factors Associated With Development of
Sleep Disorders and/or Related Conditions

[0049] As discussed above, sleep disorders are psycho-
physiological disorders encompassing dysregulation of
complex neuro- and hormonal-biochemical pathways that
are known to be caused by many contributing factors. While
many biomarkers distinguishing patients with a sleep dis-
order and healthy individuals demonstrate heterogeneity
following pathogenesis in an individual, certain earlier-
identifiable conditions as well as genetic and/or biophysical
variances in a patient are recognized as being either con-
tributory factors and/or predictors of a likelihood that a
patient will develop a sleep disorder or, in the case of
remitted patients, a likelihood that the patient will redevelop
the same sleep disorder or develop a different sleep disorder.
In particular, many underlying conditions, genetic variances
and other abnormalities detectable in individuals either prior
to the development of a sleep disorder or during remittance,
may affect the likelihood of the individual subsequently
developing one or more sleep disorders. Such underlying
conditions and genetic/biophysical variances constitute
sleep disorder predictors or risk factors.

[0050] As discussed above, some identified risk factors for
increasing a likelihood of developing a sleep disorder
include certain demographic variables such as, for example,
smoking, drug or alcohol abuse, being overweight, and
being physically inactive. Additionally, it has been shown
that if the patient has a history of sleep disorders, mental
illness or substance abuse, has a family history of sleep
disorders, depression or other mental illness, has experi-
enced one or more adverse life events (e.g., illness, abuse,
loss of a loved one, unemployment, psychological trauma,
etc.), has or is experiencing a difficult relationship, has
experienced prior traumatic events, has had an adverse
childhood experience, is currently in a stressful situation,
has or is experiencing a major life change, or has or is
experiencing an extended period of stress (e.g., chronic
stress), among others, the patient has an increased likelihood
of developing a sleep disorder.

[0051] Without being bound by theory, increased SNS
activity in the patient as a result of psychological and/or
other forms of chronic stress can predispose the individual
to developing a sleep disorder. For example, chronic stress
has been shown to alter neural circuits and structures in the
brain (e.g., hippocampus, prefrontal cortex, etc.) (Pitman, R.
K., et al., Nat Rev Neurosci., 2012, 13: 769-787) that may
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increase the individual’s sensitivity to contextual threat.
Such sensitization of the SNS may be responsible for higher
heart rates during a subsequent exposure to a trigger, stress-
ful situation or a traumatic event, which may be a predictive
risk for future development of a mood disorder accompanied
by a sleep disturbances. Moreover, lower heart rate variabil-
ity characterizes sleep disorders and may also be predictive
of sleep disorder development. In certain embodiments,
prior exposure to trauma (e.g., childhood abuse, prior sexual
abuse, prior combat experience, etc.) may increase the
individual’s sensitization of the SNS, thereby lowering the
threshold barriers for the development of a sleep disorder.

[0052] While there is evidence for the presence of SNS
hyperactivity in patients presenting with a sleep disorder,
there is further evidence that a strong adrenergic response to
a traumatic event or other adverse life circumstance may
mediate or in part contribute to the development of a sleep
disorder in certain individuals. Some biochemical induce-
ments of the increase in norepinephrine release in response
to SNS activation include genetic and/or other inhibition
paths that lower NPY levels, as well as lower numbers or
affinity of a2-adrenergic receptors (Pitman, R. K., et al., Nat
Rev Neuwrosci., 2012, 13: 769-787; Sherin, J. E., et al.,
Dialogues Clin Neurosci, 2011, 13: 263-278). Additionally,
there is evidence that a pro-inflammatory state (e.g., as
indicated by increased levels of inflammatory cytokines)
may increase risk or vulnerability for development of a sleep
disorder particularly when patients present with chronic
stress. For example, it has been shown that increased levels
of CRP (e.g., greater than about 3 mg/L; greater than about
5 mg/L; etc.) were predictive of psychological distress and
depression, and without being bound by theory, elevated
levels of CRP can present as an additional risk factor that can
establish a predictive risk for the development of a sleep
disorder (Irwin, M. R., et al., Biol Psychiatry, 2016, 80:
40-52; Buckley, T. M., and Schatzberg, A. F., J Clin Endo-
crinol Med, 2005, 90: 3106-3114).

[0053] Correlative links between activation of the SNS
and high blood pressure, coronary heart disease, stroke,
systemic inflammation, arterial stiffness, endothelium dys-
function, atherosclerosis, metabolic disorders, insulin resis-
tance, end organ damage, obesity (e.g., high body mass
index (BMI)), and other cardiovascular conditions have also
been established. As discussed above, these conditions/
diseases have further been shown to be correlative with an
incidence of sleep disorders. As such, it is posited that these
conditions/diseases, which are indicative of chronic activa-
tion of SNS, present as risk factors that can establish a
predictive risk for the development of a sleep disorder. In
fact, sleep disorders are more prevalent in people who have
suffered a major cardiac event. Strokes (e.g., acute ischemic
stroke, lacunar stroke, transient ischemic attack (TIA), hem-
orrhagic stroke, etc.) are also highly associated with the
development of a sleep disorder (e.g., insomnia, sleep
apnea), and post-stroke sleep disorders are associated with
increased morbidity and mortality in such patients.

[0054] Additionally, with respect to blood pressure regu-
lation, the nocturnal blood pressure of healthy individuals
drops or “dips” more than 10% of the average daytime blood
pressure value, which is followed by an increase in blood
pressure with arousal from sleep, known as the morning
surge in blood pressure (MSBP). In contrast, “elevated,” i.e.
limited drops in blood pressure during the nighttime (e.g,,
nighttime blood pressure reduction that is less than 10% of
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average daytime blood pressure) as well as excessive surge
in MSBP (e.g., early morning hours), is associated with an
increased risk of cardiovascular events and strokes even in
normotensive patients (FitzGerald, L., et al., J Hum Hyper-
tens, 2012, 26: 228-235; Kario, K. and Hamasaki, H., J Clin
Hypertens, 2015, 17: 682-685). Sleep disorders correlate
with higher MSBP and the increase in MSBP is proportional
to the severity of the sleep-related symptoms and is irre-
spective of “dipping” status (Id.). Men and older populations
of patients further demonstrate “non-dipping” nocturnal
blood pressure which is further associated with more sleep-
related symptoms and poorer overall sleep quality as well as
increased risk in cardiovascular events (Id.). Psychological
risk factors, such as depression and anxiety, are reported to
influence cardiovascular events and to impact hypertension,
and excessive MSBP and/or “non-dipping” nocturnal blood
pressure may be risk factors for the development and/or the
severity for hypertension, cardiovascular disease and stroke.
Moreover, excessive MSBP and/or “non-dipping” nocturnal
blood pressure may be risk factors for the development or
progression of sleep disorders in such patients.

[0055] In addition to chronic and/or acute SNS hyperac-
tivity, increased glucocorticoid (e.g., cortisol) levels, and
HPA axis dysfunction, e.g., as a measurement of basal
cortisol levels in response to awakening as an indicator for
endogenous stress response, provide additional risk factors
that can be considered in establishing a predictive risk
assessment for the development of a sleep disorder in a
patient (Buckley, T. M., and Schatzberg, A. F., J Clin
Endocrinol Med, 2005, 90: 3106-3114). For example, and
without being bound by theory, an abnormally high mea-
surement of cortisol awakening rise (CAR), which reflects
the natural response to awakening with a normal/natural
increase in cortisol levels, may not only be characteristic of
patients with a sleep disorder, but can be predictive for
developing a sleep disorder, and thereby provides an addi-
tional risk factor of subsequent sleep disorder development.
Without being bound by theory, it is thought that high levels
of cortisol resulting in glucocorticoid resistance and
increased HPA axis activity fails to inhibit CRH/norepineph-
rine responses to stress and further exacerbates cognitive
dysfunction (e.g., memory deficits, inability to concentrate)
and sleep-related symptoms in these individuals.

[0056] In addition to predisposition factors associated
with activation of the SNS and other demographic risk
factors, certain genetic variations among individuals have
also been shown to be predictive risk factors for the devel-
opment of sleep disorders. Some of these genetic risk factors
are common to both major depressive disorder, anxiety
disorder and sleep disorders. For example, genes that affect
risk for development of a sleep disorder may also influence
risk for other psychiatric disorders and vice versa. As with
other mental disorders, influences on sleep-related disorders
are likely polygenic; at least 17 single nucleotide polymor-
phisms (SNPs) in 15 different genomic regions have been
associated with depression and related psychiatric disorders
in at least one published study (Hyde, C. L., et al., Nature
Genet, 2016, 48: 1031-1036). These and other genetic
variants demonstrated to influence risk for anxiety, depres-
sion, and associated sleep disturbance symptoms include
genes involved in HPA axis regulation, the locus coeruleus/
noradrenergic system, dopaminergic and serotonergic sys-
tems (e.g., regulation of synapses, monoamine metabolism,
etc.) and other neurodevelopment programs (Hyde, C. L., et
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al., Nature Genet, 2016, 48: 1031-1036; Converge Consor-
tium, Nature, 2015, 523: 588-591; Miller, A. H., et al., Biol
Psychiatry, 2009, 65: 732-741).

[0057] With respect to HPA axis regulation, several known
genetic variations in the glucocorticoid receptor gene,
NR3C1, affect glucocorticoid sensitivity (Spijker, A. T. and
van Rossum, E. F. C., Neuroendocrinology, 2012, 95:179-
186). For example, the ER22/23EK polymorphism, which is
associated with mild glucocorticoid resistance, and the Be/l
polymorphism, which is associated with increased stability
of the mRNA of the dominant negative GR-3 isoform, are
both associated with a higher risk of developing a mood and
related disorders (Id.). Additionally, carriers of particular
heritable polymorphisms in the genes encoding for FK506-
binding protein 5 (FKBPS; co-chaperone of the glucocorti-
coid receptor that inhibits ligand binding and pathway
activation) leading to increased intracellular FKBP5 protein
expression, the CRH receptor 1 (CRHR1 rs242939 poly-
morphism), and serotonin transporter (SLC6A4; responsible
for serotonin transport and reuptake) have been shown to be
overrepresented in patients with depression, and carriers of
these genetic variants have an increased likelihood of devel-
oping some types of sleep disorders (Mahan, A. L. and
Ressler, K. I., Trends Neurosci, 2012, 35: 24-35; Pitman, R.
K., et al., Nat Rev Neurosci., 2012, 13: 769-787; Spijker, A.
T. and van Rossum, E. F. C., Neuroendocrinology, 2012,
95:179-186; Miller, A. H., et al., Biol Psychiatry, 2009, 65:
732-741).

[0058] Further evidence has suggested that in addition to
genotype, epigenetic factors such as gene methylation, his-
tone deacetylation, and other gene expression differences
can influence or accompany the development of sleep and
other mental disorders, and these genetic profiles can be
screened to determine patients presenting certain genetic
pre-dispositions associated with high or increased risk of
developing a sleep disorder (Spijker, A. T. and van Rossum,
E. F. C., Neuroendocrinology, 2012, 95: 179-186; Mahan, A.
L. and Ressler, K. 1., Trends Neurosci, 2012, 35: 24-35;
Pitman, R. K., et al., Nat Rev Neurosci., 2012, 13: 769-787).

[0059] Once a clinical sleep disorder is present, a host of
physiological changes occur in the patient, including SNS
and immune system activation/hyperactivation, neuroendo-
crine changes, rhythm disturbances, oxidative stress, platelet
hypercoagulability and endothelial dysfunction, all of which
exert a negative impact on cardiovascular health. As dis-
cussed above, sleep and other mental disorders are charac-
terized by, among other things, elevated SNS activity,
reduced heart rate variability, increased plasma cortisol
levels and elevated inflammatory responses, all of which are
associated with increased risk of cardiovascular disease
(Brown, A. D, et al., CNS Drugs, 2009, 23:583-602). In
particular, psychological stress accompanying a sleep dis-
order causes dysregulation of the SNS and the HPA axis
which can precipitate numerous downstream physiological
effects throughout the body, including hypertension, left
ventricular  hypertrophy, coronary  vasoconstriction,
endothelial dysfunction, platelet activation and the produc-
tion of pro-inflammatory cytokines, all of which carry an
elevated risk of ventricular arrhythmias and MI. Addition-
ally, sleep disorders (e.g., both sleep apnea and non-apnea
sleep disorders) have been shown to be associated with
increased morbidity and mortality in patients having cardio-
vascular disease (Wang, W S, et al., Sleep, 2013, 36:1963-
1968). Without being bound by theory, mental stress (which
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accompanies and/or precipitates sleep disorders) has been
shown to activate cardiac sympathetic nerves with down-
stream effects of heart rhythm disturbances, increased risk of
ventricular arrhythmias, decreased blood flow, left ventricu-
lar hypertrophy, MI and sudden death. Furthermore, essen-
tial hypertension can be triggered by and maintained by
chronic psychological stress. Accordingly, sleep disorders
are a risk factor for the development of cardiovascular
disease and stroke, with the relative risk level proportional
to the severity of disorder in the patient. Furthermore, sleep
disorders in patients significantly increase future risk of
stroke and transient ischemic attacks (TI1As), with higher
levels of sleep-related symptoms proportional to the
increased risk of stroke and TIA (Huang W S, et al., Sleep
Med, 2013 14: 1341-1347). Excess stroke and TIA risk
associated with sleep disorders may stem from activation of
the HPA axis, elevated catecholamines, and elevated inflam-
matory responses (e.g.. increased CRP, IL-6, etc.) which are
all related to stroke risk.

[0060] C. Identification of Patients or Cohorts Diagnosed
With a Sleep Disorder or at Risk of Developing a Sleep
Disorder

[0061] Patients presenting with a high likelihood of hav-
ing a sleep disorder can include patients presenting with one
or more of (1) sleep dysfunction-associated symptoms (e.g.,
difficulty in getting to sleep, difficulty in maintaining sleep,
snoring loudly, having bad dreams, feeling too hot or cold,
having difficulty breathing comfortably while sleeping,
experiencing night pain, requiring medication to sleep,
drinking alcohol to fall asleep, feeling fatigued or sleepy
while driving or eating meals or engaging in social activities,
sleepwalking, impaired concentration, excessive sleeping
(e.g., hypersomnia), and irritability), (2) family history of
depression, anxiety disorder or other mental illness, (3) prior
diagnosis of an acute or chronic stress disorder, (4) prior
diagnosis of any mood disorder (e.g., depression, anxiety,
bipolar, panic disorder, etc.), and/or (5) depression symp-
toms (e.g., depressed mood for most of the day, anhedonia,
psychomotor agitation or retardation nearly every day,
anergia, poor appetite or overeating, low self-esteem or
feelings of worthlessness, changes in cognitive ability, and/
or negative feelings about self or the world). Patients dem-
onstrating certain risk factors or sleep dysfunction-associ-
ated symptoms may also have an increased likelihood of
having a sleep disorder if they exhibit with one or more of
elevated SNS activity (e.g., catecholamines detected in urine
or plasma), low central nervous system NPY levels, elevated
cortisol levels, glucocorticoid resistance (e.g., as assessed
via dexamethasone suppression test), elevated CAR, low
heart rate variability, elevated MSBP, limited or no “dip-
ping” of nocturnal blood pressure, elevated levels of serum
inflammatory cytokine levels (e.g., IL-6, IL-8, TNF-a, CRP,
etc.), and/or endothelial dysfunction.

[0062] Some patients may also present with comorbid
conditions or diseases such as cardiovascular disease, hav-
ing suffered a major cardiac event (e.g., MI, coronary artery
bypass surgery), having had a stroke or risk of stroke,
hypertension or pre-hypertension, ventricular arrhythmias,
left ventricular hypertrophy, above-normal cholesterol lev-
els, atherosclerosis, chronic kidney disease, insulin resis-
tance or other metabolic disorder, arterial stiffening or
aneurysm(s), obesity or being overweight (e.g., high BMI),
cancer, and/or patients with active substance abuse, a history
of substance abuse, or prior mental disorder. In certain
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embodiments, the patient can present with one or more risk
factors and/or comorbid conditions associated with an
increased likelihood of having a sleep disorder. However, in
other embodiments, such associated conditions may not be
present in a patient having a sleep disorder and/or at risk of
developing a sleep disorder. For example, the patient may be
normotensive, have no evidence of cardiovascular disease,
normal BMI, normal insulin sensitivity, and/or no elevated
levels of inflammatory biomarkers.

[0063] Patients presenting with a high or increased risk of
developing a sleep disorder can include patients having one
or more demographic or biophysical risk factors as
described herein and who have not met the diagnosis stan-
dard as set forth in DSM-5 and/or patients in which one or
more sleep quality screening tools or instruments used to
give a professionally-accepted diagnosis have not confirmed
a sleep disorder. However, such patients may present one or
more risk factors associated with an increased likelihood of
developing a sleep disorder. For example, the patient may
have an increased likelihood of a present condition progress-
ing toward a sleep disorder, such as a patient presenting
some but not a qualifying number of symptoms on the
DSM-5, or in another embodiment, a patient may present a
qualifying number of symptoms but has not experienced a
threshold level of severity for one or more of those symp-
toms. In another example, the patient may demonstrate a
combination of described risk factors (e.g., elevated SNS
tone, high CAR, glucocorticoid resistance, elevated levels of
CRP, low levels of central NPY, having experienced depres-
sive episodes and/or anxiety attacks, history of child abuse
or trauma, and/or family history of anxiety disorder, depres-
sion and/or other mental illness, etc.) and currently be
experiencing chronic and/or excessive psychological stress
(e.g., experiencing major life change, a difficult relationship,
illness or disease of self or loved one, death of loved one,
occupational stress, etc.).

[0064] In particular embodiments, patients having an
increased risk of developing a moderate or severe sleep
disorder may have, for example, mild or acute sleep dys-
function-associated symptoms and demonstrate one or more
of the following risk factors: (1) occasions of difficulty
falling asleep, episodes of night awakening, occasional
snoring, falling asleep during the day, occasional leg rest-
lessness, impaired concentration, irritability, and increased
muscle aches or soreness, (2) previously experienced trau-
matic events or experiences, (3) personal history of a sleep
disorder, (4) family history of depression, anxiety disorder
or other mental illness, (5) prior diagnosis of acute stress
disorder, (6) prior diagnosis of any mood disorder (e.g.,
depression, anxiety, bipolar, panic disorder, etc.), and/or (7)
depression symptoms (e.g., depressed mood for most of the
day, anhedonia, psychomotor agitation or retardation nearly
every day, anergia, poor appetite or overeating, low self-
esteem or feelings of worthlessness, changes in cognitive
ability, and/or negative feelings about self or the world).
Further risk factors for the development of a sleep disorder
in patients can include physiological markers such as
elevated SNS activity (e.g., increased levels of cat-
echolamines as detected in urine or plasma), elevated cor-
tisol levels, low central nervous system NPY levels, gluco-
corticoid resistance (e.g., as assessed via dexamethasone
suppression test), elevated CAR, low heart rate variability,
elevated MSBP, limited or no “dipping” of nocturnal blood
pressure, low baroreceptor sensitivity (e.g., an assessment of
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cardiovascular autonomic neuropathy), and/or elevated lev-
els of serum inflammatory cytokine levels. A patient at-risk
of developing a sleep disorder may be hypertensive or
pre-hypertensive and/or show elevated SNS tone in the form
of blood pressure dysregulation (e.g., elevated 24-hour
blood pressure variability). However, in many instances,
patients having a sleep disorder or being at-risk of devel-
oping a sleep disorder can have normal blood pressure levels
(e.g., do not have hypertension or pre-hypertension).

[0065] In some embodiments of the present technology,
the patient can have a calculated risk score for (i) determin-
ing a sleep disorder status (e.g., diagnosis, severity, etc.) or
(ii) the prediction of developing a sleep disorder that is
above a threshold sleep disorder risk score. Such a calcu-
lated sleep disorder risk score can indicate a likelihood of a
sleep disorder diagnosis or, in another embodiment, a like-
lihood of developing a sleep disorder. In one embodiment,
for example, a calculated sleep disorder risk score for
determining a sleep disorder status can be based upon one or
more data sets known in the art. For example, a sleep
disorder risk score based upon the Pittsburgh Sleep Quality
Assessment (PSQI). The PSQI, among other assessment
tools, can be used to establish a sleep disorder risk score for
determining a sleep disorder status (e.g., diagnosis/severity),
and can be based upon an analysis of the patient’s assess-
ment across multiple possible risk factors. For example, the
patient can be queried and assessed for core sleep dysfunc-
tion-associated symptoms indicated in the DSM-5 and the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10) classification systems to
determine if a patient has a mild, moderate, or severe sleep
disorder. One of ordinary skill in the art will recognize that
the PSQI scale study is only one study in which a risk score
calculation can be developed and applied. Other published
data sources documenting multiple possible risk factors and
corresponding scores may use any of many well described
techniques. Such techniques for developing tools to calcu-
late a sleep disorder risk score could be empirical, based on
multivariate regression, or using artificial intelligence (e.g.
Bayesian probability, machine learning, etc.) among other
techniques known in the art.

[0066] In other embodiments, a patient presenting a high
or increased risk of developing a sleep disorder can have a
genetic disorder or determined genetic pre-disposition to
developing a sleep or other associated mental disorder. For
example, specific forms (e.g., polymorphisms) of the glu-
cocorticoid receptor gene, NR3Cl1, affect glucocorticoid
sensitivity and additional polymorphisms in the gene known
as FKBP3, a co-chaperone of the glucocorticoid receptor, is
associated with increased glucocorticoid resistance and
increased risk for sleep-related disorders. Additionally, car-
riers of polymorphisms in the genes encoding for the CRH
receptor 1 are associated with an increased likelihood of
developing a sleep or mood disorder. As evidence has
suggested that genotype, gene methylation, histone deacety-
lation, and gene expression differences among other epigen-
etic factors, influence or accompany the development of
sleep disorders, these genetic profiles can be screened to
determine patients presenting certain genetic pre-disposi-
tions associated with high or increased risk of developing a
sleep disorder.

[0067] A patient suspected of having a sleep disorder can
be evaluated for a level of dysfunction or severity of
symptoms and/or sequelae associated with sleep disorders.
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BEvaluation of core symptoms (e.g., difficulty in falling
asleep, waking in the middle of the night or early morning,
waking to use the bathroom, snoring and/or coughing,
unable to breath comfortably, too cold or hot, experiencing
bad dreams, experiencing pain, needing medication to fall
asleep, feeling sad, feeling nervous or anxious, experiencing
restless legs before or during sleep, difficulty staying awake
during the day, experiencing difficulty in maintaining enthu-
siasm in activities or hobbies, etc.), can include a self-
reporting or assessment of changes from a person’s usual
level of function (e.g., prior to on-set of symptoms) to a
current condition. Evaluation input may also come from
trusted sources (e.g., trusted family members, friends, pri-
mary physician, etc.) that can provide information on
changes in performance on daily activities, job/employment
performance, behavior or mood changes, sleep patterns, as
well as angry outbursts, irritability or aggression and/or
other risky or destructive behaviors, etc.

[0068] Physicians or other qualified clinicians may also
administer one or more questionnaires or diagnostic tests,
suich as screening tools, to assess sleep disorder risk, severity
and diagnosis. Sleep quality screening tools such as the
PSQL ESS, ISDI, MEQ, HADS, PHQ-ADS, a VAS, MSLT
and/or a polysomnography, among others, as well as other
screening instruments that look at multiple risk factors for
predicting the patient-specific clinical features along with
sleep disorder status can be utilized in the assessment
process. One of ordinary skill in the art will recognize other
sleep tests and scales that can be used to determine the status
of sleep dysfunction of a patient. In some embodiments, for
example, a patient may be suspected of having a sleep
disorder based upon a single test score or outcome, com-
bined test scores from multiple tests, or one or more test
scores from multiple tests. Diagnosis can be made based
upon, for example, meeting or exceeding a threshold test
score. In other embodiments, a patient may demonstrate an
increase in symptom severity as reflected in test scores taken
over time. For example, a particular patient may show an
increase in sleep disorder risk via a result in a test score
between taking tests two weeks after on-set of symptoms,
one month after on-set of symptoms, six months after on-set
of symptoms, and a year or more after on-set of symptoms.
Cognitive functioning (e.g., cerebral activities encompass-
ing reasoning, memory, attention, and language), emotional/
social functioning (e.g., traits and abilities involving positive
and negative aspects of social and emotional life like empa-
thy, interpreting emotion, speed and intensity of emotion
generation, and efficacy of coping with negative emotions,
etc.), and sleep-dysfunction-associated symptoms, as well as
other data that can be collected in an evaluation of a patient,
are based on self-report, observational (behavioral), or psy-
chological data.

[0069] In a particular example, if a patient could respond
(or a clinician could so indicate with respect to a patient) in
affirmation (i.e., answering “yes”) and/or if the a patient can
indicate at least a moderate level of severity to one or more
of the following statements, then the patient could be
diagnosed with a sleep disorder and, in some embodiments,
be treated with renal neuromodulation to treat the sleep
disorder: Over the past month, and at a frequency of less
than once a week, once or twice a week, or three or more
times a week.
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[0070] 1. You cannot get to sleep within 30 minutes.
[0071] 2. You wake up in the middle of the night or
early morning.

[0072] 3. You have to get up to use the bathroom during
the night.

[0073] 4. You cannot breathe comfortably while sleep-
ing.

[0074] 5. You cough or snore loudly while sleeping.

[0075] 6. You feel too cold and/or hot while sleeping.

[0076] 7. You have bad dreams while sleeping.

[0077] 8. You experience pain during the night.

[0078] 9. During the past month, you have had to take
medicine (over-the-counter or prescribed) to help you
sleep.

[0079] 10. During the past month, you have had trouble

staying awake while driving, eating meals, or engaging
in social activity.

[0080] 11. During the past month, it has been a problem
for you to keep up enthusiasm to get things done.
[0081] Additional screening tools or sleep disorder risk
score calculating tools may ask additional questions to
identify the presence or absence of known sleep disorder
risk factors. For example, a patient may be asked to respond
to one or more of the following questions in an assessment:

[0082] Do you use alcohol to help you sleep?
[0083] Do you have any medical conditions that disrupt
your sleep?

[0084] Have you lost interest in hobbies or activities?

[0085] Do you feel sad, irritable, or hopeless?

[0086] Do you feel nervous or worried?

[0087] Do you think something is wrong with your
body?

[0088] Are you a shift worker or is your sleep schedule
irregular?

[0089] Are your legs restless and/or uncomfortable

before bed?

[0090] Have you been told that you are restless or that
you kick your legs in your sleep?

[0091] Do you talk or walk in your sleep?

[0092] Has anyone said that you stop breathing, gasp,
snort, or choke in your sleep?

[0093] Do you have a personal or family history of a
sleep disorder or mental illness?

[0094] How many adverse life events (e.g., major ill-
ness, abuse, loss of a loved one, unemployment, psy-
chological trauma, etc.) have you experienced that has
caused you either high levels of stress or chronic (e.g.,
greater than one year) stress?

[0095] Did you experience traumatic life events and/or
abuse as a child or adolescent?

[0096] Physicians or other qualified clinicians may also
administer one or more questionnaires or diagnostic tests,
such as screening tools, to assess depression symptoms that
may accompany core sleep disorder symptoms. For
example, the Patient Health Questionnaire (PHQ-2) scale is
a two-item depression screener as exemplified in the fol-
lowing questions:

[0097] 1. Have you ever had a period of two weeks or
longer when you were feeling depressed or down most
of the day or nearly every day?

[0098] 2. Have you ever had a period of two weeks or
longer when you were uninterested in most things or
unable to enjoy things you used to do?
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[0099] A patient having sleep disorder symptoms and one
or more depression symptoms can be a candidate for renal
neuromodulation.

[0100] Inaddition to self-reporting, observational, or other
psychological data, a patient may also be evaluated for
physiological data. Accordingly, a patient may demonstrate
one or more physiological parameters associated with a
sleep disorder or, in other embodiments, with chronic psy-
chological stress. Non-limiting examples of sleep-associated
physiological parameters may include low heart rate vari-
ability (e.g., as assessed by Standard Deviation NN intervals
(SDNN)), decreased baroreceptor sensitivity (as an assess-
ment of cardiovascular autonomic neuropathy), heightened
heart rate responses to stimuli/stress (e.g., via Stroop Color
Test or Cold Pressor Test), elevated muscle sympathetic
nerve activity (MSNA; a marker of SNS activity), elevated
systolic blood pressure, increased MSBP, lack of or low
levels of nocturnal blood pressure “dipping”, higher skin
conductance (e.g., a measure of sweat activity thought to be
under SNS influence), higher resting heart rate, disrupted
sleep patterns or low quality sleep, elevated peripheral
inflammatory markers (e.g., IL-6, IL-8, CRP, TNF-q, etc.),
low NPY levels (e.g., in the CNS and plasma), and other
measures of sympathetic activity (e.g., increased renal and/
or total body norepinephrine spillover, increased plasma
norepinephrine levels, increased urine levels of norepineph-
rine and metabolites thereof, etc.). Further physiological
parameters that can be risk factors for a sleep disorder may
include increased cortisol levels, glucocorticoid resistance
(e.g., as assessed via dexamethasone suppression test), pre-
vious traumatic brain injury (I'BI), and/or decreased levels
of neurotransmitter receptors (e.g., GABA, 5-HT/serotonin,
dopamine) in the brain (e.g., as assessed via administered
radioligands followed by positron emission tomography
(PET)).

[0101] In accordance with aspects of the present technol-
ogy, patients presenting with one or more risk factors for
having a sleep disorder, having a calculated sleep disorder
risk score, and/or one or more risk factors for developing a
sleep disorder can be candidates for treatment for a sleep
disorder. In other embodiments, some patients may also be
candidates for renal neuromodulation for the prevention of
developing a sleep disorder in the patient. As noted above,
renal neuromodulation is expected to eflicaciously treat a
sleep disorder including one or more symptoms associated
with a sleep disorder. Renal neuromodulation is also
expected to efficaciously prevent an incidence of, reduce a
severity of, or slow a progression of a sleep disorder. Renal
neuromodulation is further expected to improve a patient’s
calculated sleep disorder risk score correlating to a sleep
disorder status/diagnosis.

[0102] In certain embodiments, for example, renal neuro-
modulation treats several clinical conditions characterized
by increased overall sympathetic activity and, in particular,
conditions associated with central sympathetic overstimula-
tion such as pre-hypertension, hypertension, blood pressure
variability, heart rate variability, vascular disease (e.g., ves-
sel stiffening), metabolic syndrome, insulin resistance, dia-
betes, cancer, cognitive impairment (e.g., which can prog-
ress to dementia), systemic inflammation, depression, and
anxiety disorder, among others, that may be associated with
and/or contribute to a severity or progression of a sleep
disorder in a patient. The reduction of afferent neural signals
typically contribute to the systemic reduction of sympathetic
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tone/drive, and renal neuromodulation is expected to be
useful in treating several conditions associated with sys-
temic sympathetic overactivity or hyperactivity. For
example, and in accordance with other aspects of the present
technology, patients presenting with one or more risk factors
for having a sleep disorder and/or having a positive clinical
diagnosis for a sleep disorder can be candidates for renal
neuromodulation treatment for preventing, reducing an inci-
dence of, and/or reducing a severity of a cardiovascular
condition (e.g., coronary heart disease, MI, left ventricular
hypertrophy, ventricular arrhythmias, etc.) and/or stroke
(e.g., acute ischemic stroke, lacunar stroke, transient isch-
emic attack (TIA), hemorrhagic stroke, etc.) in the patient.
In other embodiments, treating patients having a sleep
disorder in younger (e.g., 18-40 years of age) or in middle-
aged (e.g.. 40-65 years of age) patients may reduce an
incidence of or improve an outcome of many comorbid
conditions and diseases including, but not limited to, car-
diovascular disease, stroke, metabolic disorders, diabetes,
elevated cholesterol, obesity, cancer, dementia, etc. Accord-
ingly, in particular examples, patients having or at risk of
having a sleep disorder and who are suitable candidates for
treatment via renal neuromodulation can be between the
ages of 18 and 45, between the ages of 18 and 30, between
the ages of 20 and 40, or between the ages of 20 and 35. In
other embodiments, the patients may be between the ages of
35 and 65, between the ages of 45 and 65, between the ages
of 50 and 70, or the patient can be at least 35 years old, or
at least 18 years old.

II. RENAL NEUROMODULATION FOR
TREATING SLEEP DISORDERS AND/OR
REDUCING A RISK ASSOCIATED WITH THE
DEVELOPMENT OF A SLEEP DISORDER

[0103] Therapeutically-effective renal neuromodulation
can be used for the treatment of a sleep disorder or for the
treatment of one or more symptoms and/or sequelae asso-
ciated with a sleep disorder, the management of a sleep
disorder, or to reduce an incidence of a sleep disorder in
patients identified as having a risk of developing a sleep
disorder at a future time. In further embodiments, therapeu-
tically-effective renal neuromodulation can be used for
treating a patient (e.g., a patient having one or more risk
factors associated with developing a sleep disorder) prior to
the development of one or more comorbid conditions (e.g.,
substance and alcohol abuse/addiction, depression and/or
depressive disorder, psychotic and/or personality disorders,
cardiovascular disease, stroke, hypertension, obesity (e.g.,
high BMI), metabolic disorders, such as type 2 diabetes,
cancer, and cognitive impairment (e.g., leading to dementia),
etc.) and for reducing a risk associated with developing a
sleep disorder.

[0104] In other embodiments, therapeutically-effective
renal neuromodulation can be used to treat sleep disorder
patients or patients diagnosed with a sleep disorder to reduce
an incidence of cardiovascular disease (e.g., coronary heart
disease, etc.) or a cardiovascular event (e.g., M1, stroke, etc.)
in the patient. In further embodiments, therapeutically-
effective renal neuromodulation can be used for treating a
patient having a sleep disorder to improve one or more
parameters associated with cardiovascular health, or to
reduce a severity of a cardiovascular condition.

[0105] While sympathetic drive regulation can have adap-
tive utility in maintaining homeostasis or in preparing many
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organs in the body for a rapid response to environmental
factors, chronic activation of the SNS (e.g., associated with
acute stress syndrome, chronic stress, primary aging, age-
associated obesity, etc.) is a common maladaptive response
that can contribute to diseases/conditions (e.g., hyperten-
sion, systemic or localized inflammation, vascular remod-
eling, atherosclerosis, obesity, insulin resistance, metabolic
syndrome, etc.) or predispose individuals to psychophysi-
ological adaptations that can increase a patient’s risk of
developing a sleep disorder and/or drive progression and/or
severity of a sleep disorder in a patient. Excessive activation
of the renal sympathetic nerves in particular has been
identified experimentally and in humans as a likely con-
tributor to the complex pathophysiology of hypertension,
states of volume overload (such as heart failure), systemic
inflammation, and progressive renal disease. As examples,
radiotracer dilution has demonstrated increased renal nor-
epinephrine spillover rates in patients with essential hyper-
tension.

[0106] Aspects of the present technology include targeting
renal nerve fibers for neuromodulation in patients (1) having
been diagnosed with a sleep disorder, (2) demonstrating one
more physiological and/or psychological symptoms associ-
ated with a sleep disorder, and/or (3) having an increased
risk associated with developing a sleep disorder. Targeting
renal nerve fibers for neuromodulation in patients can effec-
tively attenuate neural traffic along the sympathetic nerves.
Without being bound by theory, attenuation of neural traffic
along renal sympathetic nerves can be used, for example, to
treat or prohibit one or more hallmark symptoms associated
with a sleep disorder, decrease systemic inflammatory
responses associated with a sleep disorder, and/or decrease
alevel of severity of a sleep disorder and/or reduce a number
of symptoms associated with a sleep disorder in the patient.
In some embodiments, hallmark symptoms of a sleep dis-
order that can be treated, reduced or prevented via attenu-
ation of neural traffic along renal sympathetic nerves can
include, for example, difficulty in getting to sleep, difficulty
in maintaining sleep, snoring loudly, having bad dreams,
feeling too hot or cold, having difficulty breathing comfort-
ably while sleeping, experiencing night pain, requiring
medication to sleep, drinking alcohol to fall asleep, feeling
fatigued or sleepy while driving or eating meals or engaging
in social activities, sleepwalking, impaired concentration,
excessive sleeping (e.g., hypersomnia), irritability, exces-
sive anxiety and worry, depression-related symptoms (e.g,,
sadness, loss of hope, etc.), and undesirable elevations in
heart rate, blood pressure, and inflammation. In yet another
embodiment, attenuation of neural traffic along renal sym-
pathetic nerves in an individual having one or more risk
factors associated with developing a sleep disorder can be
used for reducing a risk associated with developing a sleep
disorder.

[0107] As discussed above, several diseases and condi-
tions have high comorbidity with a sleep disorder diagnosis,
including, for example, substance and alcohol abuse/addic-
tion, depression and/or depressive disorder, anxiety disorder
(e.g., general anxiety disorder, social anxiety disorder),
PTSD, psychotic and/or personality disorders, cardiovascu-
lar disease, stroke, hypertension, obesity (e.g., high BMI),
metabolic disorders, such as type 2 diabetes, cancer, chronic
kidney disease, peripheral artery disease, and cognitive
impairment (e.g., leading to dementia). In certain embodi-
ments, patients having a sleep disorder and one or more
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comorbid conditions and/or diseases can be treated with
renal neuromodulation to treat and/or reduce severity of the
sleep disorder and/or the one or more comorbid conditions/
diseases. In another example, renal neuromodulation can be
used to therapeutically treat a patient diagnosed with a sleep
disorder for preventing and/or reducing an incidence of
developing one or more comorbid conditions/diseases,
including those conditions/diseases wherein chronic SNS
activity is known to be a contributing factor (e.g., hyper-
tension, cardiovascular disease, etc.).

[0108] Inone example, renal neuromodulation can be used
to reduce a patient’s systolic blood pressure, including a
MSBP and/or a nocturnal blood pressure level. In another
example, renal neuromodulation can be used to increase
heart rate variability (e.g., the beat-to-beat fluctuations in
heart rate) in a patient. In other embodiments, attenuation of
neural traffic along renal sympathetic nerves can be used to
treat or prevent metabolic disorders, obesity and/or insulin
resistance in the patient having a sleep disorder or at
increased risk associated with developing a sleep disorder.
In yet a further embodiment, renal neuromodulation can be
used to lower one or more levels of inflammatory biomark-
ers in a patient.

[0109] Certain effects of chronic SNS activation (such as
resulting from chronic psychological stress) that take place
prior to experiencing sleep dysfunction-associated symp-
toms may be associated with an increased risk of developing
a sleep disorder. Many of these effects may not yield
noticeable signs or symptoms associated with a disease;
however, the effects of chronic SNS activation can cause
unseen damage to cardiac tissue, brain tissue, and/or vas-
cular tissue, as well as disrupt normal neurophysiological
and hormonal balances throughout the body prior to the
appearance of quantifiable disease indicators typically asso-
ciated with maladaptive SNS activation and/or prior to
exposure to experiencing sleep dysfunction-associated
symptoms in the predisposed or at-risk individual. Accord-
ingly, in one embodiment, neuromodulation treatment can
be used to treat patients having a high risk of developing a
sleep disorder. For example, patients may present one or
more risk factors for developing a sleep disorder (e.g.,
having been diagnosed with chronic stress, having an
elevated heart rate, having reduced heart rate variability,
having elevated cortisol levels and/or CRH levels, present-
ing with glucocorticoid resistance, elevated CAR, low levels
of central NPY, having elevated systemic plasma levels of
inflammatory biomarkers (e.g., IL-6, IL-8, TNF-a,, CRP,
etc.), having high blood pressure, having a genetic predis-
position (e.g., polymorphisms in genes encoding for
NR3C1, FKBPS5, CRHR1, TNF-q, etc.). In other examples,
such patients having a high risk of developing a sleep
disorder may present one or more social or demographic risk
factors for the development of a sleep disorder (e.g., adverse
childhood experience(s), prior traumatic brain injury, per-
sonal or family history of having a sleep disorder, depression
or mental illness, anxiety disorder, experiencing adverse life
events, prior exposure to trauma, history of substance abuse,
being in a stressful situation or relationship, smoker, physi-
cally inactive, etc.).

[0110] In still further embodiments, neuromodulation
treatment can be used to treat patients for improving a sleep
disorder risk score for a patient diagnosed with a sleep
disorder. Such a risk score may be determined, for example,
using a sleep quality screening tool for determining a
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severity of a sleep disorder in the patient. For example,
certain patients can have a sleep disorder risk score above a
threshold sleep disorder risk score, can have one or more
sleep disorder risk factors, have a combination of sleep
disorder risk factors, etc., and renal neuromodulation can be
used to therapeutically reduce (a) systemic plasma levels of
norepinephrine from, e.g., spillover from innervation of
smooth muscle surrounding blood vessels, (b) systemic
plasma levels of inflammatory biomarkers (e.g., IL-6, 1L-8,
TNF-a, CRP, etc.), and/or (c) high blood pressure. In other
embodiments, neuromodulation treatment can be used to
increase heart rate variability or decrease MSBP in patients.

[0111] In one embodiment, a patient having extreme or
chronic psychological/mental stress in response to an
adverse life event or condition and presenting with one or
more acute stress indicators or other indicators, such as
pre-hypertension (e.g., systolic BP of 120-139 mmHg/dia-
stolic BP of 80-89 mmHg), hypertension (e.g., systolic BP
>140 mmHg/diastolic BP >90 mmHg), increased serum
levels of IL-6 or CRP, higher levels of glucocorticoid (e.g.,
cortisol), higher CAR, higher MSBP, decreased heart rate
variability, or having other factors presenting an increased
risk of developing a sleep disorder (e.g., persons having
experienced a traumatic brain injury, having experienced
traumatic events, adverse childhood, family history of men-
tal illness, sleep disorder-associated genetic polymorphisms,
etc.) can be treated with renal neuromodulation to reduce a
level of renal sympathetic drive and/or reduce a level of
systemic norepinephrine spillover in circulating plasma
(Schlaich, M. P, et al., Frontiers in Physiology, 2012, 3(10):
1-7).

[0112] In some embodiments, a patient demonstrating
chronic stress indicators for greater than 1 year and present-
ing with sleep dysfunction-associated symptoms can be
diagnosed with a sleep disorder by a physician or qualified
clinician. In other embodiments, a patient demonstrating
chronic stress indicators and sleep dysfunction -associated
symptoms can present with a qualifying result on a sleep
quality screening tool (e.g., tool for assessing a sleep dis-
order diagnosis, tool for assessing a sleep disorder risk
status, etc.). In further embodiments, chronic psychological
stress indicators precipitated by an adverse life condition or
event can refer to patients at risk of developing a sleep
disorder, and patients may be treated with renal neuromodu-
lation to prevent a future on-set of a sleep disorder, reduce
a risk factor score associated with the severity of a sleep
disorder, reduce a severity of one or more symptoms asso-
ciated with a sleep disorder, or reduce an incidence of
developing one more comorbid conditions/diseases.

[0113] Several embodiments of the present technology
utilize intravascular devices that reduce sympathetic nerve
activity by applying, for example, radiofrequency (RF)
energy to target nerve(s) or target site(s) in patients present-
ing one or more physiological symptoms associated with a
sleep disorder, or having a risk of developing a sleep
disorder, such as having one or more sleep disorder risk
factors. In certain embodiments, neuromodulation is used to
reduce renal sympathetic nerve activity in patients having a
high risk (e.g., a predisposition or increased likelihood) of
developing a sleep disorder, one or more signs or symptoms
associated with sleep disorder development, or, in further
embodiments, in patients having been diagnosed with a
sleep disorder. In a particular embodiment, neuromodulation
is used to reduce renal sympathetic nerve activity in patients
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having a sleep disorder risk score (e.g., indicating a status or
severity of a sleep disorder) above a threshold risk score.

[0114] Renal neuromodulation is the partial or complete
incapacitation or other effective disruption of the nerves of
the kidneys, including nerves terminating in the kidneys or
in structures closely associated with the kidneys. In particu-
lar, renal neuromodulation can include inhibiting, reducing,
and/or blocking neural communication along neural fibers
(i.e., efferent and/or afferent nerve fibers) innervating the
kidneys. Such incapacitation can be long-term (e.g., perma-
nent or for periods of months, years, or decades) or short-
term (e.g., for periods of minutes, hours, days, or weeks).
While long-term disruption of the renal nerves can be
desirable for preventing incidence of or treating a sleep
disorder, reducing a severity of a sleep disorder, or for
alleviating symptoms and other sequelae associated with a
sleep disorder over longer periods of time, short-term modu-
lation of the renal nerves may also be desirable. For
example, some patients may benefit from short-term renal
nerve modulation to address acute symptoms presenting
during or following an adverse life event or condition, such
as hyperarousal, social or other anxiety, PTSD, mood
swings, or other stress/sleep-related behavioral changes. In
particular, some patients may benefit from short-term renal
nerve modulation to address a period of insomnia following
a traumatic event such as, for example, an accident or natural
disaster, recently serving in combat, illness, or loss of a
loved one. In other instances, some patients may benefit
from short-term renal nerve modulation as adjuvant therapy
to increase effectiveness of co-administered drugs (e.g.,
anti-anxiety drugs, antidepressant drugs, anti-psychotic
drugs, anti-inflammatory medications (e.g., antihistamines),
anti-hypertensive drugs, and sleeping medications (e.g.,
sedatives) among others administered to support patients),
sleeping aides (e.g., melatonin), intervention devices (e.g.,
continuous positive airway pressure (CPAP)) and/or psy-
chotherapy (e.g., cognitive-behavioral therapy, interpersonal
therapy, etc.).

[0115] FIG. 2 is an enlarged anatomic view of nerves
innervating a left kidney 50 of a patient. As FIG. 2 shows,
the kidney 50 is innervated by a renal plexus 52, which is
intimately associated with a renal artery 54. The renal plexus
52 is an autonomic plexus that surrounds the renal artery 54
and is embedded within the adventitia of the renal artery 54.
The renal plexus 52 extends along the renal artery 54 until
it arrives at the substance of the kidney 50, innervating the
kidneys while terminating in the blood vessels, the juxta-
glomerular apparatus, and the renal tubules (not shown).
Fibers contributing to the renal plexus 52 arise from the
celiac ganglion (not shown), the superior mesenteric gan-
glion (not shown), the aorticorenal ganglion 56 and the
aortic plexus (not shown). The renal plexus 52, also referred
to as the renal nerve, is predominantly comprised of sym-
pathetic components. There is no (or at least very minimal)
parasympathetic innervation of the kidney 50.

[0116] Preganglionic neuronal cell bodies are located in
the intermediolateral cell column of the spinal cord (renal
sympathetic nerves arise from T10-L2, FIG. 1). Referring to
FIGS. 1 and 2 together, preganglionic axons pass through
the paravertebral ganglia (they do not synapse) to become
the lesser splanchnic nerve, the least splanchnic nerve, the
first lumbar splanchnic nerve., and the second Iumbar
splanchnic nerve, and they travel to the celiac ganglion
(FIG. 1), the superior mesenteric ganglion (FIG. 1). and the
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aorticorenal ganglion 56 (FIG. 2). Postganglionic neuronal
cell bodies exit the celiac ganglion, the superior mesenteric
ganglion, and the aorticorenal ganglion 56 to the renal
plexus 52 and are distributed to the renal vasculature.
[0117] It has previously been shown that stimulation of
renal efferent nerves directly affects neural regulation com-
ponents of renal function that are considerably stimulated in
disease states characterized by heightened sympathetic tone
such as, for example, increased blood pressure in hyperten-
sive patients. As provided herein, renal neuromodulation is
likely to be valuable in the treatment of a sleep disorder
and/or symptoms associated with a sleep disorder. Renal
neuromodulation is also likely to be valuable in the preven-
tion of developing a sleep disorder in certain at-risk indi-
viduals (e.g., individuals having experienced adverse life
events or circumstances and/or presenting one or more
chronic stress indicators or biomarkers indicating a high
likelihood of developing a sleep disorder).

[0118] Renal neuromodulation may also likely to be valu-
able in the treatment of diseases and conditions that are
associated with sleep disorders and/or increased SNS tone
such as, for example, cardiovascular disease, hypertension,
increased blood pressure variability, systemic inflammation,
endothelial dysfunction, vascular inflammation, vessel
remodeling and/or hardening, atherosclerosis, and metabolic
disorders among others. In particular, renal neuromodulation
along the renal artery and/or within branches of the renal
artery as described in U.S. patent application Ser. No.
14/839,893, filed Aug. 28, 2015 and incorporated herein by
reference in its entirety, is expected to reduce renal sympa-
thetic drive in the kidney, thereby reducing the negative
impact of SNS activation on aspects of these and other
conditions associated with physiological changes that have
impact on psychological and cognitive health. As such, renal
neuromodulation is also likely to be particularly valuable in
patients having one or more clinical conditions characterized
by increased overall and particularly renal sympathetic
activity, such as cardiovascular disease, hypertension,
increased blood pressure variability, low heart rate variabil-
ity, systemic inflammation, chronic vascular inflammation,
endothelial dysfunction, metabolic syndrome, insulin resis-
tance, diabetes, anxiety disorder, and depression among
others.

[0119] As the reduction of afferent neural signals contrib-
utes to the systemic reduction of sympathetic tone/drive,
renal neuromodulation might also be useful in preventing a
sleep disorder. For example, a reduction in central sympa-
thetic drive may reduce and/or improve measurable physi-
ological parameters typically associated with the develop-
ment of a sleep disorder, prior to on-set of core sleep
dysfunction-associated symptoms. Alternatively, a reduction
in central sympathetic drive may, for example, reduce an
elevated heart rate, improved blood pressure, improve heart
rate variability, increase blood flow to the brain, reduce
cerebrovascular inflammation, reduce systemic inflamma-
tion, and/or improve other chronic stress-related symptoms
such as depression and symptoms associated with excessive
anxiety (e.g., uncontrollable worrying or fear, panic attacks,
etc.).

[0120] Other psychologically and/or neurologically
related conditions, such as, e.g., depression and disabilities
associated with excessive anxiety, as well as other condi-
tions presented as comorbid with sleep disorders such as, for
example, cardiovascular disease, stroke, hypertension,
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chronic kidney disease, high BMI (e.g., obesity), metabolic
disorder (e.g., diabetes) and substance and/or alcohol abuse,
may also be treatable or preventable in sleep disorder
patients using renal neuromodulation. In some instances,
therapeutically-effective  renal neuromodulation may
improve one or more measurable physiological parameters
associated with a comorbid disease or condition in the
patient without substantially improving the sleep disorder in
the patient.

[0121] Intravascular devices that reduce sympathetic
nerve activity by applying, for example, RF energy to a
target site in the renal artery have recently been shown to
reduce blood pressure in patients with treatment-resistant
hypertension. The renal sympathetic nerves arise from T10-
L2 and follow the renal artery to the kidney. The sympathetic
nerves innervating the kidneys terminate in the blood ves-
sels, the juxtaglomerular apparatus, and the renal tubules.
Stimulation of renal efferent nerves results in increased renin
release (and subsequent renin-angiotensin-aldosterone sys-
tem (RAAS) activation) and sodium retention and decreased
renal blood flow. These neural regulation components of
renal function are considerably stimulated in disease states
characterized by heightened sympathetic tone and likely
contribute to increased blood pressure in patients with a
sleep disorder and increased levels of peripheral inflamma-
tory markers, such as IL-6 and CRP, in patients with a sleep
disorder experiencing a host of inflammatory challenges.
[0122] Pharmacologic strategies to thwart the conse-
quences of renal efferent sympathetic stimulation include
centrally acting sympatholytic drugs, beta blockers (in-
tended to reduce renin release), angiotensin converting
enzyme inhibitors and receptor blockers (intended to block
the action of angiotensin II and aldosterone activation con-
sequent to renin release), and diuretics (intended to counter
the renal sympathetic mediated sodium and water retention).
These pharmacologic strategies, however, have significant
limitations including limited efficacy, compliance issues,
side effects, and others. Recently, intravascular devices that
reduce sympathetic nerve activity by applying an energy
field to a target site in the renal blood vessel (e.g., via radio
frequency (RF) ablation) have been shown to be efficacious
in reducing blood pressure, decreasing blood pressure vari-
ability, decreasing nocturnal blood pressure, reducing
MSRBP, improving arterial stiffness and reducing mediators
of systemic inflammation in patients with treatment-resistant
hypertension.

[0123] Various techniques can be used to partially or
completely incapacitate neural pathways, such as those
innervating the kidney. The purposeful application of energy
(e.g., electrical energy, thermal energy) to tissue can induce
one or more desired thermal heating and/or cooling effects
on localized regions along all or a portion of a renal blood
vessel (e.g., renal artery, renal arterial branch, renal ostium,
renal vein) and adjacent regions of the renal plexus RP,
which lay intimately within or adjacent to the adventitia of
the renal blood vessel. Some embodiments of the present
technology, for example, include electrode-based or trans-
ducer-based approaches, which can be used for therapeuti-
cally-effective neuromodulation. For example, an energy
delivery element (e.g., electrode) can be configured to
deliver electrical and/or thermal energy at a treatment site.
[0124] By way of theory, targeting both general afferent
and efferent renal sympathetic nerves (e.g., via a catheter-
based approach, utilizing extracorporeal ultrasound) may
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cause beneficial effects extending well beyond affecting a
severity of a sleep disorder or a risk associated with devel-
oping a sleep disorder, such as reducing a risk of developing
hypertension, stroke, cardiovascular disease, obesity, meta-
bolic disorder or other end organ damage. As discussed
herein, a correlation between hyperactivity of the SNS and
an increased risk of developing a sleep disorder and an
increased risk in promoting more severe sleep dysfunction-
associated symptoms has been implicated. There is now also
evidence that a sleep disorder and related symptom severity
is associated with chronic inflammatory responses and sym-
pathetic activation appears to affect serum levels of periph-
eral inflammatory markers. Additionally, chronic stress,
obesity and other cardiovascular maladies promote hypet-
activity (e.g., overactivity) of the sympathetic nervous sys-
tem throughout the body. For example, when experiencing
stress, including chronic stress, hormonal and neural infor-
mation (e.g., sensory afferent input) is received by the CNS,
which in turn further elevates sympathetic tone via efferent
signaling throughout the body. Some aspects of methods of
treating patients having a sleep disorder or having one or
more risk factors, including a high risk score, for the
development of a sleep disorder, using sympathetic neuro-
modulation are at least in part derived from the recognition
described herein that the kidneys may contribute to elevated
central sympathetic drive.

[0125] Several aspects of the current technology are con-
figured to reduce renal sympathetic nerve activity within or
near the kidney(s) to reduce localized release of norepineph-
rine. Several properties of the renal vasculature may inform
the design of treatment devices and associated methods for
achieving target sympathetic neuromodulation, for example,
via intravascular access, and impose specific design require-
ments for such devices. Specific design requirements for
renal neuromodulation may include accessing the renal
artery, a ureter, a renal pelvis, a major renal calyx, a minor
renal calyx, and/or another suitable structure; facilitating
stable contact between the energy delivery elements of such
devices and a luminal surface or wall of the suitable targeted
structure, and/or effectively modulating the renal nerves
with the neuromodulatory apparatus.

[0126] Intravascular devices that reduce sympathetic
nerve activity by applying, for example, RF energy to a
treatment site in the renal artery have recently been shown
to reduce renal sympathetic drive, renal norepinephrine
spillover, and whole body norepinephrine spillover. Renal
neuromodulation is expected to reduce renal sympathetic
neural activity, and since the reduction of afferent neural
signals contributes to the systemic reduction of sympathetic
tone/drive, renal neuromodulation is a useful technique in
addressing certain risk factors and symptoms associated
with a sleep disorder that are attributable to systemic sym-
pathetic hyperactivity. For example, as previously discussed,
a reduction in central sympathetic drive may treat a sleep
disorder including reducing a severity of one or more
symptoms associated with a sleep disorder, reduce a likeli-
hood of developing a sleep disorder, as well as improve
other comorbid disease manifestations (e.g., hypertension,
cardiovascular disease, stroke, metabolic disorders, insulin
resistance, diabetes, systemic inflammation, depression,
etc.) associated with sympathetic hyperactivity.

[0127]  Accordingly, renal neuromodulation is expected to
be useful in treating a sleep disorder, reducing a severity of
one or more symptoms in patients afflicted with a sleep
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disorder, preventing and/or treating one or more comorbid
conditions or diseases associated with a sleep disorder or
preventing an incidence of developing a sleep disorder in
patients presenting certain risk factors. The beneficial effect
of renal neuromodulation with respect to a risk associated
with development of a sleep disorder is expected to apply to
patients who do not currently meet the diagnostic standard
for a sleep disorder diagnosis (e.g., under DSM-5), for
example, regardless of the baseline renal sympathetic neural
activity or the baseline level of norepinephrine in plasma
(e.g., whole body norepinephrine spillover). For example,
renal neuromodulation in accordance with embodiments of
the present technology can improve one or more measurable
physiological parameters corresponding to a sleep disorder
risk factor or status (e.g., level of severity of diagnosis) in
the patient when baseline renal sympathetic neural activity
is normal, below normal, or above normal (e.g., hyperactive
or overactive). Likewise, renal neuromodulation in accor-
dance with additional embodiments of the present technol-
ogy can improve one or more measurable physiological
parameters corresponding to a sleep disorder risk factor or a
sleep disorder status (e.g., level of severity of diagnosis) in
the patient when baseline central sympathetic drive, baseline
norepinephrine spillover in plasma, and/or whole body
norepinephrine spillover is normal, below normal, or above
normal (e.g., hyperactive or overactive). Such an improve-
ment in one or more measurable physiological parameters
corresponding to a sleep disorder risk factor or a sleep
disorder status (e.g., level of severity of diagnosis) in the
patient can reduce a risk associated with developing a sleep
disorder in that patient or can reduce symptom severity
and/or effectively treat an afflicted patient diagnosed with a
sleep disorder.

1II. METHODS FOR TREATING SLEEP
DISORDERS AND/OR REDUCING A RISK
ASSOCIATED WITH DEVELOPING A SLEEP
DISORDER AND RELATED CONDITIONS

[0128] Disclosed herein are several embodiments of meth-
ods directed to treating an incidence of a sleep disorder in a
patient using catheter-based renal neuromodulation. Further
embodiments disclosed herein are directed to preventing an
incidence of a sleep disorder and/or other conditions asso-
ciated with an increased risk of developing a sleep disorder
in a patient using catheter-based renal neuromodulation. The
methods disclosed herein may represent various advantages
over a number of conventional approaches and techniques in
that they allow for the potential targeting of elevated sym-
pathetic drive, which may either be a cause of several
neurological, immune vascular, or other physiological risk
factors associated with a sleep disorder or a key mediator of
the disorder manifestation. Also, the disclosed methods
provide for localized treatment and limited duration treat-
ment regimens (e.g., one-time treatment), thereby reducing
patient long-term treatment compliance issues.

[0129] In certain embodiments, the methods provided
herein comprise performing renal neuromodulation, thereby
decreasing sympathetic renal nerve activity, for example, for
the purposes of being able to provide one or more of a
reduction in a number of sleep disorder risk factors, a
reduction in severity of one or more sleep disorder risk
factors, a reduction in a calculated sleep disorder risk score,
a reversal in vascular damage facilitated by sympathetic
activity, or a reduction in systemic inflammation. For
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example, renal neuromodulation is expected to reduce a
level of central sympathetic activity that may contribute to
one more underlying causes of sleep disorders.

[0130] Renal neuromodulation may be repeated one or
more times at various intervals until a desired sympathetic
nerve activity level or another therapeutic benchmark is
reached. In one embodiment, for example, a decrease in
sympathetic nerve activity may be observed via a marker of
sympathetic nerve activity in patients, such as decreased
levels of plasma norepinephrine (noradrenaline), changes in
levels of systemic renin in plasma, changes in levels of
angiotensin II in plasma, and/or changes in levels of sys-
temic aldosterone in plasma. Other measures or markers of
sympathetic nerve activity can include MSNA, norepineph-
rine spillover, and/or heart rate variability. In some
instances, a decrease in SNS activity can be observed as a
decrease in norepinephrine and metabolites thereof (e.g.,
vanillomandelic acid (VMA)) in urine. In another embodi-
ment, other measurable physiological parameters or mark-
ers, such as improved baroreceptor sensitivity, improved
heart rate responses to stimuli/stress, improved heart rate
variability, improved skin conductance, improved blood
pressure control (e.g., lower blood pressure), improved
blood pressure variability (e.g., improved MSBP, improved
nocturnal blood pressure “dipping”), lower levels of periph-
eral inflammatory biomarkers (e.g., IL-6, IL-8, TNF-a, CRP,
etc.), improved levels of NPY, reduced cortisol levels,
reduced CAR, reduced glucocorticoid resistance, improved
brain neural activity (e.g., in the hippocampus and other
brain regions), changes in aldosterone-to-renin ratio (ARR),
changes in a salt suppression test, changes in blood plasma
levels of potassium, improved blood glucose regulation, etc.,
can be used to assess efficacy of the thermal modulation
treatment for patients diagnosed as having a sleep disorder
or for patients having one or more risk factors for developing
a sleep disorder, and/or having a calculated sleep disorder
risk score above a threshold sleep disorder risk score. In
certain embodiments, renal neuromodulation may be
repeated one or more times at various intervals until a
desired sympathetic nerve activity level or another thera-
peutic benchmark is reached for such patients.

[0131] In certain embodiments of the methods provided
herein, renal neuromodulation is expected to result in a
change in sympathetic nerve activity and/or in other mea-
surable physiological parameters or markers, over a specific
timeframe. For example, in certain of these embodiments,
sympathetic nerve activity levels are decreased over an
extended timeframe, e.g., within 1 month, 2 months, 3
months, 6 months, 9 months or 12 months post-neuromodu-
lation.

[0132] In several embodiments, the methods disclosed
herein may comprise an additional step of measuring sym-
pathetic nerve activity levels, and in certain of these embodi-
ments, the methods can further comprise comparing the
activity level to a baseline activity level. Such comparisons
can be used to monitor therapeutic efficacy and to determine
when and if to repeat the neuromodulation procedure. In
certain embodiments, a baseline sympathetic nerve activity
level is derived from the subject undergoing treatment. For
example, baseline sympathetic nerve activity level may be
measured in the subject at one or more timepoints prior to
treatment. A baseline sympathetic nerve activity value may
represent sympathetic nerve activity at a specific timepoint
before neuromodulation, or it may represent an average
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activity level at two or more timepoints prior to neuromodu-
lation. In certain embodiments, the baseline value is based
on sympathetic nerve activity immediately prior to treatment
(e.g., after the subject has already been catheterized). Alter-
natively, a baseline value may be derived from a standard
value for sympathetic nerve activity observed across the
population as a whole or across a particular subpopulation.
In certain embodiments, post-neuromodulation sympathetic
nerve activity levels are measured in extended timeframes
post-neuromodulation, e.g., 3 months, 6 months, 12 months
or 24 months post-neuromodulation.

[0133] In certain embodiments of the methods provided
herein, the methods are designed to decrease sympathetic
nerve activity to a target level. In these embodiments, the
methods include a step of measuring sympathetic nerve
activity levels post-neuromodulation (e.g., 6 months post-
treatment, 12 months post-treatment, etc.) and comparing
the resultant activity level to a baseline activity level as
discussed above. In certain of these embodiments, the treat-
ment is repeated until the target sympathetic nerve activity
level is reached. In other embodiments, the methods are
simply designed to decrease sympathetic nerve activity
below a baseline level without requiring a particular target
activity level.

[0134] In one embodiment, measured norepinephrine con-
tent (e.g., assessed via tissue biopsy, assessed in real-time
via intravascular blood collection techniques, assessed in
real-time via urine, etc.) can be reduced (e.g., at least about
5%, 10%, 20% or by at least 40%) in the patient within, for
example, about three months after at least partially inhibit-
ing sympathetic neural activity in nerves proximate a renal
blood vessel.

[0135] In one embodiment, renal neuromodulation may be
performed on a patient having one or more risk factors or
symptoms associated with a sleep disorder to improve the
physiological state of at least one of the sleep disorder risk
factors. In some embodiments, for example, renal neuro-
modulation may result in a reduction in a patient’s heart rate
under stress, may raise heart rate variability, lower a MSBP,
lower a nocturnal blood pressure level, reduce systolic blood
pressure, reduce blood pressure variability, increase barore-
ceptor sensitivity, lower skin conductance, reduce a serum
level of an inflammatory biomarker, or reduce a level of
insulin resistance. In a particular example, a patient having
a sleep disorder and decreased heart rate variability (e.g.,
SDNN <50 ms) may have heart rate variability within a
normal range (e.g., SDNN >50 ms) after a neuromodulation
procedure. In a further example, a reduction in MSBP can
be, for example, by at least about 5%, 10% or a greater
amount as determined by average ambulatory blood pressure
analysis before and after (e.g., 1, 3, 6, or 12 months after) a
renal neuromodulation procedure. Likewise, and in yet a
further example, a reduction in nocturnal blood pressure
level can be, for example, by at least about 5%, 10%, or a
greater amount as determined by average ambulatory blood
pressure analysis before and after (e.g., 1, 3, 6, or 12 months
after) a renal neuromodulation procedure.

[0136] In the case of systemic inflammation and/or a
patient having elevated serum levels of inflammatory bio-
markers, 1L-6, 1L-8, TNF-c. and/or CRP, renal neuromodu-
lation may improve (e.g., reduce a level of) markers of
inflammation (e.g., IL-6, IL-8, TNF-c,, CRP), and in some
embodiments, provide a reduction in biomarker level, for
example, by about 5%, 10%, 25%, 45% or a greater amount
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as determined by blood analysis before and after (e.g., 1, 3,
6, or 12 months after) a renal neuromodulation procedure. In
an example where the patient has elevated cortisol levels,
elevated CRH levels, and/or glucocorticoid resistance, renal
neuromodulation may improve (e.g., reduce a level of)
cortisol levels, CRH levels, and/or glucocorticoid resistance
by about 5%, about 10%, about 20% or greater amount as
determined by quantitative analysis (e.g., dexamethasone
binding assay, dexamethasone suppression test, radioimmu-
noassay, CRH stimulation test, etc.). In other embodiments,
and in particular afflicted patients, renal neuromodulation
may increase arteriole blood flow, reduce a level of athero-
sclerosis, or reduce a degree of arterial stiffening in the
patient by about 5%, 10% or a greater amount as determined
by qualitative or quantitative analysis (e.g., computerized
tomography (CT) scan, pulse wave velocity (PWV) analysis,
angiography, etc.) before and after (e.g., 1, 3, 6, or 12
months after) a renal neuromodulation procedure.

[0137] In another embodiment, renal neuromodulation
may be performed on a patient having a calculated sleep
disorder risk score associated with a sleep disorder status in
the patient that is above a threshold sleep disorder risk score.
Renal neuromodulation is expected to therapeutically
improve the patient’s sleep disorder risk score and thereby
reduce, diminish, reverse or eliminate the sleep disorder in
the patient. In one embodiment, a threshold sleep disorder
risk score may be a theoretical risk score (e.g., based on
population studies) that represents a cut-off score for a sleep
disorder diagnosis. In other embodiments, the threshold
sleep disorder risk score may be a theoretical risk score that
represents an upper limit of acceptable severity and/or
acceptable risk of developing a sleep disorder.

[0138] In a particular example, a patient may be assessed
for a number of factors that have been previously deter-
mined to validate a sleep disorder diagnosis and/or to carry
risk for the development of a sleep disorder (e.g., number or
severity of core sleep dysfunction-associated symptoms,
genetic/epigenetic factors, number or duration of adverse
life events or circumstances the patient has experienced,
number of prior traumatic events the patient experienced,
prior brain injury, presence of abuse or neglect during
childhood, presence of personal or family history of sleep
disorders, depression or mental illness, history of anxiety
disorder, low heart rate variability, elevated cortisol levels,
elevated CAR, low NPY levels, baroreceptor sensitivity,
blood pressure, MSBP levels, nocturnal blood pressure
levels, MSNA levels, body mass index, substance abuse/
habits, etc.). Using a sleep disorder risk score calculator tool
(e.g., based on epidemiological data), a patient’s risk score
can be assessed. For patients having a calculated sleep
disorder risk score above the threshold sleep disorder risk
score (e.g., signifying an undesirable level of symptom or
disorder severity or probability of having a sleep disorder),
a renal neuromodulation procedure is performed. Renal
neuromodulation may improve (e.g., lower, reverse, reduce
a rate of increase over time, etc.) the patient’s sleep disorder
risk score. For example, following a renal neuromodulation
procedure, a patient’s calculated sleep disorder risk score
may reduce (e.g., improve) by about by about 5%, about
10%, about 15%, about 20%, about 25%, about 30%, about
40%, about 50%, about 75%,0r a greater amount as deter-
mined by the sleep disorder risk score calculator tool. Such
improvements in a patient’s sleep disorder risk score may be
detected, for example 1, 3, 6, 12, or 24 months after a renal
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neuromodulation procedure. In certain embodiments, a
threshold risk score can be variable depending on a number
of factors including gender, age, socioeconomic levels,
geographical residence, etc. For example, a threshold risk
score for a male patient can be greater than a threshold risk
score for a female patient.

[0139] In addition to (or instead of) affecting one or more
measurable risk factors associated with a sleep disorder or
the development of a sleep disorder, renal neuromodulation
may efficaciously treat one or more measurable physiologi-
cal parameter(s) or sequela(e) corresponding to the progres-
sion or severity of a sleep disorder in the patient. For
example, in some embodiments, renal neuromodulation may
result in an improvement (e.g., prevent further decline,
maintain, or improve) in a patient’s cognitive abilities and/or
emotional/social functioning abilities as assessed by one or
more accepted diagnostic test methods (e.g., screening tools,
questionnaires, etc.) for identifying sleep disorder risk,
severity and diagnosis (e.g., PSQI, ESS, ISDI, MEQ,
HADS, PHQ-ADS, a VAS, MSLT and/or a polysomnogra-
phy, etc.). In a specific embodiment, a patient may improve
a sleep quality screening test score, maintain a sleep quality
screening test score, or decrease a rate of decline (e.g., rate
of sleep disorder progression) in a test score over time
following a renal neuromodulation procedure. Such
improvements in a patient’s cognitive abilities and/or emo-
tional/social functioning abilities may be detected, for
example 1, 3, 6, or 12 months after a renal neuromodulation
procedure. In other embodiments, improvements are
detected 2, 3, 4, 5 or 10 years afier a renal neuromodulation
procedure. In some embodiments, a sleep diagnostic test
score can be improved by about 5%, about 10%, about 15%,
about 20%, about 30%, about 40%, about 50%, or about
75%. In other embodiments, patients may report that daily
activities are easier following a neuromodulation procedure.

[0140] In an example, renal neuromodulation may effica-
ciously treat one or more aspects of sleep disturbance
associated with a sleep disorder in the patient. For example,
a patient may have an improvement (e.g., a reduction) in the
number, the type and/or the duration of sleep disturbances
(e.g., number of nights of difficulty falling asleep, number of
nights difficulty maintaining or staying asleep, duration of
time it takes to fall asleep, duration of night awake, number
of times patient wakes up during the night, etc.) following a
renal neuromodulation procedure. Such improvements in a
patient’s sleep patterns and/or sleep quality may be detected,
for example 1, 3, 6, or 12 months after a renal neuromodu-
lation procedure. In other embodiments, improvements are
detected 2 or 3 years after a renal neuromodulation proce-
dure. In some embodiments, the patient’s sleep quality (e.g.,
number of nights with sleep disturbance, time duration of
sleep disturbance, etc.) can be improved by about 5%, about
10%, about 15%, about 20%, about 30%, about 40%, about
50%, or about 75% within 3 to 12 months or within 3 to 6
months following a renal neuromodulation procedure.

[0141] In a further example, renal neuromodulation may
efficaciously treat additional aspects of sleep dysfunction-
associated symptoms in the patient. For example, a patient
may have an improvement (e.g., a reduction) in the number
of instances, the type, and/or the severity of sleep-related
symptoms, such as snoring loudly, having bad dreams,
feeling too hot or cold, having difficulty breathing comfort-
ably while sleeping, experiencing night pain, requiring
medication to sleep, drinking alcohol to fall asleep, feeling
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fatigued or sleepy while driving, eating meals or engaging in
social activities, sleepwalking, impaired concentration,
excessive sleeping (e.g., hypersomnia), irritability, exces-
sive anxiety and worry, depression-related symptoms (e.g,,
sadness, loss of hope, etc.) following a renal neuromodula-
tion procedure. Such improvements in a patient’s sleep-
related symptoms may be detected, for example, 1, 3, 6, or
12 months after a renal neuromodulation procedure. In other
embodiments, improvements are detected 2 or 3 years after
a renal neuromodulation procedure. In some embodiments,
the level of sleep-related symptoms (e.g., level of severity,
number of sleep-related symptoms, the number of days the
patient experiences sleep-related symptoms within a logged
time period, etc.) can be improved by about 5%, about 10%,
about 15%, about 20%, about 30%, about 40%, about 50%,
or about 75% within, for example, 3 to 12 months or within
3 to 6 months following a renal neuromodulation procedure.
In some embodiments, the patient can experience complete
regression or full recovery from the sleep-related symptoms.

[0142] Renal neuromodulation may prevent or reduce an
incidence of developing one or more comorbid conditions or
diseases in a patient with a sleep disorder. For example a
patient with a sleep disorder treated with renal neuromodu-
lation may have a decreased likelihood of developing pre-
hypertension, hypertension, cardiovascular disease, stroke
risk, metabolic disorders, insulin resistance, diabetes, sys-
temic inflammation, chronic kidney disease, peripheral
artery disease, dementia, etc. In other embodiments, a
patient with a sleep disorder treated with renal neuromodu-
lation may have a decreased likelihood of developing
depression, an anxiety disorder or mental disorder. In
another embodiment, patients with a sleep disorder having
one or more comorbid conditions or diseases may have an
improvement in (e.g., reduction, maintain a level, slow a rate
of progression of) in the one or more comorbid conditions or
diseases and associated symptoms thereof. In a particular
example, a pre-hypertensive patient (e.g., systolic BP of
120-139 mmHg/diastolic BP of 80-89 mmHg) may have
blood pressure below the pre-hypertensive range after a
renal neuromodulation procedure. Likewise, a hypertensive
patient (e.g., systolic BP >140 mmHg/diastolic BP >90
mmHg) may have blood pressure below the hypertensive
range after a renal neuromodulation procedure. Correspond-
ing results may be obtained with angiotensin II levels,
plasma aldosterone concentration, plasma renin activity,
and/or aldosterone-to-renin ratio. For example, a reduction
in an aldosterone-to-renin ratio can be, for example, by at
least about 5%, 10% or a greater amount (e.g., about 50%,
about 80%, about 90%) as determined by blood analysis and
calculation before and after (e.g., 1, 3, 6, or 12 months after)
a renal neuromodulation procedure.

[0143] Other measurable physiological parameters may
also improve following renal neuromodulation. For
example, a patient may have an improvement in (e.g.,
reduction, maintain a level of, slow a rate of progression of)
atherosclerosis of extracranial and/or intracranial arteries,
clinical measurements of aortic and large-artery, small-
vessel disease or other alterations in small arteries providing
physiological blood flow, neural activity (e.g., in the
amygdala, ventromedial prefrontal cortex, dorsal anterior
cingulate cortex, hippocampus and/or insular cortex or other
regions involved in the limbic system), following a renal
neuromodulation procedure as determined by qualitative or
quantitative analysis (e.g., CT scan, PWV analysis, angiog-
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raphy, MM, PET scan, etc.) before and after (e.g., 1, 3, 6, or
12 months after; 2, 3, 4, 5 or 10 years after) a renal
neuromodulation procedure.

[0144] As discussed previously, the development of a
sleep disorder in certain individuals may be related to
sympathetic overactivity either before (e.g., chronic or epi-
sodic), during (e.g., at the time of), or following an adverse
life event or circumstance, and, correspondingly, the degree
of sympathoexcitation in a patient may be related to one or
more of the severity of the clinical presentation of a sleep
disorder, the number of traumatic events experienced by the
patient, whether the patient has had adversity during child-
hood, number and duration of adverse life events or ¢ircum-
stances (e.g., triggering psychological stress responses),
personal or family history of sleep disorders, depression or
mental illness, history of cardiovascular disease or stroke,
among other psychological, physiological and genetic/epi-
genetic factors. The kidneys are positioned to be both a
cause (via afferent nerve fibers) and a target (via efferent
sympathetic nerves) of elevated central sympathetic drive.
In some embodiments, renal neuromodulation can be used to
reduce central sympathetic drive in a patient demonstrating
one or more risk factors for a sleep disorder in a manner that
treats the patient for a sleep disorder and/or to prevent an
incidence of a sleep disorder in the patient in later life. In
some embodiments, for example, MSNA can be reduced by
at least about 10% in the patient within about three months
after at least partially inhibiting sympathetic neural activity
in nerves proximate a renal artery of the kidney. Similarly,
in some instances whole body norepinephrine spillover to
plasma can be reduced at least about 20%, about 30%, about
40%, about 45%, about 50% or a greater amount in the
patient within about three months to about 12 months after
at least partially inhibiting sympathetic neural activity in
nerves proximate a renal artery of the kidney. Additionally,
measured norepinephrine content (e.g., assessed via renal
biopsy, assessed in real-time via intravascular blood collec-
tion techniques, assessed in real-time via urine, etc.) can be
reduced (e.g., at least about 5%, 10%, or by at least 20%) in
the patient within about three months after at least partially
inhibiting sympathetic neural activity in nerves proximate a
renal artery innervating the kidney.

[0145] In one prophetic example, a patient having one or
more suspected risk factors for a sleep disorder and/or the
development of a sleep disorder can be subjected to a
baseline assessment indicating a first set of measurable
parameters corresponding to the one or more risk factors.
Such parameters can include, for example, levels of central
sympathetic drive (e.g., MSNA, whole body norepinephrine
spillover), measured norepinephrine content (e.g., assessed
via tissue biopsy, plasma or urine), blood pressure, 24-hour
blood pressure variability, heart rate variability, baroreceptor
sensitivity, heart rate during stress/stimuli, skin conduc-
tance, glucocorticoid levels (e.g., in hair, urine, plasma,
etc.), glucocorticoid resistance, CAR level, NPY level, CRH
level, inflammatory biomarker levels (e.g., IL-6, IL-8, TNF-
a, CRP, etc.), cholesterol levels, blood glucose levels, fast-
ing blood insulin levels, measures of insulin sensitivity,
body mass index, perceived cognitive functioning level
(e.g., self-reporting, third-party reporting, etc.), one or more
brain function test scores, and brain/body imaging for vas-
cular remodeling (e.g., arteriole stiffness, arterial blood
flow) and/or brain structural alterations (e.g., atrophy, neural
activity, etc.). Following baseline assessment, the patient can
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be subjected to a renal neuromodulation procedure. Such a
procedure can, for example, include any of the treatment
modalities described herein or another treatment modality in
accordance with the present technology. The treatment can
be performed on nerves proximate one or both kidneys of the
patient. Following the treatment (e.g., 1, 3, 6, or 12 months
following the treatment; 2, 3, 4, 5 or 10 years following the
treatment), the patient can be subjected to a follow-up
assessment. The follow-up assessment can indicate a mea-
surable improvement in one or more physiological param-
eters corresponding to the one or more suspected risk factors
for the sleep disorder or the development of a sleep disorder.

[0146] The methods described herein address the sympa-
thetic excess that is thought to be an underlying factor in
sleep disorder progression or a central mechanism through
which multiple sleep disorder risk factors are manifest in
patients. Currently, there are no therapies prescribed to
address the effects of sympathetic excess in patients sus-
pected of having a sleep disorder or a risk of developing a
sleep disorder. Certain proposed therapies, such as lifestyle
alterations (e.g., exercise, diet, alcohol and other substance/
drug avoidance, etc.), cognitive behavioral therapy, blood
pressure maintenance (e.g., administration of anti-hyperten-
sive therapies), anti-anxiety and/or anti-depression medica-
tions, sleep aides and medications, and reduction and/or
maintenance of cholesterol have significant limitations
including limited efficacy, undesirable side effects and may
be subject to adverse or undesirable drug interactions when
used in combination. Moreover, use of any drug regimens
(e.g., sleep medications, anti-anxiety, antidepressant, anti-
hypertensive, cholesterol-lowering, anti-inflammatory, etc.)
can have many challenges, including drug contraindications
and drug adherence (particularly prior to onset of symp-
toms). For example, many of these drug regimens may
require the patient to remain compliant with the treatment
regimen starting in early life (e.g., prior to on-set of a sleep
disorder diagnosis) and continue compliance over time. In
contrast, neuromodulation can be a one-time or otherwise
limited treatment that would be expected to have durable
benefits to treat sleep disorders, reduce severity of a sleep
disorder and/or inhibit the long-term potential of developing
a sleep disorder and thereby achieve a favorable patient
outcome.

[0147] In some embodiments, patients demonstrating one
or more risk factors associated with a sleep disorder or the
development of a sleep disorder and/or have one or more
physiological indicators of sympathetic excess (e.g., com-
bined with additional risk factors) can be treated with renal
neuromodulation alone. However, in other embodiments,
combinations of therapies can be tailored based on specific
conditions and sleep disorder risk factors in a particular
patient. For example, certain patients can be treated with
combinations of therapies such as one or more conventional
therapies for treating an anxiety disorder or depression, for
treating sleep disorders, and/or reducing blood pressure
(e.g., anti-hypertensive drug(s)) and treated with one or
more neuromodulation treatments. In another example, renal
neuromodulation can be combined with cholestercl lower-
ing agents (e.g., statins), anti-inflammatory therapy (e.g.,
drug(s)), as well as weight loss and lifestyle change recom-
mendations/programs. In certain embodiments, a patient
being treated with one or more pharmaceutical drugs for
anxiety and/or conditions associated with a sleep disorder
can be treated with renal neuromodulation to reduce at least
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one of a number of or a measured dosage of the pharma-
ceutical drugs administered to the patient.

[0148] Treatment of sleep disorder risk factors or symp-
toms and conditions associated with a sleep disorder may
refer to preventing the condition, slowing the onset or rate
of development of the condition, reducing the risk of devel-
oping the condition, preventing or delaying the development
of symptoms associated with the condition, reducing or
ending symptoms associated with the condition, generating
a complete or partial regression of the condition, or some
combination thereof.

IV. SELECTED EXAMPLES OF
NEUROMODULATION MODALITIES

[0149] As noted previously, complete or partial neuro-
modulation of a target renal sympathetic nerve in accor-
dance with embodiments of the present technology can be
electrically-induced, thermally-induced, chemically-in-
duced, or induced in another suitable manner or combination
of manners at one or more suitable locations along one or
more renal blood vessels during a treatment procedure. For
example, neuromodulation may be achieved using various
modalities, including for example monopolar or bipolar RF
energy, pulsed RF energy, microwave energy, laser light or
optical energy, magnetic energy, ultrasound energy (e.g.,
intravascularly delivered ultrasound, extracorporeal ultra-
sound, high-intensity focused ultrasound (HIFU)), direct
heat energy, radiation (e.g., infrared, visible, gamma), or
cryotherapeutic energy, chemicals (e.g., drugs or other
agents), or combinations thereof. Where a system uses a
monopolar configuration, a return electrode or ground patch
fixed externally on the subject can be used. In certain
embodiments, neuromodulation may utilize one or more
devices including, for example, catheter devices such as the
Symplicity Spyral™ catheter (Medtronic, Inc.). Other suit-
able thermal devices are described in U.S. Pat. No. 7,653,
438, U.S. Pat. No. 8,347,891, and U.S. patent application
Ser. No. 13/279,205, filed Oct. 21, 2011. Other suitable
devices and technologies are described in U.S. patent appli-
cation Ser. No. 13/279,330, filed Oct. 23, 2011, International
Patent Application No. PCT/US2015/021835, filed Mar. 20,
2015, and International Patent Application No. PCT/
US2015/013029, filed Jan. 27, 2015. Further, electrodes (or
other energy delivery elements) can be used alone or with
other electrodes in a multi-electrode array. Examples of
suitable multi-electrode devices are described in U.S. patent
application Ser. No. 13/281,360, filed Oct. 25, 2011, and
U.S. Pat. No. 8,888,773. Other examples of suitable direct
heat devices are described in International Patent Applica-
tion No. PCT/US2014/023738 filed Mar. 11, 2014, and U.S.
patent application Ser. No. 14,203,933, filed Mar. 11, 2014.
All of the foregoing patent references are incorporated
herein by reference in their entireties.

[0150] In those embodiments of the methods disclosed
herein that utilize partial ablation, the level of energy
delivered to the target artery and surrounding tissue may be
different than the level that is normally delivered for com-
plete neuromodulation. For example, partial neuromodula-
tion using RF energy may use alternate algorithms or
different power levels than RF energy for complete neuro-
modulation. Alternatively, partial neuromodulation methods
may utilize the same level of energy, but delivered to a
different depth within the tissue or to a more limited area. In
certain embodiments, partial neuromodulation may be
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achieved using a device that differs from a device used for
complete neuromodulation. In certain embodiments, a pat-
ticular treatment or energy modality may be more suitable
for partial neuromodulation than other treatment or energy
modalities. In some embodiments, neuromodulation may be
achieved using one or more chemical agents, such as by drug
delivery. In those embodiments that utilize partial neuro-
modulation, the methods may utilize the same devices
and/or drug delivery systems used for complete neuromodu-
lation, or they may use completely different devices for
energy and/or drug delivery.

[0151] Thermal effects can include both thermal ablation
and non-ablative thermal alteration or damage (e.g., via
sustained heating and/or resistive heating) to partially or
completely disrupt the ability of a nerve to transmit a signal.
Such thermal effects can include the heating effects associ-
ated with electrode-based or transducer-based treatment. For
example, a treatment procedure can include raising the
temperature of target neural fibers to a target temperature
above a first threshold to achieve non-ablative alteration, or
above a second, higher threshold to achieve ablation. In
some embodiments, the target temperature can be higher
than about body temperature (e.g., about 37° C.) but less
than about 45° C. for non-ablative alteration, and the target
temperature can be higher than about 45° C. for ablation.
More specifically, heating tissue to a temperature between
about body temperature and about 45° C. can induce non-
ablative alteration, for example, via moderate heating of
target neural fibers or vascular/luminal structures that per-
fuse the target neural fibers. In cases where vascular struc-
tures are affected, the target neural fibers can be denied
perfusion resulting in necrosis of the neural tissue. For
example, this may induce non-ablative thermal alteration in
the fibers or structures. Heating tissue to a target temperature
higher than about 45° C. (e.g., higher than about 60° C.) can
induce ablation, for example, via substantial heating of
target neural fibers or of vascular or luminal structures that
perfuse the target fibers. In some patients, it can be desirable
to heat tissue to temperatures that are sufficient to ablate the
target neural fibers or the vascular or luminal structures, but
that are less than about 90° C., e.g., less than about 85° C.,,
less than about 80° C., or less than about 75° C. Other
embodiments can include heating tissue to a variety of other
suitable temperatures.

[0152] In some embodiments, complete or partial neuro-
modulation of a renal sympathetic nerve can include an
electrode-based or transducer-based treatment modality
alone or in combination with another treatment modality.
Electrode-based or transducer-based treatment can include
delivering electricity and/or another form of energy to tissue
at a treatment location to stimulate and/or heat the tissue in
a manner that modulates neural function. For example,
sufficiently stimulating and/or heating at least a portion of a
sympathetic nerve can slow or potentially block conduction
of neural signals to produce a prolonged or permanent
reduction in sympathetic activity. A variety of suitable types
of energy, such as those mentioned above, can be used to
stimulate and/or heat tissue at a treatment location. In some
embodiments, neuromodulation can be conducted in con-
junction with one or more other tissue modulation proce-
dures. An element, transducer, or electrode used to deliver
this energy can be used alone or with other elements,
transducers, or electrodes in a multi-element array. Further-
more, the energy can be applied from within the body (e.g.,
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within the vasculature or other body lumens in a catheter-
based approach or outside the vasculature using, for
example, a Natural Orifice Transluminal Endoscopic Sur-
gery or NOTES procedure) and/or from outside the body,
e.g., via an applicator positioned outside the body. In some
embodiments, energy can be used to reduce damage to
non-targeted tissue when targeted tissue adjacent to the
non-targeted tissue is subjected to neuromodulating cooling.

[0153] As an alternative to or in conjunction with elec-
trode-based or transducer-based approaches, other suitable
energy delivery techniques, such as a cryotherapeutic treat-
ment modality, can be used for achieving therapeutically-
effective neuromodulation of a target sympathetic nerve. For
example, cryotherapeutic treatment can include cooling tis-
sue at a treatment location in a manner that modulates neural
function. For example, sufficiently cooling at least a portion
of a target sympathetic nerve can slow or potentially block
conduction of neural signals to produce a prolonged or
permanent reduction in sympathetic activity associated with
the target sympathetic nerve. This effect can occur as a result
of cryotherapeutic tissue damage, which can include, for
example, direct cell injury (e.g., necrosis), vascular or lumi-
nal injury (e.g., starving cells from nutrients by damaging
supplying blood vessels), and/or sublethal hypothermia with
subsequent apoptosis. Exposure to cryotherapeutic cooling
can cause acute cell death (e.g., immediately after exposure)
and/or delayed cell death, e.g., during tissue thawing and
subsequent hyperperfusion.

[0154] Neuromodulation using a cryotherapeutic treat-
ment in accordance with embodiments of the present tech-
nology can include cooling a structure proximate an inner
surface of a vessel or chamber wall such that tissue is
effectively cooled to a depth where sympathetic nerves
reside. For example, a cooling assembly of a cryotherapeutic
device can be cooled to the extent that it causes therapeu-
tically-effective, cryogenic neuromodulation. In some
embodiments, a cryotherapeutic treatment modality can
include cooling that is not configured to cause neuromodu-
lation. For example, the cooling can be at or above cryogenic
temperatures and can be used to control neuromodulation
via another treatment modality, e.g., to protect tissue from
neuromodulating energy. Other suitable cryotherapeutic
devices are described, for example, in U.S. patent applica-
tion Ser. No. 13/279,330, filed Oct. 23, 2011, and incorpo-
rated herein by reference in its entirety.

[0155] Cryotherapeutic treatment can be beneficial in cer-
tain embodiments. For example, rapidly cooling tissue can
provide an analgesic effect such that cryotherapeutic treat-
ment can be less painful than other treatment modalities.
Neuromodulation using cryotherapeutic treatment can there-
fore require less analgesic medication to maintain patient
comfort during a treatment procedure compared to neuro-
modulation using other treatment modalities. Additionally,
reducing pain can reduce patient movement and thereby
increase operator success and/or reduce procedural compli-
cations. Cryogenic cooling also typically does not cause
significant collagen tightening, and therefore is not typically
associated with vessel stenosis. In some embodiments, cryo-
therapeutic treatment can include cooling at temperatures
that can cause therapeutic elements to adhere to moist tissue.
This can be beneficial because it can promote stable, con-
sistent, and continued contact during treatment. The typical
conditions of treatment can make this an attractive feature
because, for example, patients can move during treatment,
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catheters associated with therapeutic elements can move,
and/or respiration can cause organs and tissues to rise and
fall and thereby move the arteries and other structures
associated with these organs and tissues. In addition, blood
flow is pulsatile and can cause structures associated with the
kidneys to pulse. Cryogenic adhesion also can facilitate
intravascular or intraluminal positioning, particularly in
relatively-small structures (e.g., renal branch arteries) in
which stable intravascular or intraluminal positioning can be
difficult to achieve.

[0156] The use of ultrasound energy can be beneficial in
certain embodiments. Focused ultrasound is an example of
a transducer-based treatment modality that can be delivered
from outside the body (i.e., extracorporeal). In some
embodiments, focused ultrasound treatment can be per-
formed in close association with imaging, e.g., magnetic
resonance, computed tomography, fluoroscopy, ultrasound
(e.g., intravascular or intraluminal), optical coherence
tomography, or another suitable imaging modality. For
example, imaging can be used to identify an anatomical
position of a treatment location, e.g., as a set of coordinates
relative to a reference point. The coordinates can then be
entered into a focused ultrasound device configured to
change the distance from source to target, power, angle,
phase, or other suitable parameters to generate an ultrasound
focal zone at the location corresponding to the coordinates.
In some embodiments, the focal zone can be small enough
to localize therapeutically-effective heating at the treatment
location while partially or fully avoiding potentially harmful
disruption of nearby structures. To generate the focal zone,
the ultrasound device can be configured to pass ultrasound
energy through a lens, and/or the ultrasound energy can be
generated by a curved transducer or by multiple transducers
in a phased array (curved or straight). In certain embodi-
ments, the ultrasound device may be a catheter device with
an ultrasound transducer or an array of ultrasound transduc-
ers on its distal tip. In other embodiments the ultrasound
device may comprise a cylindrical transducer. In certain
embodiments wherein the ultrasound device is being used to
perform partial ablation, the device may include discrete
and/or forward-facing transducers that can be rotated and
inserted at specific conditions, thereby allowing for more
discrete lesion formation. In other embodiments, however,
the extracorporeal and/or intravascular ultrasound devices
may have different arrangements and/or different features.

[0157] In some embodiments, neuromodulation can be
effected using a chemical-based treatment modality alone or
in combination with another treatment modality. Neuro-
modulation using chemical-based treatment can include
delivering one or more chemicals (e.g., drugs or other
agents) to tissue at a treatment location in a manner that
modulates neural function. The chemical, for example, can
be selected to affect the treatment location generally or to
selectively affect some structures at the treatment location
over other structures. In some embodiments, the chemical
can be guanethidine, vincristine, ethanol, phenol, a neuro-
toxin, or another suitable agent selected to alter, damage, or
disrupt nerves. In some embodiments, energy (e.g., light,
ultrasound, or another suitable type of energy) can be used
to activate the chemical and/or to cause the chemical to
become more bioavailable. A variety of suitable techniques
can be used to deliver chemicals to tissue at a treatment
location. For example, chemicals can be delivered via one or
more needles originating outside the body or within the
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vasculature or other body lumens (see, e.g., U.S. Pat. No.
6,978,174, the disclosure of which is hereby incorporated by
reference in its entirety). In an intravascular example, a
catheter can be used to intravascularly position a therapeutic
element including a plurality of needles (e.g., micro-
needles) that can be retracted or otherwise blocked prior to
deployment. In other embodiments, a chemical can be
introduced into tissue at a treatment location via simple
diffusion through a vessel wall, electrophoresis, or another
suitable mechanism. Similar techniques can be used to
introduce chemicals that are not configured to cause neuro-
modulation, but rather to facilitate neuromodulation via
another treatment modality. Examples of such chemicals
include, but are not limited to, anesthetic agents and contrast
agents.

[0158] Renal neuromodulation in conjunction with the
methods and devices disclosed herein may be carried out at
a location proximate (e.g., at or near) a vessel or chamber
wall (e.g., a wall of a renal artery, one or more branch vessels
from the renal artery, a ureter, a renal pelvis, a major renal
calyx, a minor renal calyx, and/or another suitable structure),
and the treated tissue can include tissue proximate the
treatment location. For example, with regard to a renal
artery. a treatment procedure can include modulating nerves
in the renal plexus, which lay intimately within or adjacent
to the adventitia of the renal artery.

[0159] Incertain embodiments, monitoring, assessing and/
or determining neuromodulation efficacy can be accom-
plished by detecting changes in the level of one or more
surrogate biomarkers (e.g., a biomarker that directly or
indirectly correlates with sympathetic nerve activity in the
patient, a biomarker that directly or indirectly correlates with
hypertension, arterial stiffness and/or an inflammatory
response in the patient) in serum, plasma and/or urine in
response to neuromodulation. Systems and method for
monitoring the efficacy of neuromodulation by measuring
the levels of one or more biomarkers associated with neu-
romodulation including, for example, proteins or non-pro-
tein molecules that exhibit an increase or decrease in level
or activity in response to neuromodulation are described in,
e.g., International Patent Application No. PCT/US2013/
030041, filed Mar. 8, 2013, and International Patent Appli-
cation No. PCT/US2015/047568, filed Aug. 28, 2015, the
disclosures of which are incorporated herein by reference in
their entireties. In other embodiments, measured levels of
protein or non-protein molecules (e.g., associated with not-
epinephrine spillover, associated with inflammatory
responses, etc.) that exhibit an increase or decrease in level
or activity in response to targeted neuromodulation can be
assessed pre- and post-neuromodulation in tissue biopsies.

V. SELECTED EMBODIMENTS OF RENAL
NEUROMODULATION SYSTEMS AND
DEVICES

[0160] FIG. 3 illustrates a renal neuromodulation system
10 configured in accordance with an embodiment of the
present technology. The system 10, for example, may be
used to perform therapeutically-effective renal neuromodu-
lation on a patient (a) to reduce the risk of occurrence of a
sleep disorder, (b) to reduce a calculated sleep disorder risk
score corresponding to a sleep disorder status, (c) to reduce
a severity of neurological symptoms relating to a sleep
disorder, and/or (d) to treat and/or prevent development of
one or more comorbid conditions/diseases associated with a
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sleep disorder (e.g.. hypertension, cardiovascular disease,
stroke risk, metabolic disorders, insulin resistance, diabetes,
systemic inflammation, dementia, chronic kidney disease,
etc.). In one embodiment, the patient may be diagnosed with
increased overall sympathetic activity, and, in particular,
conditions associated with central sympathetic overstimula-
tion and increased risk of developing a sleep disorder, such
as hypertension, blood pressure variability, systemic inflam-
mation, anxiety, chronic stress, depression, cardiovascular
disease, history of stroke or TIA, obesity, metabolic syn-
drome, insulin resistance and diabetes, among others.

[0161] The system 10 includes an intravascular treatment
device 12 operably coupled to an energy source or console
26 (e.g., a RF energy generator, a cryotherapy console). In
the embodiment shown in FIG. 3, the treatment device 12
(e.g., a catheter) includes an elongated shaft 16 having a
proximal portion 18, a handle 34 at a proximal region of the
proximal portion 18, and a distal portion 20 extending
distally relative to the proximal portion 18. The treatment
device 12 further includes a neuromodulation assembly or
treatment section 21 at the distal portion 20 of the shaft 16.
The neuromodulation assembly 21 can be configured to
ablate nerve tissue and/or for monitoring one or more
physiological parameters within the vasculature. Accord-
ingly, a neuromodulation assembly 21 suitable for ablation
may include one or more electrodes, transducers, energy-
delivery elements or cryotherapeutic cooling assemblies.
Neuromodulation assemblies 21 suitable for monitoring
may also include a nerve monitoring device and/or blood
collection/analysis device. In some embodiments, the neu-
romodulation assembly 21 can be configured to be delivered
to a renal blood vessel (e.g., a renal artery) in a low-profile
configuration.

[0162] In one embodiment, for example, the neuromodu-
lation assembly 21 can include a single electrode. In other
embodiments, the neuromodulation assembly 21 may com-
prise a basket and a plurality of electrodes carried by the
basket. The electrodes on the basket may be spaced apart
from each other such that each electrode is approximately
90° apart from a neighboring electrode. In yet another
embodiment, the neuromodulation assembly 21 can include
a balloon and a plurality of bipolar electrodes carried by the
balloon. In still another embodiment, the neuromodulation
assembly 21 has a plurality of electrodes arranged along an
elongated member transformable between a low-profile,
delivery configuration (e.g., contained in a delivery catheter)
and an expanded, deployed configuration in which the
elongated member has a helical/spiral shape. In further
embodiments, the neuromodulation assembly 21 can include
one or more electrodes configured to deliver ablation energy
and/or stimulation energy. In some arrangements, the neu-
romodulation assembly 21 can include one or more sensor(s)
for detecting impedance or nerve monitoring signals. In any
of the foregoing embodiments, the neuromodulation assem-
bly 21 may comprise an irrigated electrode.

[0163] Upon delivery to a target treatment site within a
renal blood vessel, the neuromodulation assembly 21 can be
further configured to be deployed into a treatment state or
arrangement for delivering energy at the treatment site and
providing therapeutically-effective electrically-induced and/
or thermally-induced renal neuromodulation. In some
embodiments, the neuromodulation assembly 21 may be
placed or transformed into the deployed state or arrangement
via remote actuation, e.g., via an actuator 36, such as a knob,
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pin, or lever carried by the handle 34. In other embodiments,
however, the neuromodulation assembly 21 may be trans-
formed between the delivery and deployed states using other
suitable mechanisms or techniques.

[0164] The proximal end of the neuromodulation assem-
bly 21 can be carried by or affixed to the distal portion 20 of
the elongated shaft 16. A distal end of the neuromodulation
assembly 21 may terminate with, for example, an atraumatic
rounded tip or cap. Alternatively, the distal end of the
neuromodulation assembly 21 may be configured to engage
another element of the system 10 or treatment device 12. For
example, the distal end of the neuromodulation assembly 21
may define a passageway for engaging a guide wire (not
shown) for delivery of the treatment device using over-the-
wire (“OTW”) or rapid exchange (“RX”) techniques. The
treatment device 12 can also be a steerable or non-steerable
catheter device (e.g., a guide catheter) configured for use
without a guide wire. Body lumens (e.g.. ducts or internal
chambers) can be treated, for example, by non-percutane-
ously passing the shaft 16 and neuromodulation assembly 21
through externally accessible passages of the body or other
suitable methods.

[0165] The console 26 can be configured to generate a
selected form and magnitude of energy for delivery to the
target treatment site via the neuromodulation assembly 21. A
control mechanism, such as a foot pedal 32, may be con-
nected (e.g., pneumatically connected or electrically con-
nected) to the console 26 to allow an operator to initiate,
terminate and, optionally, adjust various operational char-
acteristics of the console 26, including, but not limited to,
power delivery. The system 10 may also include a remote
control device (not shown) that can be positioned in a sterile
field and operably coupled to the neuromodulation assembly
21. The remote control device can be configured to allow for
selective activation of the neuromodulation assembly 21. In
other embodiments, the remote control device may be built
into the handle assembly 34. The console 26 can be con-
figured to deliver the treatment energy via an automated
control algorithm 30 and/or under the control of the clini-
cian. In addition, the console 26 may include one or more
evaluation and/or feedback algorithms 31 to provide feed-
back to the clinician before, during, and/or after therapy.
[0166] The console 26 can further include a device or
monitor that may include processing circuitry, such as a
microprocessor, and a display 33. The processing circuitry
may be configured to execute stored instructions relating to
the control algorithm 30. The console 26 may be configured
to communicate with the treatment device 12 (e.g., via a
cable 28) to control the neuromodulation assembly and/or to
send signals to or receive signals from the nerve monitoring
device. The display 33 may be configured to provide indi-
cations of power levels or sensor data, such as audio, visual
or other indications, or may be configured to communicate
information to another device. For example, the console 26
may also be configured to be operably coupled to a catheter
lab screen or system for displaying treatment information,
such as nerve activity before and/or after treatment.

[0167] In certain embodiments, a neuromodulation device
for use in the methods disclosed herein may combine two or
more energy modalities. For example, the device may
include both a hyperthermic source of ablative energy and a
hypothermic source, making it capable of, for example,
performing both RF neuromodulation and cryo-neuromodu-
lation. The distal end of the treatment device may be straight
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(for example, a focal catheter), expandable (for example, an
expanding mesh or balloon), or have any other configura-
tion. For example, the distal end of the treatment device can
be at least partially helical/spiral in the deployed state.
Additionally or alternatively, the treatment device may be
configured to carry out one or more non-ablative neuro-
modulatory techniques. For example, the device may com-
prise a means for diffusing a drug or pharmaceutical com-
pound at the target treatment area (e.g., a distal spray
nozzle).

VI. SELECTED EXAMPLES OF TREATMENT
PROCEDURES FOR RENAL

NEUROMODULATION
[0168] A. Achieving Intravascular Access to the Renal
Artery
[0169] In accordance with the present technology, neuro-

modulation of a left and/or right renal plexus RP, which is
intimately associated with a left and/or right renal artery,
may be achieved through intravascular access. As FIG. 4A
shows, blood moved by contractions of the heart is conveyed
from the left ventricle of the heart by the aorta. The aorta
descends through the thorax and branches into the left and
right renal arteries. Below the renal arteries, the aorta
bifurcates at the left and right iliac arteries. The left and right
iliac arteries descend, respectively, through the left and right
legs and join the left and right femoral arteries.

[0170] As FIG. 4B shows, the blood collects in veins and
returns to the heart, through the femoral veins into the iliac
veins and into the inferior vena cava. The inferior vena cava
branches into the left and right renal veins. Above the renal
veins, the inferior vena cava ascends to convey blood into
the right atrium of the heart. From the right atrium, the blood
is pumped through the right ventricle into the lungs, where
it is oxygenated. From the lungs, the oxygenated blood is
conveyed into the left atrium. From the left atrium, the
oxygenated blood is conveyed by the left ventricle back to
the aorta.

[0171] As will be described in greater detail later, the
femoral artery may be accessed and cannulated at the base
of the femoral triangle just inferior to the midpoint of the
inguinal ligament. A catheter may be inserted percutane-
ously into the femoral artery through this access site, passed
through the iliac artery and aorta, and placed into either the
left or right renal artery. This route comprises an intravas-
cular path that offers minimally invasive access to a respec-
tive renal artery and/or other renal blood vessels.

[0172] The wrist, upper arm, and shoulder region provide
other locations for introduction of catheters into the arterial
system. For example, catheterization of either the radial,
brachial, or axillary artery may be utilized in select cases.
Catheters introduced via these access points may be passed
through the subclavian artery on the left side (or via the
subclavian and brachiocephalic arteries on the right side),
through the aortic arch, down the descending aorta and into
the renal arteries using standard angiographic technique.

[0173] B. Properties and Characteristics of the Renal Vas-
culature
[0174] Properties and characteristics of the renal vascula-

ture impose challenges to both access and treatment meth-
ods, and to system/device designs. Since neuromodulation
of a left and/or right renal plexus RP may be achieved in
accordance with embodiments of the present technology
through intravascular access, various aspects of the design of
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apparatus, systems, and methods for achieving such renal
neuromodulation are disclosed herein. Aspects of the tech-
nology disclosed herein address additional challenges asso-
ciated with variation of physiological conditions and archi-
tecture across the patient population and/or within a specific
patient across time, as well as in response to disease states,
such as hypertension, atherosclerosis, vascular disease,
chronic inflammatory condition, insulin resistance, diabetes,
metabolic syndrome, etc. For example, the design of the
intravascular device and treatment protocols can address not
only material/mechanical, spatial, fluid dynamic/hemody-
namic and/or thermodynamic properties, but also provide
particular algorithms and feedback protocols for delivering
energy and obtaining real-time confirmatory results of suc-
cessfully delivering energy to an intended target location in
a patient-specific manner.

[0175] As discussed previously, a catheter may be
advanced percutaneously into either the left or right renal
artery via a minimally invasive intravascular path. However,
minimally invasive renal arterial access may be challenging,
for example, because as compared to some other arteries that
are routinely accessed using catheters, the renal arteries are
often extremely tortuous, may be of relatively small diam-
eter, and/or may be of relatively short length. Furthermore,
renal arterial atherosclerosis is common in many patients,
particularly those with cardiovascular disease. Renal arterial
anatomy also may vary significantly from patient to patient,
which further complicates minimally invasive access. Sig-
nificant inter-patient variation may be seen, for example, in
relative tortuosity, diameter, length, and/or atherosclerotic
plaque burden, as well as in the take-off angle at which a
renal artery branches from the aorta. Apparatus, systems and
methods for achieving renal neuromodulation via intravas-
cular access can account for these and other aspects of renal
arterial anatomy and its variation across the patient popu-
lation when minimally invasively accessing a renal artery.
For example, spiral or helical CT technology can be used to
produce 3D images of the vascular features for individual
patients, and intravascular path choice as well as device
size/diameter, length, flexibility, etc. can be selected based
upon the patient’s specific vascular features.

[0176] In addition to complicating renal arterial access,
specifics of the renal anatomy also complicate establishment
of stable contact between neuromodulatory apparatus and a
luminal surface or wall of a renal blood vessel. When the
neuromodulatory apparatus includes an energy delivery ele-
ment, such as an electrode, transducer, or a cryotherapeutic
device, consistent positioning and appropriate contact force
applied by the energy or cryotherapy delivery element to the
vessel wall, and adhesion between the applicator and the
vessel wall can be important for predictability. However,
navigation can be impeded by the tight space within a renal
artery RA, as well as tortuosity of the artery. Furthermore,
establishing consistent contact can be complicated by patient
movement, respiration, and/or the cardiac cycle because
these factors may cause significant movement of the renal
artery RA relative to the aorta, and the cardiac cycle may
transiently distend the renal artery RA (i.e., cause the wall of
the artery to pulse). To address these challenges, the treat-
ment device or applicator may be designed with relative
sizing and flexibility considerations. For example, the renal
artery may have an internal diameter in a range of about 2-10
mm and the treatment device can be delivered using a 3, 4,
5, 6, 7 French, or in some cases, an 8 French sized catheter.
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To address challenges associated with patient and/or arterial
movement during treatment, the treatment device and neu-
romodulation system can be configured to use sensory
feedback, such as impedance and temperature, to detect
instability and to alert the operator to reposition the device
and/or to temporarily stop treatment. In other embodiments,
energy delivery algorithms can be varied in real-time to
account for changes detected due to patient and/or arterial
movement. In further examples, the treatment device may
include one or more modifications or movement resistant
enhancements such as atraumatic friction knobs or barbs on
an outside surface of the device for resisting movement of
the device relative to the desired tissue location, positionable
balloons for inflating and holding the device in a consistent
and stable position during treatment, or the device can
include a cryogenic component that can temporarily freeze
or adhere the device to the desired tissue location.

[0177] After accessing a renal artery and facilitating stable
contact between neuromodulatory apparatus and a luminal
surface of the artery, nerves in and around the adventitia of
the artery can be modulated via the neuromodulatory appa-
ratus. In further embodiments, energy can be applied via the
neuromodulatory apparatus to renal perivascular adipose
tissue positioned adjacent to the targeted renal artery. Effec-
tively applying thermal treatment from within a renal artery
is non-trivial given the potential clinical complications asso-
ciated with such treatment. For example, the intima and
media of the renal artery are highly vulnerable to thermal
injury. As discussed in greater detail below, the intima-
media thickness separating the vessel lumen from its adven-
titia means that target renal nerves may be multiple milli-
meters distant (e.g., 1-3 mm) from the luminal surface of the
artery. Sufficient energy can be delivered to or heat removed
from the target renal nerves to modulate the target renal
nerves without excessively cooling or heating the vessel
wall to the extent that the wall is frozen, desiccated, or
otherwise potentially affected to an undesirable extent. For
example, when employing energy modalities such as RF or
ultrasound, energy delivery can be focused on a location
further from the interior vessel wall. In one embodiment, the
majority of the RF or ultrasound energy can be focused on
a location (e.g., a “hot spot”) 1-3 mm beyond the interior
surface of the vessel wall. The energy will dissipate from the
hot spot in a radially decreasing manner. Thus, the targeted
nerves can be modulated without damage to the luminal
surface of the vessel. A potential clinical complication
associated with excessive heating is thrombus formation
from coagulating blood flowing through the artery. Given
that this thrombus may cause a kidney infarct, thereby
causing irreversible damage to the kidney, thermal treatment
from within the renal artery RA can be applied carefully.
Accordingly, the complex fluid mechanics and thermody-
namic conditions present in the renal artery during treat-
ment, particularly those that may impact heat transfer
dynamics at the treatment site, may be important in applying
energy (e.g., heating thermal energy) and/or removing heat
from the tissue (e.g., cooling thermal conditions) from
within the renal artery. Accordingly, sensory feedback, such
as impedance and temperature, can be used to assess
whether a desired energy distribution is administered at the
treatmentt site and can, in some instances, be used to change
an energy delivery algorithm in real-time to adjust for
varying fluctuations in the properties and conditions affect-
ing heat transfer dynamics at the treatment site.
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[0178] The neuromodulatory apparatus can also be con-
figured to allow for adjustable positioning and repositioning
of an energy delivery element or a cryotherapeutic device,
within the renal artery since location of treatment may also
impact clinical efficacy. For example, it may be tempting to
apply a full circumferential treatment from within the renal
artery given that the renal nerves may be spaced circumfer-
entially around a renal artery. In some situations, full-circle
lesion likely resulting from a continuous circumferential
treatment may be potentially related to renal artery stenosis.
Therefore, the formation of more complex lesions along a
longitudinal dimension of the renal artery via the cryothera-
peutic devices or energy delivery elements and/or reposi-
tioning of the neuromodulatory apparatus to multiple treat-
ment locations may be desirable. It should be noted,
however, that a benefit of creating a circumferential lesion or
ablation may outweigh the potential of renal artery stenosis
or the risk may be mitigated with certain embodiments or in
certain patients and creating a circumferential lesion or
ablation could be a goal. Additionally, variable positioning
and repositioning of the neuromodulatory apparatus may
prove to be useful in circumstances where the renal artery is
particularly tortuous or where there are proximal branch
vessels off the renal artery main vessel, making treatment in
certain locations challenging.

[0179] Blood flow through a renal artery may be tempo-
rarily occluded for a short time with minimal or no com-
plications. However, occlusion for a significant amount of
time can be avoided in some cases to prevent injury to the
kidney such as ischemia. It can be beneficial to avoid
occlusion altogether or, if occlusion is beneficial, to limit the
duration of occlusion, for example to 2-5 minutes.

[0180] C. Neuromodulation of Renal Sympathetic Nerve
at Treatment Site

[0181] FIG. 5 illustrates modulating renal nerves with an
embodiment of the system 10 (FIG. 3). The treatment device
12 provides access to the renal plexus RP through an
intravascular path P, such as a percutaneous access site in the
femoral (illustrated), brachial, radial, or axillary artery to a
targeted treatment site within a respective renal artery RA.
As illustrated, a section of the proximal portion 18 of the
shaft 16 is exposed externally of the patient. By manipulat-
ing the proximal portion 18 of the shaft 16 from outside the
intravascular path P, the clinician may advance the shaft 16
through the sometimes tortuous intravascular path P and
remotely manipulate the distal portion 20 of the shaft 16.
Image guidance, e.g., CT, fluoroscopy, intravascular ultra-
sound (IVUS), optical coherence tomography (OCT), or
another suitable guidance modality, or combinations thereof,
may be used to aid the clinician’s manipulation. Further, in
some embodiments, image guidance components (e.g.,
IVUS, OCT) may be incorporated into the treatment device
12. In some embodiments, the shaft 16 and the neuromodu-
lation assembly 21 can be 3, 4, 5, 6, or 7 French or another
suitable size. Furthermore, the shaft 16 and the neuromodu-
lation assembly 21 can be partially or fully radiopaque
and/or can include radiopaque markers corresponding to
measurements, e.g., every 5 cm.

[0182] After the neuromodulation assembly 21 is
adequately positioned in the renal artery RA, it can be
radially expanded or otherwise deployed using the handle 34
or other suitable control mechanism until the neuromodu-
lation assembly is positioned at its target site and in stable
contact with the inner wall of the renal artery RA. The
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purposeful application of energy from the neuromodulation
assembly can then be applied to tissue to induce one or more
desired neuromodulating effects on localized regions of the
renal artery RA and adjacent regions of the renal plexus RP,
which lay intimately within, adjacent to, or in close prox-
imity to the adventitia of the renal artery RA. For example,
the application of energy can be applied to renal neural
tissue or to renal perivascular adipose tissue that within,
adjacent to, or in close proximity to the adventitia of the
renal artery RA. The neuromodulating effects may include
denervation, thermal ablation, and non-ablative thermal
alteration or damage (e.g., via sustained heating and/or
resistive heating). The purposeful application of the energy
may achieve neuromodulation along all or at least a portion
of the renal plexus RP. In targeting the renal perivascular
adipose tissue, the effects of the energy delivery may
achieve thermal ablation or non-ablative thermal alteration
or damage to such cells. While delivery of energy to alter or
damage renal perivascular adipose tissue has been dis-
cussed, it is also anticipated that other types of cell-altering
or damaging therapies (e.g., delivery of chemical agents) can
be used.

[0183] In the deployed state, the neuromodulation assem-
bly 21 can be configured to contact an inner wall of a vessel
of the renal vasculature and to form a suitable lesion or
pattern of lesions without the need for repositioning. For
example, the neuromodulation assembly 21 can be config-
ured to form a single lesion or a series of lesions, e.g,
overlapping and/or non-overlapping. In some embodiments,
the lesion(s) (e.g., pattern of lesions) can extend around
generally the entire circumference of the vessel, but can still
be non-circumferential at longitudinal segments or zones
along a lengthwise portion of the vessel. This can facilitate
precise and efficient treatment with a low possibility of
vessel stenosis. In other embodiments, the neuromodulation
assembly 21 can be configured form a partially-circumfer-
ential lesion or a fully-circumferential lesion at a single
longitudinal segment or zone of the vessel. During treat-
ment, the neuromodulation assembly 21 can be configured
for partial or full occlusion of a vessel. Partial occlusion can
be useful, for example, to reduce ischemia, while full
occlusion can be useful, for example, to reduce interference
(e.g., warming or cooling) caused by blood flow through the
treatment location. In some embodiments, the neuromodu-
lation assembly 21 can be configured to cause therapeuti-
cally-effective neuromodulation (e.g., using ultrasound
energy) without contacting a vessel wall.

[0184] As mentioned previously, the methods disclosed
herein may use a variety of suitable energy modalities,
including RF energy, pulsed RF energy, microwave energy,
laser, optical energy, ultrasound energy (e.g., intravascularly
delivered ultrasound, extracorporeal ultrasound, HIFU),
magnetic energy, direct heat, cryotherapy, radiation (e.g,,
infrared, visible, gamma), or a combination thereof. Alter-
natively or in addition to these techniques, the methods may
utilize one or more non-ablative neuromodulatory tech-
niques. For example, the methods may utilize non-ablative
SNS neuromodulation by removal of target nerves (e.g.,
surgically), injection of target nerves with a destructive drug
or pharmaceutical compound, or treatment of the target
nerves with non-ablative energy modalities (e.g., laser or
light energy). In certain embodiments, the amount of reduc-
tion of the sympathetic nerve activity may vary depending
on the specific technique being used.
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[0185] In certain embodiments, a neuromodulation device
for use in the methods disclosed herein may combine two or
more energy modalities. For example, the device may
include both a hyperthermic source of ablative energy and a
hypothermic source, making it capable of, for example,
performing both RF neuromodulation and cryo-neuromodu-
lation. The distal end of the treatment device may be straight
(for example, a focal catheter), expandable (for example, an
expanding mesh or cryoballoon), or have any other configu-
ration. For example, the distal end of the treatment device
can be at least partially helical/spiral in the deployed state.
Additionally or alternatively, the treatment device may be
configured to carry out one or more non-ablative neuro-
modulatory techniques. For example, the device may com-
prise a means for diffusing a drug or pharmaceutical com-
pound at the target treatment area (e.g., a distal spray
nozzle).

[0186] Furthermore, a treatment procedure can include
treatment at any suitable number of treatment locations, e.g.,
a single treatment location, two treatment locations, or more
than two treatment locations. In some embodiments, differ-
ent treatment locations can correspond to different portions
of the renal artery RA, the renal vein, and/or other suitable
structures proximate tissue having relatively high concen-
trations of renal nerves. The shaft 16 can be steerable (e.g.,
via one or more pull wires, a steerable guide or sheath
catheter, etc.) and can be configured to move the neuro-
modulation assembly 21 between treatment locations. At
each treatment location, the neuromodulation assembly 21
can be activated to cause modulation of nerves proximate
the treatment location. Activating the neuromodulation
assembly 21 can include, for example, heating, cooling,
stimulating, or applying another suitable treatment modality
at the treatment location. Activating the neuromodulation
assembly 21 can further include applying various energy
modalities at varying power levels, intensities and for vari-
ous durations for achieving modulation of nerves proximate
the treatment location. In some embodiments, power levels,
intensities and/or treatment duration can be determined and
employed using various algorithms for ensuring modulation
of nerves at select distances (e.g., depths) away from the
treatment location. Furthermore, as noted previously, in
some embodiments, the neuromodulation assembly 21 can
be configured to introduce (e.g., inject) a chemical (e.g., a
drug or other agent) into target tissue at the treatment
location. Such chemicals or agents can be applied at various
concentrations depending on treatment location and the
relative depth of the target nerves.

[0187] As discussed, the neuromodulation assembly 21
can be positioned at a treatment location within the renal
artery RA, for example, via a catheterization path including
a femoral artery and the aorta, or another suitable catheter-
ization path, e.g., a radial or brachial catheterization path.
Catheterization can be guided, for example, using imaging,
e.g., magnetic resonance, computed tomography, fluoros-
copy, ultrasound, intravascular ultrasound, optical coher-
ence tomography, or another suitable imaging modality. The
neuromodulation assembly 21 can be configured to accom-
modate the anatomy of the renal artery RA, the renal vein,
and/or another suitable structure. For example, the neuro-
modulation assembly 21 can include a balloon (not shown)
configured to inflate to a size generally corresponding to the
internal size of the renal artery RA, the renal vein, and/or
another suitable structure. In some embodiments, the neu-
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romodulation assembly 21 can be an implantable device and
a treatment procedure can include locating the neuromodu-
lation assembly 21 at the treatment location using the shaft
16 fixing the neuromodulation assembly 21 at the treatment
location, separating the neuromodulation assembly 21 from
the shaft 16, and withdrawing the shaft 16. Other treatment
procedures for modulation of renal nerves in accordance
with embodiments of the present technology are also pos-
sible.

[0188] FIG. 6 is a block diagram illustrating a method 600
of modulating renal nerves using the system 10 described
above with reference to FIGS. 3 and 5. With reference to
FIGS. 3, 5 and 6 together, the method 600 can optionally
include selecting a suitable candidate patient having an
identifiable sleep disorder risk factor for performing renal
neuromodulation (block 602). For example, a suitable
patient can include a patient having a sleep disorder risk
score corresponding to a sleep disorder status in the patient
that is above a threshold level, a patient having one or more
measurable risk factors for developing a sleep disorder, a
patient having one or more identifiable sleep dysfunction-
associated symptoms, a patient diagnosed with a sleep
disorder, an at-risk patient having a history of a sleep or
other mental disorder (e.g., depression, anxiety disorder)
and/or a genetic predisposition for developing a sleep dis-
order, and/or a patient with a history of cardiovascular
disease or stroke and having one or more identifiable risk
factors for developing a sleep disorder.

[0189] Modulating SNS nerves innervating the kidneys is
expected to lower renal nerve activity and/or central SNS
nerve activity, thereby inhibiting, preventing, slowing, dis-
rupting or reversing physiological pathways associated with
sleep disorders and/or lowering a risk associated with devel-
oping a sleep disorder in the patient either before or after
on-set of one or more sleep dysfunction-associated symp-
toms. In particular, targeting the renal nerve for neuromodu-
lation is anticipated to reduce renal norepinephrine spillover,
whole body norepinephrine spillover, and reduce central
sympathetic drive (e.g., reduce a level of efferent SN'S nerve
firing) in the patient, thereby inhibiting, preventing, slowing,
disrupting or reversing a sleep disorder and/or symptoms
associated with a sleep disorder and/or conditions proposed
to increase a patient’s risk of developing a sleep disorder.
Further, damaging renal perivascular adipose tissue is antici-
pated to reduce renal norepinephrine spillover (e.g.,
released) from these cells. Without being bound by theory,
renal neuromodulation is anticipated to address the hyper-
activity of the SNS and/or the elevated SNS tone present in
patients with a sleep disorder and/or patients having one or
more risk factors for developing a sleep disorder. In other
instances, and without being bound by theory, an overactive
or hyperactive SNS is believed to be an underlying contrib-
uting cause of sleep disorders and renal neuromodulation is
anticipated to prevent or prohibit the development of a
hyperactive or overactive SNS in a patient prior to or
subsequent to experiencing an adverse life event or circum-
stance that precipitates, for example, excessive or chronic
psychological stress. In such instances, sleep disorders and/
or sleep dysfunction-associated symptoms can be attenuated
and/or avoided despite experiencing the stress-inducing,
adverse life event or circumstance.

[0190] The method 600 can include intravascularly locat-
ing the neuromodulation assembly 21 in a delivery state
(e.g., low-profile configuration) to a first target site in or near
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a first renal blood vessel (e.g., first renal artery) or first renal
ostium (block 605). The treatment device 12 and/or portions
thereof (e.g., the neuromodulation assembly 21) can be
inserted into a guide catheter or sheath to facilitate intra-
vascular delivery of the neuromodulation assembly 21. In
certain embodiments, for example, the treatment device 12
can be configured to fit within an 8 Fr guide catheter or
smaller (e.g., 7 Fr, 6 Fr, etc.) to access small peripheral
vessels. A guide wire (not shown) can be used to manipulate
and enhance control of the shaft 16 and the neuromodulation
assembly 21 (e.g., in an OTW or a RX configuration). In
some embodiments, radiopaque markers and/or markings on
the treatment device 12 and/or the guide wire can facilitate
placement of the neuromodulation assembly 21 at the first
target site (e.g., a first renal artery or first renal ostium of the
patient). In some embodiments, a contrast material can be
delivered distally beyond the neuromodulation assembly 21,
and fluoroscopy and/or other suitable imaging techniques
can be used to aid in placement of the neuromodulation
assembly 21 at the first target site.

[0191] The method 600 can further include connecting the
treatment device 12 to the console 26 (block 610), and
determining whether the neuromodulation assembly 21 is in
the correct position at the target site and/or whether the
neuromodulation assembly (e.g., electrodes or cryotherapy
balloon) is functioning properly (block 615). Once the
neuromodulation assembly 21 is properly located at the first
target site and no malfunctions are detected, the console 26
can be manipulated to initiate application of an energy field
to the target site to cause electrically-induced and/or ther-
mally-induced partial or full denervation of the kidney (e.g.,
using electrodes or cryotherapeutic devices). Accordingly,
heating and/or cooling of the neuromodulation assembly 21
causes modulation of renal nerves at the first target site to
cause partial or full denervation of the kidney associated
with the first target site (block 620).

[0192] In one example, the treatment device 12 can be an
RF energy emitting device and RF energy can be delivered
through energy delivery elements or electrodes to one or
more locations along the inner wall of the first renal blood
vessel or first renal ostium for predetermined periods of time
(e.g., 120 seconds). In some embodiments, multiple treat-
ments (e.g., 4-6) may be administered in both the left and
right renal blood vessels (e.g., renal arteries) to achieve a
desired coverage and/or desired inhibition of sympathetic
neural activity in the body.

[0193] In some embodiments, a treatment procedure can
include applying a suitable treatment modality at a treatment
location in a testing step (not shown) followed by a treat-
ment step. The testing step, for example, can include apply-
ing the treatment modality at a lower intensity and/or for a
shorter duration than during the treatment step. This can
allow an operator to determine (e.g., by neural activity
sensors and/or patient feedback) whether nerves proximate
the treatment location are suitable for modulation. Perform-
ing a testing step can be particularly useful for treatment
procedures in which targeted nerves are closely associated
with nerves that could cause undesirable side effects if
modulated during a subsequent treatment step.

[0194] A technical objective of a treatment may be, for
example, to heat tissue to a desired depth (e.g., at least about
3 mm) to a temperature that would lesion a nerve (e.g., about
65° C.). A clinical objective of the procedure typically is to
treat (e.g., lesion) a sufficient number of renal nerves (either
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efferent or afferent nerves) to cause a reduction in sympa-
thetic tone or drive to the kidneys. If the technical objective
of a treatment is met (e.g., tissue is heated to about 65° C.
to a depth of about 3 mm) the probability of forming a lesion
of renal nerve tissue is high. The greater the number of
technically successful treatments, the greater the probability
of modulating a sufficient proportion of renal nerves, and
thus the greater the probability of clinical success.

[0195] In a specific example of using RF energy for renal
nerve modulation, a clinician can commence treatment
which causes the control algorithm 30 (FIG. 3) to initiate
instructions to the generator (not shown) to gradually adjust
its power output to a first power level (e.g., 5 watts) over a
first time period (e.g., 15 seconds). The power increase
during the first time period is generally linear. As a result, the
generator increases its power output at a generally constant
rate of power/time. Alternatively, the power increase may be
non-linear (e.g., exponential or parabolic) with a variable
rate of increase. Once the first power level and the first time
are achieved, the algorithm may hold at the first power level
until a second predetermined period of time has elapsed
(e.g., 3 seconds). At the conclusion of the second period of
time, power is again increased by a predetermined increment
(e.g., 1 watt) to a second power level over a third predeter-
mined period of time (e.g., 1 second). This power ramp in
predetermined increments of about 1 watt over predeter-
mined periods of time may continue until a maximum power
P, ..+ 1s achieved or some other condition is satisfied. In one
embodiment, P, is 8 watts. In another embodiment P,
is 10 watts. Optionally, the power may be maintained at the
maximum power P, ;- for a desired period of time or up to
the desired total treatment time (e.g., up to about 120
seconds).

[0196] In another specific example, the treatment device
12 can be a cryogenic device and cryogenic cooling can be
applied for one or more cycles (e.g., for 30 second incre-
ments, 60 second increments, 90 second increments, etc.) in
one or more locations along the circumference and/or length
of the first renal artery or first renal ostium. The cooling
cycles can be, for example, fixed periods or can be fully or
partially dependent on detected temperatures (e.g., tempera-
tures detected by a thermocouple (not shown) of the neu-
romodulation assembly 21). In some embodiments, a first
stage can include cooling tissue until a first target tempera-
ture is reached. A second stage can include maintaining
cooling for a set period, such as 15-180 seconds (e.g., 90
seconds). A third stage can include terminating or decreasing
cooling to allow the tissue to warm to a second target
temperature higher than the first target temperature. A fourth
stage can include continuing to allow the tissue to warm for
a set period, such as 10-120 seconds (e.g., 60 seconds). A
fifth stage can include cooling the tissue until the first target
temperature (or a different target temperature) is reached. A
sixth stage can include maintaining cooling for a set period,
such as 15-180 seconds (e.g., 90 seconds). A seventh stage
can, for example, include allowing the tissue to warm
completely (e.g., to reach a body temperature).

[0197] The neuromodulation assembly 21 can then be
located at a second target site in or near a second renal blood
vessel (e.g., second renal artery) or second renal ostium
(block 625), and correct positioning of the assembly 21 can
be determined (block 630). In selected embodiments, a
contrast material can be delivered distally beyond the neu-
romodulation assembly 21 and fluoroscopy and/or other
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suitable imaging techniques can be used to locate the second
renal artery. The method 600 continues by applying targeted
heat or cold to effectuate renal neuromodulation at the
second target site to cause partial or full denervation of the
kidney associated with the second target site (block 635).

[0198] After providing the therapeutically-effective neu-
romodulation energy (e.g., cryogenic cooling, RF energy,
ultrasound energy, etc.), the method 600 may also include
removing the treatment device 12 (e.g., catheter) and the
neuromodulation assembly 21 from the patient (block 640).
In some embodiments, the neuromodulation assembly 21
can be an implantable device (not shown) and a treatment
procedure can include implanting the neuromodulation
assembly 21 at a suitable treatment location within the
patient. Other treatment procedures for modulation of target
sympathetic nerves in accordance with embodiments of the
present technology are also possible.

[0199] The method 600 may also include determining
whether the neuromodulation sufficiently modulated nerves
or other neural structures proximate the first and second
target sites (block 645). For example, the process of deter-
mining whether the neuromodulation therapeutically treated
the nerves can include determining whether nerves were
sufficiently modulated or otherwise disrupted to reduce,
suppress, inhibit, block or otherwise affect the afferent
and/or efferent renal signals (e.g., by evaluation of suitable
biomarkers, stimulation and recording of nerve signals, etc.).
Examples of suitable biomarkers and their detection are
described in International Patent Application No. PCT/
US2013/030041, filed Mar. 8, 2013, and International Patent
Application No. PCT/US2015/047568, filed Aug. 28, 2015,
the disclosures of which are incorporated herein by refer-
ence in their entireties. Other suitable devices and technolo-
gies, such as endovascular intraoperative renal nerve moni-
toring devices are described in International Patent
Application No. PCT/US12/63759, filed Jan. 29, 2013, and
incorporated herein by reference in its entirety.

[0200] In a further embodiment, patient assessment could
include determining whether the neuromodulation therapeu-
tically treated the patient for one or more symptoms asso-
ciated with a sleep disorder, e.g., core sleep disorder symp-
toms (e.g., difficulty in falling asleep, waking in the middle
of the night or early morming, waking to use the bathroom,
snoring and/or coughing, unable to breath comfortably, too
cold or hot, experiencing bad dreams, experiencing pain,
needing medication to fall asleep, feeling sad, feeling ner-
vous or anxious, experiencing restless legs before or during
sleep, difficulty staying awake during the day, experiencing
difficulty in maintaining enthusiasm in activities or hobbies,
etc.), feelings of anxiety or depression, systemic inflamma-
tion, and undesirable elevations in heart rate, blood pressure,
and skin conductance, among others. Assessment of certain
suitable biomarkers and/or nerve signals may be made
immediately or shortly after neuromodulation (e.g., about 15
minutes, about 24 hours, or about 7 days post-neuromodu-
lation). In further embodiments, patient assessment could be
performed at time intervals (e.g., about 1 month, 3 months,
6 months, 12 months) following neuromodulation treatment.
For example, the patient can be assessed for measurements
of blood pressure, blood pressure variability, nocturnal
blood pressure “dipping,” MSBP level, skin conductance,
resting heart rate, measures of sympathetic activity (e.g.,
MSNA, renal and/or total body norepinephrine spillover,
plasma norepinephrine levels, and heart rate variability),
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peripheral inflammatory markers (e.g., 1L-6, CRP, etc.),
NPY level, measures of HPA axis function (e.g., glucocor-
ticoid levels (e.g., in hair, urine, plasma, etc.), glucocorticoid
resistance, CAR level, CRH level, etc.), sodium level,
potassium level, plasma aldosterone concentration, plasma
renin activity, aldosterone-to-renin ratio, salt suppression,
levels of components of the RAAS (e.g., angiotensinogen 11
levels), urinary Na™/K* levels, markers of renal damage or
measures of renal function (e.g. creatinine level, estimated
glomerular filtration rate, blood urea nitrogen level, creati-
nine clearance, cystatin-C level, NGAL levels, KIM-1 lev-
els, presence of proteinuria or microalbuminuria, urinary
albumin creatinine ratio), and/or a post-neuromodulation
sleep disorder risk score (e.g., via a sleep quality screening
tool for determining a severity of a sleep disorder).

[0201] In other embodiments, various steps in the method
600 can be modified, omitted, and/or additional steps may be
added. In further embodiments, the method 600 can have a
delay between applying therapeutically-effective neuro-
modulation energy to a first target site at or near a first renal
artery or first renal ostium and applying therapeutically-
effective neuromodulation energy to a second target site at or
near a second renal artery or second renal ostium. For
example, neuromodulation of the first renal artery can take
place at a first treatment session, and neuromodulation of the
second renal artery can take place at a second treatment
session at a later time.

[0202] FIG. 7 is a block diagram illustrating a method 900
for improving a sleep disorder risk score for a patient in
accordance with aspects of the present technology. In a first
step, the method 700 can include determining an initial sleep
disorder risk score for a patient (block 702). For example,
one or more suitable sleep disorder risk score calculating
techniques or tools can be used to establish a sleep disorder
risk score corresponding to a sleep disorder status in the
patient as described above. At decision block 704, the initial
sleep disorder risk score can be evaluated against a threshold
risk score or value. If the initial sleep disorder risk score is
not above the threshold risk score, there is no need to reduce
the sleep disorder risk score for the patient at the current
time and no treatment is selected to perform (block 706). In
such a patient, a clinician may recommend monitoring the
patient’s sleep disorder risk score over time. For example, a
clinician can optionally determine an updated initial sleep
disorder risk score for the patient after a determined time
lapse (e.g., 1 month, 2 months, 3 months, 6 months, 12
months, etc.) (block 708). Following each sleep disorder risk
score evaluation (block 708), the patient’s sleep disorder
risk score is evaluated against the threshold risk score or
value (decision block 704).

[0203] If the patient’s sleep disorder risk score from
method step 702, or from the optional method step 708, is
higher than the threshold risk score, the method 700 can
include performing a neuromodulation procedure in the
patient (block 710). In one example, the patient can be a
suitable candidate patient as identified in method step 602 of
method 600 described above, and the neuromodulation
procedure can be performed as described in continuing steps
of method 600. In other embodiments, a clinician can
perform an alternative neuromodulation procedure at
method step 710. For example, neuromodulation of other
target (e.g., non-renal) sympathetic nerves or neuromodula-
tion in a single renal blood vessel (e.g., renal artery) may be
performed on the patient.
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[0204] The method 700 is expected to improve the
patient’s sleep disorder risk score or reduce a probability of
the patient developing a sleep disorder. Optionally, the
clinician can further determine a post-neuromodulation
sleep disorder risk score for the patient (block 712). For
example, the patient can be evaluated using the sleep dis-
order risk score tool to assess the patient’s post-neuromodu-
lation sleep disorder status or, alternatively, risk of devel-
oping a sleep disorder. If the post-neuromodulation sleep
disorder risk score is determined for the patient in step 712,
the method includes comparing the post-neuromodulation
sleep disorder risk score to the initial sleep disorder risk
score (block 714). In determining if the method 700 is
successful, the post-neuromodulation sleep disorder risk
score is lower than the patient’s initial sleep disorder risk
score as determined in step 702 (or updated initial sleep
disorder risk score as determined in step 708). In some
examples, the post-neuromodulation sleep disorder risk
score is lower than the initial sleep disorder risk score by
about 5%, about 10%, about 20% or about 30%. In other
embodiments, the post-neuromodulation sleep disorder risk
score is lower than the initial sleep disorder risk score by
more than 30%. In certain embodiments, the post-neuro-
modulation sleep disorder risk score can be lower than the
threshold risk score.

VII. EXPERIMENTAL EXAMPLES

Example 1

[0205] This section describes an example of the outcome
of renal neuromodulation on human patients. A total of 45
patients (mean age of 58+9 years) diagnosed with essential
hypertension were treated with percutaneous, catheter based
renal nerve ablation. Treatment included RF energy delivery
to the renal artery using a single-electrode Symplicity
Flex™ catheter commercially available from Medtronic,
Inc., of 710 Medtronic Parkway, Minneapolis, Minn. 55432-
5604. In this human trial, a radiotracer dilution method was
used to assess overflow of norepinephrine from the kidneys
into circulation before and 15-30 days after the procedure in
10 patients. Bilateral renal-nerve ablation resulted in a
marked reduction in mean norepinephrine spillover from
both kidneys: 47% (95% confidence interval) one month
after treatment.

[0206] In asimilar human trial where bilateral renal nerve
ablation was performed in 70 patients, whole-body norepi-
nephrine levels (i.e., a measure of “total” sympathetic activ-
ity), fell by nearly 50% after renal nerve ablation and
measurement of muscle sympathetic nerve activity showed
a drop of 66% over 6 months, further supporting the
conclusion that total sympathetic dive was reduced by the
renal denervation procedure in this patient group.

Example 2

[0207] Example 2 describes the outcome of catheter-based
renal neuromodulation on human patients diagnosed with
hypertension. Patients selected having a baseline systolic
blood pressure of 160 mm Hg or more (2150 mm Hg for
patients with type 2 diabetes) and taking three or more
antihypertensive drugs, were randomly allocated into two
groups: 51 assessed in a control group (antihypertensive
drugs only) and 49 assessed in a treated group (undergone
renal neuromodulation and antihypertensive drugs).
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[0208] Patients in both groups were assessed at 6 months.
Office-based blood pressure measurements in the treated
group were reduced by 32/12 mm Hg (SD 23/11, baseline of
178/96 mm Hg, p<0.0001), whereas they did not differ from
baseline in the control group (change of 1/0 mm Hg,
baseline of 178/97 mm Hg, p=0.77 systolic and p=0.83
diastolic). Between-group differences in blood pressure at 6
months were 33/11 mm Hg (p<0.0001). At 6 months, 41
(84%) of 49 patients who underwent renal neuromodulation
had a reduction in systolic blood pressure of 10 mm Hg or
more, compared with 18 (35%) of 51 control patients
(p<0.0001).

Example 3

[0209] Example 3 describes the outcome of catheter-based
renal neuromodulation on animal subjects in an additional
experiment. In this example (and referring to FIGS. 8A and
8B), studies using the pig model were performed using a
multi-electrode Symplicity Spyral™ catheter or a single-
electrode Symplicity Flex™ catheter along with a Symplic-
ity G3™ generator. The catheters and generator were com-
mercially available from Medtronic, Inc. The catheters were
used in these cohorts of animals (n=66) to create multiple RF
ablations in the renal vasculature. Cortical axon density in
the renal cortex (FIG. 8A) and renal cortical norepinephrine
(NE) concentration (FIG. 8B) were used as markers to
measure procedural efficacy.

[0210] As shown in FIG. 8A, cortical axon area (per mm?)
dropped approximately greater than 54% between a control
group (n=64) and treated groups of pigs (n=66) undergoing
treatment. For pigs undergoing treatment with the Symplic-
ity Flex™ catheter (n=54), an average of 4.1 lesions were
formed in each animal. These pigs demonstrated a 56.9%
increase in non-functional axonal area along the renal artery,
and a 68% decrease in cortical axon area as compared with
the control group. For pigs undergoing treatment with the
Symplicity Spyral™ catheter (n=12), an average of 4.0
lesions were formed in each animal. The pigs undergoing
treatment with the Symplicity Spyral™ catheter demon-
strated a 47.3% increase in non-functional area along the
renal artery, and a 54% decrease in cortical axon area
relative to the control group. Without being bound by theory,
it is believed that the loss of cortical axons is a likely
consequence of nerve atrophy distal to the ablation sites.

[0211] FIG. 8B includes (a) a graph of normalized cortical
axon area vs. renal NE concentration, and (b) a graph of
renal NE concentration vs. extent (%) of nerve ablation.
Referring to the table of FIG. 10A and the two graphs of
FIG. 8B together, cortical axon area correlates directly with
renal NE. In particular, pigs undergoing treatment with the
Symplicity Flex™ catheter exhibited a 65% decrease in
mean NE level compared with the pigs in the control group.
The pigs treated with the Symplicity Spyral™ catheter
exhibited a 68% decrease in mean NE level compared with
the pigs in the control group. This is further shown by the
first graph of FIG. 8B, which demonstrates that a decrease
in cortical axon area correlates with a decrease in NE levels.
Referring to the second graph of FIG. 8B, renal NE decrease
is non-linear with increased loss of nerve viability along the
artery (further extent (%) of nerve ablation). These findings
suggest that catheter-based renal neuromodulation exhibits a
relatively consistent impact on sympathetic nerve function
and viability, and further suggest that neuromodulation of
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SNS fibers innervating a target tissue and/or organ (such as
the kidney) result in a significant decrease in local NE
concentration.

Example 4

[0212] Example 4 describes an example of the outcome of
renal neuromodulation on human patients. Markers of car-
diovascular inflammation and remodeling were assessed
(Dérr, O., et al., Clin Res Cardiol, 2015, 104: 175-184). A
total of 60 patients (mean age of 67.9£9.6 years) diagnosed
with resistant arterial hypertension were treated with percu-
taneous, catheter-based renal sympathetic denervation.
Treatment included RF energy delivery to the renal artery
using a Symplicity™ catheter system commercially avail-
able from Medtronic, Inc. In this human trial, a therapeutic
response was defined as a systolic blood pressure (BP)
reduction of >10 mmHg in the office blood pressure mea-
surement 6 months after renal denervation. Of the 60
patients, 49 patients (82%) were classified as responders
with a mean systolic BP reduction of >10 mmHg. Venous
blood samples for determination of biomarkers of inflam-
mation (e.g., IL-6, high-sensitive C-reactive protein
(hsCRP)) and markers of vascular remodeling (matrix met-
alloproteinases (MMP-2 and MMP-9), tissue inhibitors of
matrix metalloproteinases (TIMP-1)) were collected at base-
line (prior to renal denervation) and 6 months after renal
denervation for all patients.

[0213] Collected data from all patients demonstrated that
bilateral renal nerve denervation resulted in a significant
reduction in mean office systolic BP of 26.4 mmHg (169.
3+11.3 mmHg at baseline vs. 142.9+13.8 mmHg at follow-
up; p<0.001). The procedure further resulted in a significant
reduction in the serum levels of hsCRP (3.6 mg/dl at
baseline vs. 1.7 mg/dL at follow-up, p<0.001), and a sig-
nificant reduction in the pro-inflammatory cytokine I1L-6
(4.04 pg/mL at baseline vs. 2.2 pg/mL at follow-up, p<0.
001) six months after treatment. Additionally, the procedure
resulted in a significant increase in the serum levels of
MMP-9 (425.2 ng/ml at base line vs. 574.1 ng/mL at
follow-up, p=0.02), and in serum levels of MMP-2 (192.3
ng/mL at baseline vs. 231.3 ng/mL at follow-up, p<0.001).
There were no significant changes in TIMP-1 6 months after
renal denervation. Notably, of non-responders (e.g., patients
with a BP reduction of <10 mmHg), serum levels of hsCRP
still decreased (3.2 mg/dL, at baseline vs. 2.4 mg/dL at
follow-up, p=0.09), and serum levels of IL-6 still decreased
(3.1 pg/mL at baseline vs. 2.7 pg/mL at follow-up, p=0.16),
although there was a significantly greater beneficial effect of
renal denervation on biomarker levels in BP responders
when compared with non-responders.

[0214] These findings suggest that catheter-based renal
neuromodulation exhibits a positive vascular and systemic
effect on mediators of inflammation, IL-6 and hsCRP, and
inhibitors (MMP-9 and MMP-2) of deleterious cardiovas-
cular remodeling. Low serum levels of MMP-9 and MMP-2
have been found to be essential to damaging vascular
remodeling found in essential hypertension and progression
of end-organ damage These findings suggest that levels of
MMP-9 and MMP-2, which are involved in ECM turnover
in different tissues, including the arterial wall, can be
elevated post-renal neuromodulation, and, without being
bound by theory, are postulated to be beneficial in reversal
of damage to the vessels caused by inflammation, cardio-
vascular disease and/or hypertension. As elevated inflam-
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matory biomarkers, such as IL-6 and CRP, have been
proposed as predictors and possible contributors of sleep
disorder etiology and/or incidence of a sleep disorder, these
results demonstrate that renal neuromodulation may be
useful to reduce a severity of a sleep disorder, reverse a sleep
disorder diagnosis, or reduce a risk associated with the
development of a sleep disorder in susceptible or at risk
patients. In addition to lowering systolic BP in (responsive)
hypertensive patients, these findings suggest that renal den-
ervation has a positive effect on biomarkers of inflammation
(e.g., IL-6, hsCRP) and cardiovascular remodeling (e.g.,
MMP-2, MMP-9) separate from and in addition to the effect
on blood pressure.

Example 5

[0215] Example 5 describes an example of the effects of
renal neuromodulation on nocturnal blood pressure using
ambulatory 24-hour blood pressure (BP) monitoring in
human patients. Elevated blood pressure during the night-
time as well as early morning hours (e.g., elevated morning
surge in BP; “MSBP”) is associated with an increased risk
of cardiovascular events and strokes, and MSBP is associ-
ated with sleep disorders independent from “non-dipping”
nocturnal blood pressure, with higher morning surges asso-
ciated with higher levels of sleep disturbance symptoms,
including poorer overall sleep quality (FitzGerald, L., et al.,
J Hum Hypertens, 2012, 26: 228-235; Kario, K., et al,,
Hypertension, 2015, 66:1130-1137; Kario, K. and Hama-
saki, H., J Clin Hypertens, 2015, 17: 682-685). In this
example, a total of 576 patients diagnosed with resistant
arterial hypertension (e.g., baseline office systolic BP=160
mm Hg and 24-hour ambulatory systolic BP=135 mm Hg)
were either treated (“RDN treated”; n=382) with bilateral
percutaneous, catheter-based renal sympathetic denervation
(mean age of 58x11 years) or blindly treated (“blind con-
trol”; n=159) with a sham procedure (e.g., renal angiogram)
or not treated (“control”; n=19) (Kario, K., et al., Hyper-
tension, 2015, 66:1130-1137). Treatment included RF
energy delivery to the renal artery using a Symplicity™
catheter system (Medtronic, Inc.). The renal neuromodula-
tion (“RDN”) treated group received up to six ablations
rotated in 45 degree increments and approximately 5 mm
apart for 2 minutes each in both renal arteries. Treatments
were delivered from the first distal main renal artery bifur-
cation to the ostium proximally and were spaced longitudi-
nally and rotationally under fluoroscopic guidance. BP vari-
ability, morning ambulatory, nighttime ambulatory and
daytime ambulatory systolic BP was measured by 24-hour
ambulatory BP monitoring before renal denervation and at 6
months after renal denervation.

[0216] In patients with resistant hypertension, renal den-
ervation resulted in significant reduction in ambulatory
nighttime and morning BP. For example, mean ambulatory
nighttime BP measurements in the RDN treated group were
reduced by 6.3x18.2 mm Hg (p<0.001; baseline of 151.
5£18.3 mm Hg, p=0.24), whereas they were not significantly
reduced (-1.7+19.2 mm Hg; p=0.233) from baseline (149.
5£20.1 mm Hg, p=0.24) in the blind control+control group
6 months post-neuromodulation. Further, mean ambulatory
morning BP measurements in the RDN treated group were
reduced by 7.3x19.6 mm Hg (p<0.001; baseline of 161.
2x17.2 mm Hg, p=0.24), whereas they were not significantly
reduced (-3.2+21.0 mm Hg; p=0.046) from baseline (160.
3x19.2 mm Hg, p=0.579) in the blind control+control group
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6 months post-neuromodulation. These findings suggest that
patients presenting with a sleep disorder and treated with
renal neuromodulation will have decreased ambulatory
nighttime systolic BP and decreased MSBP which will
reduce the patient’s likelihood (e.g., lower level of risk) of
developing, progressing or worsening cardiovascular dis-
ease. These findings further suggest that patients with a sleep
disorder and treated with renal neuromodulation will
improve one or more symptoms relating to the sleep disor-
der.

Example 6

[0217] Example 6 describes a method for treating human
patients diagnosed with a sleep disorder with renal neuro-
modulation and anticipated outcomes of such treatment. In
this example, human patients diagnosed with a sleep disor-
der will be treated with renal denervation and a method of
treatment includes modulating nerve tissue surrounding the
main renal artery (e.g., locations along the main renal vessel,
locations at or near the bifurcation, etc.) and/or modulating
nerve tissue surrounding one or more primary branch trunks
(e.g., proximal portion of one or more primary branch
vessels distal to the bifurcation).

[0218] For patients undergoing distal main renal artery
treatment, modulating nerve tissue includes forming a plu-
rality of spaced-apart lesions at the distal segment of the
renal artery and within a distance of approximately 6 mm
proximal to the branch point within the renal artery using the
Symplicity Spyral™ catheter, commercially available from
Medtronic, Inc. For example, a first (e.g., most distal) lesion
can be formed about 5-6 mm proximal from the bifurcation.
Other multi-electrode, spiral/helical-shaped catheters for
forming multiple lesions along the length of the vessel are
also contemplated for these methods. For patients undergo-
ing main artery treatment at a central segment of the main
renal artery, the Symplicity Spyral™ catheter can be used to
form a plurality of spaced-apart lesions (e.g., about 2 lesions
to about 4 lesions) in a spiral/helical pattern along the central
segment of the main renal artery. The catheter may also be
moved proximally and/or distally to form multiple sets of
lesions during a procedure.

[0219] For patients undergoing renal branch treatment,
modulating nerve tissue includes forming up to about four
lesions (e.g., about 2 lesions to about 4 lesions) in one or
more primary branch trunks (e.g., from about 1 mm to about
6 mm distal to the primary bifurcation, in regions greater
than 2 mm distal to the primary bifurcation). Modulation of
nerve tissue at branch trunk treatment sites and/or different
combinations of treatment sites within the renal vasculature
(e.g., locations along the main renal vessel, locations at or
near the bifurcation, etc.) can also be performed using the
multi-electrode Symplicity Spyral™ catheter. Other multi-
electrode, spiral/helical-shaped catheters having a tighter
spiral/helix (e.g., smaller pitch) for forming multiple lesions
close in proximity along the length of the vessel are con-
templated for these methods.

[0220] In a particular example, a method for efficaciously
neuromodulating renal nerve tissue in a human patient can
include advancing a multi-electrode Symplicity Spyral™
catheter to a first renal artery branch vessel approximately 6
mm distal to the bifurcation. Following retraction of a
guidewire and/or straightening sheath, the Symplicity
Spyral™ catheter can transform to a spiral/helically-shaped
configuration that accommodates the inner diameter of a
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typical renal artery and/or the branches of the renal artery
(e.g., about 2-10 mm), placing the electrodes (e.g., 4 elec-
trodes) in contact with the vessel wall. A first (e.g., most
distal) lesion can be formed about 5-6 mm distal to the
bifurcation. Following treatment at the first renal artery
branch, the catheter can be withdrawn into the main renal
vessel and then advanced under fluoroscopy into a second
renal artery branch and the treatment procedure can be
repeated. Some methods can include treating two branch
vessels at the proximal trunk segment of the branch vessel.
Other methods can include treating greater than two or all of
the primary branch vessels branching from the main renal
vessel (e.g., distal to a primary bifurcation). As described
above, these methods may also include combining neuro-
modulation of renal nerve tissue surrounding one or more
primary branch trunks with neuromodulation of renal nerve
tissue at additional treatment locations (e.g., locations along
the main renal vessel, locations at or near the bifurcation,
etc.). Other methods can include advancing a multi-elec-
trode Symplicity Spyral™ catheter to a first renal artery
branch vessel approximately 10 mm distal to the bifurcation,
with a first (e.g., most distal) lesion formed about 9-10 mm
distal to the bifurcation.

[0221] Physiological biomarkers, such as systemic cat-
echolamines and/or their subsequent degradation products
could be measured in either plasma, serum or urine to serve
as surrogate markers to measure procedural efficacy such as
described in International Patent Application No. PCT/
US2015/047568, filed Aug. 28, 2015, and incorporated
herein by reference in its entirety.

[0222] Itis anticipated that treating a human patient diag-
nosed with a sleep disorder or having an increased risk of
developing a sleep disorder (e.g., a predisposition, having
one or more biomarkers suggesting an increased likelihood,
genetic/epigenetic factors, etc.) or having one or more
measurable risk factors predictive for the development of a
sleep disorder, with renal neuromodulation, at one or more
of the described treatment locations, will inhibit sympathetic
neural activity in the renal nerve in a manner that reduces a
central sympathetic drive (e.g., as correlated with whole
body norepinephrine spillover and/or renal norepinephrine
spillover) by greater than about 20%, about 30%, about
40%, about 50% or greater than about 60% in about 1
month, in about 3 months, in about 6 months or in about 12
months, or in another embodiment, in about 3 months to
about 12 months, after renal neuromodulation treatment,
Reduction in central sympathetic drive is anticipated to
result in a therapeutically beneficial improvement in one or
more measurable physiological parameters corresponding to
an incidence of a sleep disorder, and/or a severity of a sleep
disorder in the patient.

Example 7

[0223] Example 7 describes a method for determining
human patients who have a calculated risk score for deter-
mining a sleep disorder status (e.g., diagnosis) at or above a
threshold sleep disorder risk score and treating such patients
with targeted sympathetic neuromodulation of renal SNS
neural fibers innervating the kidney. In this example, human
patients having a calculated sleep disorder risk score meet-
ing or exceeding a threshold sleep disorder risk score will be
treated with renal neuromodulation to improve the patient’s
sleep disorder risk score and/or lower the patient’s sleep
disorder risk score (e.g., in a manner that improves the
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patient’s sleep disorder status, reverses the patient’s sleep
disorder diagnosis, and/or improves one or more symptoms
or contributing factors associated with the sleep disorder in
the patient).

[0224] Patients presenting one or more risk factors or
indicators predictive for or indicative of a sleep disorder will
be assessed for other possible risk factors and a sleep
disorder risk score will be calculated. In this example, a
patient will fill out a questionnaire or otherwise have an
attending physician assess risk factors. A sleep disorder risk
score calculator based on risk factor data to determine a
probability or likelihood of sleep disorder status (e.g., diag-
nosis) in an individual is shown in FIG. 9. The sleep disorder
risk score calculator shown in FIG. 9 is derived from data
provided in the PSQI study to develop a model of a
technique to assess duration and/or frequency of sleep
dysfunction-associated symptoms and screen the patient for
risk factors and indicators of a sleep disorder to determine a
likelihood and/or severity of a sleep disorder diagnosis
(Buysse, D. 1., et al., Psychiatry Res, 1989, 28: 193-213).
[0225] Referring to the sleep disorder risk score calculator
shown in FIG. 9, a patient will be queried and assessed for
core sleep disorder symptoms (e.g., difficulty in falling
asleep, waking in the middle of the night or early morning,
waking to use the bathroom, snoring and/or coughing,
unable to breath comfortably, too cold or hot, experiencing
bad dreams, experiencing pain, needing medication to fall
asleep, difficulty staying awake during the day, experiencing
difficulty in maintaining enthusiasm in activities or hobbies,
etc.). In addition to these twelve clinical measures, the
patient may also be examined and/or tested by a physician
for determination of other physiological variables pertaining
to the SNS such as, for example, heart rate variability, heart
rate reactions to stress, whole body MSNA levels (FIG. 9),
and systolic blood pressure (e.g., daytime, nocturnal and
morning surge) (not shown in FIG. 9). In this example, the
input to the calculator will yield both a patient-specific sleep
disorder risk score as well as an indication as to whether
RDN treatment is recommended. In this example, the thresh-
old sleep disorder risk score is 11. An indication of RDN
recommendation may be based on whether the patient’s
sleep disorder risk score is at or above the threshold sleep
disorder risk score, either alone or in combination with one
or more physician-administered tests assessing SNS activity
or systolic blood pressure level.

[0226] As illustrated in FIG. 9, a hypothetical patient
reports experiencing 1 sleep disorder inventory symptom
three or more times a week, 4 sleep disorder inventory
symptoms once or twice a week, 4 sleep disorder inventory
symptoms less than once a week, and indicated that 4 sleep
disorder inventory symptoms were not experienced (e.g.,
over the past month). The hypothetical patient further rated
their sleep quality as fairly bad over the past month. A
physician-administered SNS test assessing heart rate vari-
ability indicated the patient’s SDNN intervals were less than
the 50 ms threshold, and a test for baroreflex indicated that
the baroreceptor sensitivity was less than 1.74 ms/mmHg;
however the patient did not exceed threshold levels in heart
rate reactions to stress, and whole body MSNA levels. The
hypothetical patient’s sleep disorder risk score of 17 exceeds
the threshold level determination (e.g., greater than 10) for
a sleep disorder diagnosis. In this example, the sleep disor-
der risk score together with meeting at least one SNS
threshold, qualifies the hypothetical patient as a candidate
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for receiving RDN treatment. In another example, the hypo-
thetical patient is a candidate for receiving RDN treatment
with or without the additional SNS tests (or ascertaining a
systolic blood pressure for the patient). Following bilateral
renal neuromodulation treatment, the hypothetical patient
may have improvement in one or more measurable risk
factors (e.g., heart rate variability, severity or frequency of
sleep disturbances, nocturnal and/or morning surge blood
pressure, etc.), and/or reported risk factors pertaining to core
sleep-disorder symptoms (e.g., difficulty in falling asleep,
waking in the middle of the night or early morning, waking
to use the bathroom, snoring and/or coughing, unable to
breath comfortably, too cold or hot, experiencing bad
dreams, experiencing pain, needing medication to fall
asleep, feeling sad, feeling nervous or anxious, experiencing
restless legs before or during sleep, difficulty staying awake
during the day, experiencing difficulty in maintaining enthu-
siasm in activities or hobbies, etc.), that improves the
patient’s sleep disorder risk score, and in some cases, to
levels below the threshold sleep disorder risk score level(s).

VIII. FURTHER EXAMPLES

[0227] 1.Inanormotensive patient diagnosed with a sleep
disorder, a method comprising:

[0228] intravascularly positioning a neuromodulation
assembly within a renal blood vessel of the patient and
adjacent to a renal nerve of the patient; and

[0229] at least partially inhibiting sympathetic neural
activity in the renal nerve of the patient via the neuro-
modulation assembly,

[0230] wherein at least partially inhibiting sympathetic
neural activity results in a therapeutically beneficial
improvement in a measurable parameter associated
with the sleep disorder of the patient.

[0231] 2. The method of example 1 wherein at least
partially inhibiting sympathetic neural activity in the patient
in a manner that results in a therapeutically beneficial
improvement in a measurable parameter associated with the
sleep disorder comprises one or more of improving a sleep
pattern of the patient, improving a sleep quality of the
patient, and reducing a level of insomnia in the patient.
[0232] 3. The method of example 1 or example 2 wherein
the patient is diagnosed with one or more of insomnia,
hypersomnia, circadian rhythm disorder, movement disor-
der, and parasomnia.

[0233] 4. The method of any one of examples 1-3 wherein
reducing sympathetic neural activity in the patient in a
manner that results in a therapeutically beneficial improve-
ment in a measurable parameter associated with the sleep
disorder comprises reducing a morning surge blood pressure
and/or a nocturnal blood pressure in the patient.

[0234] 5. The method of one of examples 1-4 wherein
reducing sympathetic neural activity in the patient in a
manner that results in a therapeutically beneficial improve-
ment in a measurable parameter associated with the sleep
disorder comprises improving one or more of a difficulty in
getting to sleep, the number of times the patient wakes up
during the night or early morning, the amount of snoring, the
number of bad dreams or night terrors, the number of times
a patient takes medication to fall asleep, or the level of
fatigue during waking hours as measured on a sleep quality
screening tool.

[0235] 6. The method of any one of examples 1-5 wherein
reducing sympathetic neural activity in the patient further
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comprises improving one or more sleep dysfunction-asso-
ciated symptoms in the patient as reported on a sleep quality
screening tool.

[0236] 7. The method of example 6 wherein improving
one or more sleep dysfunction-associated symptoms in the
patient includes reducing a level of sleep dysfunction-
associated symptoms and/or a number of sleep dysfunction-
associated symptoms.

[0237] 8. The method of example 6 or example 7 wherein
improving one or more sleep dysfunction-associated symp-
toms in the patient includes reducing a level of sleep
dysfunction-associated symptoms in the patient by at least
about 5%, at least about 10%, at least about 20% or at least
about 40%.

[0238] 9. The method of example 6 or example 7 wherein
improving one or more sleep dysfunction-associated symp-
toms in the patient includes reducing a number of sleep
dysfunction-associated symptoms in the patient by at least
about 5%, at least about 10%, at least about 20% or at least
about 40% within about three months to about 12 months
after at least partially inhibiting sympathetic neural activity
in the patient by delivering energy to the renal nerve.
[0239] 10. The method of any one of examples 1-9
wherein the patient is further diagnosed with depression or
an anxiety disorder.

[0240] 11. The method of any one of examples 1-10
wherein the patient is between the ages of 18 and 45,
between the ages of 18 and 30, between the ages of 20 and
40, or between the ages of 20 and 35.

[0241] 12. The method of any one of examples 1-10
wherein the patient is between the ages of 35 and 65,
between the ages of 45 and 65, between the ages of 50 and
70, or the patient is at least 35 years old.

[0242] 13. The method of any one of examples 1-12
wherein at least partially inhibiting sympathetic neural activ-
ity in the patient further comprises reducing an incidence of
stroke, cardiovascular disease, hypertension, a metabolic
disorder, obesity, dementia, chronic kidney disease, osteo-
porosis or infertility in the patient.

[0243] 14. The method of any one of examples 1-12
wherein the patient has a history of cardiovascular disease or
stroke, and wherein at least partially inhibiting sympathetic
neural activity in the patient further comprises reducing an
incidence of a future cardiovascular event or stroke.
[0244] 15. The method of example 1 wherein at least
partially inhibiting sympathetic neural activity in the patient
in a manner that results in a therapeutically beneficial
improvement in a measurable parameter associated with the
sleep disorder comprises improving a patient’s sleep disor-
der risk score on a sleep quality screening tool.

[0245] 16. The method of any one of examples 1-15
wherein at least partially inhibiting sympathetic neural activ-
ity in the patient in a manner that results in a therapeutically
beneficial improvement in a measurable parameter associ-
ated with the sleep disorder includes one or more of:

[0246] increasing a heart rate variability of the patient;

[0247] increasing baroreceptor sensitivity in the patient;

[0248] reducing a morning surge blood pressure in the
patient;

[0249] reducing a plasma cortisol level in the patient;

[0250] reducing a level of glucocorticoid resistance in

the patient; and
[0251] reducing a level of an inflammatory biomarker in
the patient.
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[0252] 17. The method of example 16 wherein the inflam-
matory biomarker is at least one of interleukin-6, interleu-
kin-8, tumor necrosis factor-alpha, and C-reactive protein.
[0253] 18. The method of any one of examples 1-17
wherein the patient is diagnosed with a non-apnea sleep
disorder.

[0254] 19. The method of any one of examples 1-18
wherein reducing sympathetic neural activity in the renal
nerve further reduces at least one of whole body norepi-
nephrine spillover in the patient or muscle sympathetic
nerve activity (MSNA) in the patient.

[0255] 20. The method of example 19 wherein the whole
body norepinephrine spillover is reduced by at least about
20% 1in about one month or reduced by greater than about
40% in about three months to about 12 months after reduc-
ing sympathetic neural activity in the renal nerve.

[0256] 21. The method of example 1, further comprising
delivering energy to renal perivascular adipose tissue adja-
cent to the renal blood vessel of the patient via the neuro-
modulation assembly to reduce norepinephrine spillover to
plasma.

[0257] 22. The method of any one of examples 1-21
wherein the patient is currently administered one or more
pharmaceutical drugs for the sleep disorder, and wherein at
least partially inhibiting sympathetic neural activity in the
patient in a manner that results in a therapeutically beneficial
improvement in a measurable parameter associated with the
sleep disorder comprises reducing at least one of a number
of or a measured dosage of pharmaceutical drugs adminis-
tered to the patient for the sleep disorder.

[0258] 23. The method of example 22 wherein the phar-
maceutical drugs include one or more of an anti-anxiety
drug, antidepressant, an anti-psychotic drug, an insomnia
drug or an anti-inflammatory drug.

[0259] 24.1In a human patient, a method of reducing a risk
of the patient developing a sleep disorder, the method
comprising:

[0260] intravascularly positioning a catheter carrying a
neuromodulation assembly adjacent to a renal sympa-
thetic nerve of the patient;

[0261] delivering energy to the renal sympathetic nerve
via the neuromodulation assembly to attenuate neural
traffic along the renal sympathetic nerve; and

[0262] removing the catheter and neuromodulation
assembly from the patient after treatment,

[0263] wherein attenuating neural traffic along the renal
sympathetic nerve reduces a risk of the patient devel-
oping the sleep disorder.

[0264] 25. The method of example 24 wherein the risk of
developing the sleep disorder is calculated using a sleep
quality screening tool, and wherein a post-neuromodulation
sleep disorder risk score for the patient, as calculated by the
sleep quality screening tool, is lower than an initial sleep
disorder risk score.

[0265] 26. The method of example 24 or example 25
wherein attenuating neural traffic along the renal sympa-
thetic nerve further results in one or more of:

[0266] increasing heart rate variability in the patient;
[0267] increasing baroreceptor sensitivity in the patient;
[0268] reducing a level of glucocorticoid resistance in

the patient;
[0269] reducing a cortisol level in the patient;
[0270] reducing a systolic blood pressure of the patient;
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[0271] reducing a morning surge blood pressure in the
patient;
[0272] reducing a nocturnal blood pressure in the
patient;
[0273] reducing muscle sympathetic nerve activity
(MSNA) in the patient;
[0274] reducing a plasma or urine norepinephrine level
in the patient; and
[0275] reducing a level of an inflammatory biomarker in
the patient.
[0276] 27. The method of example 26 wherein the inflam-
matory biomarker is at least one of interleukin-6, interleu-
kin-8, tumor necrosis factor-alpha, and C-reactive protein.
[0277] 28. The method of any one of examples 24-27
wherein the patient has a personal or family history of sleep
disorders, anxiety disorders and/or depression, and wherein
attenuating neural traffic along the renal sympathetic nerve
reduces an incidence of a future sleep disorder in the patient.
[0278] 29. The method of any one of examples 24-28
wherein the patient is currently experiencing an adverse life
circumstance and is diagnosed with one or more of low heart
rate variability, elevated plasma or urine catecholamine
levels, elevated systolic blood pressure, elevated morning
surge in blood pressure, non-dipping nocturnal blood pres-
sure, low neuropeptide Y level, elevated plasma cortisol
level, glucocorticoid resistance, elevated cortisol awakening
rise (CAR), reduced baroreceptor sensitivity, and elevated
level of an inflammatory biomarker.
[0279] 30. The method of any one of examples 24-29
wherein the patient has a polymorphism in at least one of the
genes encoding for FK506-binding protein 5 (FKBP5 gene),
glucocorticoid receptor (NR3C1 gene), cortisol releasing
hormone receptor-1 (CRHR1 gene), and tumor necrosis
factor (TNF)-alpha, that provide an increased likelihood of
developing the sleep disorder.
[0280] 31. The method of any one of examples 24-30
wherein the patient is diagnosed with cardiovascular dis-
ease.
[0281] 32. The method of any one of examples 24-31
wherein the patient has a history of stroke.
[0282] 33. The method of any of examples 24-32 wherein
the patient has one or more sleep disorder risk factors
selected from the group consisting of increased substance
abuse, hypertension, elevated norepinephrine whole body
spillover, exposure to multiple traumatic events, prior trau-
matic brain injury, family history of mental disorder, and
adverse childhood experience.
[0283] 34. The method of any one of examples 24-33
wherein attenuating neural traffic along the renal sympa-
thetic nerve comprises at least partially ablating the renal
sympathetic nerve.
[0284] 35. The method of any one of examples 24-33
wherein attenuating neural traffic along the renal sympa-
thetic nerve comprises at least partially disrupting commu-
nication along the renal sympathetic nerve.
[0285] 36. The method of any one of examples 24-33
wherein attenuating neural traffic along the renal sympa-
thetic nerve comprises irreversibly disrupting communica-
tion along the renal sympathetic nerve.
[0286] 37. The method of any one of examples 24-33
wherein attenuating neural traffic along the renal sympa-
thetic nerve comprises delivering an energy field to the renal
sympathetic nerve via the neuromodulation assembly.
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[0287] 38. The method of example 37 wherein delivering
an energy field to the renal sympathetic nerve comprises
delivering at least one of radio frequency energy, ultrasound
energy, high intensity ultrasound energy, laser energy, and
microwave energy via the neuromodulation assembly.

[0288] 39. The method of any one of examples 24-38
wherein the patient is diagnosed with prehypertension or
hypertension, and wherein attenuating neural traffic along
the renal sympathetic nerve further reduces whole body
norepinephrine spillover in the patient in a manner that
reduces the risk of the patient developing the sleep disorder.

[0289] 40. A method for improving a patient’s risk score

corresponding to a sleep disorder status of the patient, the
method comprising:

[0290] intravascularly positioning a catheter carrying a

neuromodulation assembly within a renal blood vessel

and adjacent to a renal sympathetic nerve in the patient;

[0291] delivering energy to the renal sympathetic nerve
via the neuromodulation assembly to attenuate neural
traffic along the renal sympathetic nerve; and

[0292] removing the catheter and neuromodulation
assembly from the patient after treatment,

[0293] wherein attenuating neural traffic along the renal
sympathetic nerve results in improving the patient’s
risk score corresponding to the sleep disorder status of
the patient.

[0294] 41. The method of example 40 wherein improving
the patient’s risk score corresponding to the sleep disorder
status of the patient includes one or more of improving sleep
dysfunction-associated symptoms, improving the patient’s
sleep quality, reducing a level of systemic inflammation in
the patient, and improving a patient’s body mass index.

[0295] 42. The method of example 40 or example 41
wherein the patient is diagnosed with pre-hypertension or
hypertension, and wherein improving the patient’s risk score
corresponding to the sleep disorder status of the patient
includes reducing the patient’s blood pressure.

[0296] 43. The method of any one of examples 40-42
wherein a patient’s risk score corresponding to the sleep
disorder status of the patient is reduced by at least about
10%, at least about 15%, at least about 20%, at least about
30% or at least about 40%.

[0297] 44. The method of any one of examples 40-43
wherein the patient’s risk score is calculated using a sleep
quality screening tool, and wherein a post-neuromodulation
sleep disorder risk score, as calculated by the sleep quality
screening tool, is lower than an initial sleep disorder risk
score.

[0298] 45. The method of example 44, wherein the sleep
quality screening tool includes a polysomnography for
assessing a sleep disorder severity.

[0299] 46. A method for improving a sleep disorder risk
score for a human patient diagnosed with a sleep disorder,
the method comprising performing a renal neuromodulation
procedure in the patient diagnosed with the sleep disorder,
wherein a post-neuromodulation risk score is lower than an
initial risk score of the patient diagnosed with the sleep
disorder.

[0300] 47. The method of example 46 wherein the post-
neuromodulation risk score is lower than the initial risk
score by about 5%, about 10%, about 20% or about 30%.



US 2019/0008577 A1l

[0301] 48. The method of example 46 or example 47
wherein the initial risk score indicates the patient is at risk
of having the sleep disorder if the initial risk score is greater
than a threshold risk score.

[0302] 49. The method of any one of examples 46-48
wherein the initial risk score and the post-neuromodulation
risk score are determined using a sleep quality screening tool
for determining a severity of the sleep disorder of the
patient.

[0303] 50. The method of any one of examples 46-49
wherein the initial risk score and the post-neuromodulation
risk score are based upon one or more factors comprising a
psychological evaluation, type and/or severity of sleep dys-
function-associated symptoms, duration of sleep dysfunc-
tion-associated symptoms experienced by the patient, num-
ber of instances of trauma exposure, and symptoms
associated with a mood disorder.

[0304] 51. A method for managing a non-apnea sleep
disorder in a human patient, the method comprising:

[0305] transluminally positioning an energy delivery
element of a catheter within a renal blood vessel of the
patient and adjacent to renal sympathetic neural fibers
in the patient; and

[0306] at least partially ablating the renal sympathetic
neural fibers via the energy delivery element,

[0307] wherein at least partially ablating the renal sym-
pathetic neural fibers results in a therapeutically ben-
eficial improvement in a measurable parameter associ-
ated with the sleep disorder of the patient.

[0308] 52. The method of example 51 wherein at least
partially ablating the renal sympathetic neural fibers in the
patient in a manner that results in a therapeutically beneficial
improvement in a measurable parameter associated with the
sleep disorder comprises improving one or both of a sleep
pattern or a sleep quality.

[0309] 53. The method of example 51 or 52 wherein at
least partially ablating the renal sympathetic neural fibers in
the patient in a manner that results in a therapeutically
beneficial improvement in a measurable parameter associ-
ated with the sleep disorder comprises at least one of
reducing a nocturnal blood pressure and reducing a morning
surge in blood pressure in the patient.

[0310] 54. The method of any one of examples 51-53
wherein at least partially ablating the renal sympathetic
neural fibers in the patient in a manner that results in a
therapeutically beneficial improvement in a measurable
parameter associated with the sleep disorder comprises
improving one or more sleep dysfunction-associated symp-
toms in the patient.

[0311] 55. The method of any one of examples 51-54
wherein at least partially ablating the renal sympathetic
neural fibers further results in reducing an incidence of one
or more of hypertension, cardiovascular disease, obesity,
diabetes, insulin resistance, systemic inflammation, kidney
disease, stroke, dementia, osteoporosis and infertility in the
patient.

[0312] 56. The method of any one of examples 51-55
wherein at least partially ablating the renal sympathetic
neural fibers further results in a therapeutically beneficial
improvement in a measurable physiological parameter asso-
ciated with a comorbid condition in the patient.

[0313] 57. The method of example 56 wherein the comor-
bid condition is one or more of depression, anxiety disorder,
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cancer, cardiovascular disease, obesity, metabolic disorder,
systemic inflammation, dementia and infertility.

[0314] 58. The method of any one of examples 51-57,
further comprising administering one or more pharmaceu-
tical drugs to the patient, wherein the pharmaceutical drugs
are selected from the group consisting of anti-insomnia
drugs, anti-anxiety drugs, antidepressants, anti-hypertension
drugs and anti-inflammatory drugs.

[0315] 59. The method of any one of examples 51-58
wherein at least partially ablating the renal sympathetic
neural fibers of the patient via the energy delivery element
comprises delivering a thermal electric field to the sympa-
thetic neural fibers via at least one electrode.

[0316] 60. A method for treating a patient that can answer
affirmatively, if asked, to at least two of the following
statements:

[0317] in the past three months and at least most of the
time—

[0318] a) you cannot get to sleep within 30 minutes,

[0319] b) you wake up in the middle of the night or
early morning,

[0320] c) you cannot breathe comfortably while
sleeping,

[0321] d) you snore or cough loudly while sleeping,

[0322] e) you have bad dreams,

[0323] ) you experience restless legs before or dur-
ing sleep,

[0324] g) you have difficulty staying awake during
the day,

[0325] the method comprising:

[0326] intravascularly positioning a neuromodulation
assembly within a renal blood vessel of the patient and
adjacent to a renal nerve of the patient; and

[0327] at least partially inhibiting sympathetic neural
activity in the renal nerve of the patient via the neuro-
modulation assembly,

[0328] wherein at least partially inhibiting sympathetic
neural activity results in a therapeutically beneficial
improvement in the patient’s response to one or more
of statements a-g.

IX. CONCLUSION

[0329] The above detailed descriptions of embodiments of
the technology and methodology are not intended to be
exhaustive or to limit the technology to the precise forms
disclosed above. Although specific embodiments of, and
examples for, the technology are described above for illus-
trative purposes, various equivalent modifications are pos-
sible within the scope of the technology, as those skilled in
the relevant art will recognize. For example, while steps are
presented in a given order, alternative embodiments may
perform steps in a different order. The various embodiments
described herein may also be combined to provide further
embodiments. All references cited herein are incorporated
by reference as if fully set forth herein.

[0330] From the foregoing, it will be appreciated that
specific embodiments of the technology have been described
herein for purposes of illustration, but well-known structures
and functions have not been shown or described in detail to
avoid unnecessarily obscuring the description of the
embodiments of the technology. Where the context permits,
singular or plural terms may also include the plural or
singular term, respectively.
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[0331] Moreover, unless the word “or” is expressly limited
to mean only a single item exclusive from the other items in
reference to a list of two or more items, then the use of “or”
in such a list is to be interpreted as including (a) any single
item in the list, (b) all of the items in the list, or (c) any
combination of the items in the list. Additionally, the term
“comprising” is used throughout to mean including at least
the recited feature(s) such that any greater number of the
same feature and/or additional types of other features are not
precluded. It will also be appreciated that specific embodi-
ments have been described herein for purposes of illustra-
tion, but that various modifications may be made without
deviating from the technology. Further, while advantages
associated with certain embodiments of the technology have
been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all
embodiments need necessarily exhibit such advantages to
fall within the scope of the technology. Accordingly, the
disclosure and associated technology can encompass other
embodiments not expressly shown or described herein.

I/we claim:

1. In a human patient, a method of reducing a risk of the
patient developing a sleep disorder, the method comprising:

intravascularly positioning a catheter carrying a neuro-

modulation assembly adjacent to a renal sympathetic
nerve of the patient;

delivering energy to the renal sympathetic nerve via the

neuromodulation assembly to attenuate neural traffic
along the renal sympathetic nerve; and

removing the catheter and neuromodulation assembly

from the patient after treatment,

wherein attenuating neural traffic along the renal sympa-

thetic nerve reduces a risk of the patient developing the
sleep disorder.

2. The method of example 1 wherein the risk of devel-
oping the sleep disorder is calculated using a sleep quality
screening tool, and wherein a post-neuromodulation sleep
disorder risk score for the patient, as calculated by the sleep
quality screening tool, is lower than an initial sleep disorder
risk score.

3. The method of claim 1 wherein the patient has one or
more sleep disorder risk factors selected from the group
consisting of hypertension, elevated norepinephrine whole
body spillover, cardiovascular disease, prior incidence of
stroke, and prior traumatic brain injury.

4. The method of claim 1 wherein the patient has a
personal or family history of sleep disorders, anxiety disor-
ders and/or depression, and wherein attenuating neural traf-
fic along the renal sympathetic nerve reduces an incidence of
a future sleep disorder in the patient.

5. The method of claim 1 wherein the patient is currently
experiencing an adverse life circumstance and is diagnosed
with one or more of low heart rate variability, elevated
plasma or urine catecholamine levels, elevated systolic
blood pressure, elevated morning surge in blood pressure,
non-dipping nocturnal blood pressure, low neuropeptide Y
level, elevated plasma cortisol level, glucocorticoid resis-
tance, elevated cortisol awakening rise (CAR), reduced
baroreceptor sensitivity, and an elevated level of an inflam-
matory biomarker.

6. The method of claim 1 wherein the patient has a
polymorphism in at least one of the genes encoding for
FK506-binding protein 5 (FKBP5 gene), glucocorticoid
receptor (NR3C1 gene), cortisol releasing hormone recep-
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tor-1 (CRHR1 gene), and tumor necrosis factor (TNF)-
alpha, that provide an increased likelihood of developing the
sleep disorder.
7. A method for improving a patient’s risk score corre-
sponding to a sleep disorder status of the patient, the method
comprising:
intravascularly positioning a catheter carrying a neuro-
modulation assembly within a renal blood vessel and
adjacent to a renal sympathetic nerve in the patient;

delivering energy to the renal sympathetic nerve via the
neuromodulation assembly to attenuate neural traffic
along the renal sympathetic nerve; and

removing the catheter and neuromodulation assembly

from the patient after treatment,

wherein attenuating neural traffic along the renal sympa-

thetic nerve results in improving the patient’s risk score
corresponding to the sleep disorder status of the patient.

8. The method of claim 7 wherein the patient’s risk score
is calculated using a sleep quality screening tool, and
wherein a post-neuromodulation sleep disorder risk score, as
calculated by the sleep quality screening tool, is lower than
a baseline sleep disorder risk score.

9. The method of claim 8 wherein the baseline sleep
disorder risk score and the post-neuromodulation sleep
disorder risk score are based upon one or more factors
comprising a psychological evaluation, type and/or severity
of sleep dysfunction-associated symptoms, duration of sleep
dysfunction-associated symptoms experienced by the
patient, number of instances of trauma exposure, and symp-
toms associated with a mood disorder.

10. The method of claim 7 wherein improving the
patient’s risk score corresponding to the sleep disorder status
of the patient includes one or more of improving sleep
dysfunction-associated symptoms, improving the patient’s
sleep quality, reducing a level of systemic inflammation in
the patient, and improving a patient’s body mass index.

11. In a normotensive patient diagnosed with a sleep
disorder, a method comprising:

intravascularly positioning a neuromodulation assembly

within a renal blood vessel of the patient and adjacent
to a renal nerve of the patient; and

at least partially inhibiting sympathetic neural activity in

the renal nerve of the patient via the neuromodulation
assembly,

wherein at least partially inhibiting sympathetic neural

activity results in a therapeutically beneficial improve-
ment in a measurable parameter associated with the
sleep disorder of the patient.

12. The method of claim 11 wherein reducing sympathetic
neural activity in the patient in a manner that results in a
therapeutically beneficial improvement in a measurable
parameter associated with the sleep disorder comprises
improving one or more of a difficulty in getting to sleep, the
number of times the patient wakes up during the night or
early morning, the amount of snoring, the number of bad
dreams or night terrors, the number of times a patient takes
medication to fall asleep, or the level of fatigue during
waking hours as measured on a sleep quality screening tool.

13. The method of claim 11 wherein reducing sympathetic
neural activity in the patient in a manner that results in a
therapeutically beneficial improvement in a measurable
parameter associated with the sleep disorder comprises
reducing a level of sleep-related symptoms and/or a number
of sleep-related symptoms.
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14. The method of claim 11 wherein the patient is
diagnosed with one or more of insomnia, hypersomnia,
circadian rhythm disorder, movement disorder, and para-
somnia.

15. The method of claim 11 wherein the patient is between
the ages of 18 and 45, between the ages of 18 and 30,
between the ages of 20 and 40, between the ages of 20 and
35, between the ages of 35 and 65, between the ages of 45
and 65, between the ages of 50 and 70, or the patient is at
least 35 years old.

16. The method of claim 11 wherein at least partially
inhibiting sympathetic neural activity in the patient further
comprises reducing an incidence of stroke, cardiovascular
disease, hypertension, a metabolic disorder, obesity, demen-
tia, chronic kidney disease, osteoporosis or infertility in the
patient.

17. The method of claim 11 wherein the patient has a
history of cardiovascular disease or stroke, and wherein at
least partially inhibiting sympathetic neural activity in the
patient further comprises reducing an incidence of a future
cardiovascular event or stroke.

18. The method of claim 11 wherein a post-neuromodu-
lation condition of the parameter associated with the sleep
disorder is improved compared to a baseline condition of the
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parameter, and wherein the baseline condition and the
post-neuromodulation condition are determined using a
sleep quality screening tool for determining a severity of the
sleep disorder of the patient.

19. The method of claim 11 wherein the patient is
diagnosed with a non-apnea sleep disorder.

20. The method of claim 11 wherein at least partially
inhibiting sympathetic neural activity in the patient in a
manner that results in a therapeutically beneficial improve-
ment in a measurable parameter associated with the sleep
disorder includes one or more of—

improving a sleep pattern of the patient;

improving a sleep quality of the patient;

reducing a level of insomnia in the patient;

reducing a morning surge blood pressure in the patient;

reducing a nocturnal blood pressure in the patient;

increasing a heart rate variability of the patient;
increasing baroreceptor sensitivity in the patient;
reducing a plasma cortisol level in the patient;

reducing a level of glucocorticoid resistance in the

patient; and

reducing a level of an inflammatory biomarker in the

patient.
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