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1.1 Introduction

Disorders of the autonomic nervous system (ANS) are often a severe burden to the
quality of life of our patients (e.g., orthostatic intolerance, sweating disorders, sex-
ual dysfunction). In some cases, they may be harmful (syncope with falls, heat
intolerance, urinary retention) or even life threatening (sudden cardiac death, sym-
pathetic storm, heat shock). Diagnosis of ANS disorders is still underrepresented,
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despite their common occurrence in clinical practice. This may be attributed at least
in part to a lack of awareness and attention to symptoms of ANS dysfunction.
Information on the ANS is rare in many neurological textbooks and often missing
during education. This booklet shall help to recognize the presence and distribution
of autonomic dysfunctions and provide tips for further management. The clinical
investigations of autonomic functions presented here refer to the office, bedside, or
prelaboratory evaluation. It cannot and shall not replace any textbook in this grow-
ing, neurological field.

ANS disorders may occur primarily (primary autonomic failure, multiple
system atrophy (MSA)) or in the course of other diseases (Parkinson disease
(PD), diabetes mellitus, stroke, Guillain-Barré syndrome (GBS)). They can be
of central (preganglionic lesion in PD and MSA) or peripheral (postganglionic
lesions in diabetes or GBS) origin. The anatomical and functional organization
of the ANS is quite complex including structures within the brain, spinal cord,
and peripheral nervous system with pathways permeating all organ systems
(Fig. 1.1). Many feedback and feedforward loops are involved to control hemo-
dynamics and vital functions (blood pressure (BP), heart rate (HR), ventilation,
body temperature, blood gas allostasis, urogenital function) (e.g., see Fig. 1.2).
To diagnose ANS disorders to the best starting point is to detect and test the
most compromised functions. Thus, in many diseases involving the ANS, more
than one diagnostic test will be needed. Diligent, symptom-guided history tak-
ing is the cornerstone in the autonomic evaluation and may spare the use of
extensive testing in many patients (Chap. 2). The following aims of clinical
ANS evaluation may be defined [4]: to recognize (1) the presence and distribu-
tion of autonomic dysfunction, (2) patterns of autonomic failure and its relation
to specific syndromes, (3) treatable disorders, (4) further evaluation needed
(e.g., autonomic laboratory), (5) time course, and (6) effect on patient. Following
the results of this clinical examination of the patient with suspected autonomic
disorder, further investigations may be planned, if necessary. A questionnaire-
based survey revealed that cardiovascular and sudomotor tests are the most fre-
quently used in European autonomic laboratories [1]. Some of these are
integrated in modern commercially available EMG devices. However, results
have to be interpreted with great care, particularly when comparing them to
published normative values.

Many questions regarding cardiovascular regulation may be addressed using
simple bedside tests, such as Schellong’s orthostatic stress test [2]. If the results
are not conclusive or more detailed information is needed, a set of standardized
tests, the so-called Ewing battery [3], is available. The complexity of cardio-
vascular dynamics may be analyzed using simple or more sophisticated
methods.
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Fig. 1.1 Neuroanatomical organization of the ANS. Sympathetic preganglionic fibers (red).
Sympathetic postganglionic fibers (green). Parasympathetic preganglionic fibers (blue). Para-
sympathetic postganglionic fibers (yellow)

1.2 Neuroanatomy

The ANS may be separated into a central and a peripheral part. The central auto-
nomic network (CAN) is located mainly in the forebrain and brain stem (Table 1.1).
These areas form a complex reciprocally interconnected network. Converging
information is received from somatosensory and visceral input. This input is pro-
cessed under the influence of behavioral state, sleep-wake cycle, mood, etc. Based
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Fig. 1.2 Baroreflex. A negative feedback loop with two effectors, the baroreceptor reflex, control-
ling blood pressure by regulation of heart rate and blood vessel constriction. Baroreceptors detect
BP increase and transmit afferent signals to the barostat in the brain stem, downregulating sympa-
thetic innervation (SNS) (causing arterial vessel dilatation) and increasing parasympathethic
(vagus) innervation (causing heart rate decrease). As a typical negative feedback loop, both the
heart rate and the blood pressure in any normal subject show some degree of oscillation

on this processing, autonomic (sympathetic and parasympathetic neurons), motor
(e.g., respiratory function via phrenic neurons), and endocrine (e.g., pituitary
gland) outflow is generated. The hypothalamus is the highest level of autonomic
integration, under the influence of cortical and limbic structures (Fig. 1.3). It
maintains homeostasis and adapts and integrates individual needs such as hunger,
thirst, sexual function, and sleep. The peripheral autonomic nervous system
(pANS) is composed of the sympathetic and parasympathetic branch (Fig. 1.1).
The enteric nervous system (ENS) is the most independent part of the ANS. It is
located in the submucosal plexus of Meissner and the myenteric plexus of
Auerbach. It controls gastrointestinal function (peristalsis and secretion) from the
pharyngoesophageal junction to the anal sphincter. Input comes from the brain
stem via sympathetic and parasympathetic neurons and from approximately 30%
sensory neurons within the gut.
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Table 1.1 CAN

Insular cortex

Primary viscerosensory (interoceptive) cortex receiving pain and
temperature information

Anterior cingulate cortex

Regulation of affective behavior, modulates bodily arousal

Amygdala

Emotional significance of sensory input, conditioned fear response

Hypothalamus

Homeostasis and adaptation: thermoregulation, osmoregulation,
food intake, stress response, reproduction, sleep-wake cycle,
feeding, reward response

Periaqueductal gray

Integration of autonomic, somatic and antinociceptive responses to
stressors (e.g., pain)

Parabrachial nucleus

Relay center for converging visceral, nociceptive and
thermoregulatory stimuli to the hypothalamus

Nucleus of the solitary
tract

First relay station of taste and visceral afferents, central relay
station for all medullary reflexes (cardiovascular, respiratory, and
gastrointestinal)

Ventrolateral medulla

Vasomotor tone, cardiac function, respiration

Medullary raphe

Thermoregulation and respiratory chemosensitivity

Fig. 1.3 The
hypothalamus is the
highest level of autonomic
integration, under the
influence of cortical and
limbic structures

o BN A
“— Limbic circuit Cerebral cortex
(emotional input! (volontary input)

X
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respiration;

heart, blood
pressure,
swallowing,...

Hypothalamus
overal autonomic
integration
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As CAN is described in detail in many exquisite textbooks on the ANS (e.g., Low
et al.), we will only present a very short overview following E.E. Benarroch’s descrip-
tion [5] to allow a basic understanding of the ANS necessary for clinical reasoning.
Subsequently a special introduction to the gastrointestinal nervous system, to cardio-
circulatory regulation, to control of sweating, and to sleep physiology will be given.

CAN includes the insular cortex, anterior cingulate cortex, amygdala, several
nuclei of the hypothalamus, periaqueductal gray of the midbrain, parabrachial
nucleus in the dorsolateral pons, and several medullary regions (nucleus of the soli-
tary tract, ventrolateral reticular formation, raphe nuclei, dorsal vagal nucleus,
nucleus ambiguus). CAN is hierarchically organized at all levels. The spinal level is
the most caudal and constitutes the sympathetic segmental reflexes which are stimu-
lus and target specific and the preganglionic parasympathetic neurons in the sacral
spinal cord. More rostrally at the lower brain stem level, circulation, respiration, and
micturition are controlled. At the upper brain stem level, autonomic control is inte-
grated with pain and behavioral state. At the hypothalamic level, homeostasis is regu-
lated. Forebrain structures control stress response and affective behavior, and the
anterior limbic circuit integrates responses to emotions and behavior. In Table 1.1,
the different structures of CAN and their functions are listed, as far as they are known.
However, despite the hierarchical structure of CAN, its network architecture always
has to be considered, particularly when interpreting cerebral images and lesions.

Transmission of excitatory signals within CAN is mediated by L-glutamate acting
via AMPA, NMDA, and kainate receptors. Gamma-aminobutyric acid (GABA) is the
main inhibitory transmitter acting via GABA-A and GABA-B receptors. The action
of these fast-acting neurotransmitters is modulated by a variety of slower signals
mediated by acetylcholine (ACh), monoamines, neuropeptides and neurosteroids,
adenosine, and nitric oxide (NO), just to mention some of the most important ones.

Inputs to CAN comprise visceral afferent inputs (visceroceptive information) and
inputs from nociceptors, thermoreceptors, and muscle receptors. These signals are
integrated at the different hierarchical levels of CAN. Dorsal horn neurons in lamina I
represent the first line of integration and convey the information to higher regulatory
centers (nucleus of the solitary tract, medullary network, thalamus, and insular cortex)
(Fig. 1.5). There exists a viscerotopic representation in the insular cortex (viscerotopic
homunculus). Other inputs to CAN originate from limbic and paralimbic areas and
convey emotional information. Important humoral inputs are blood temperature, glu-
cose level, osmolarity, and steroid hormones. Chemoreceptors in the ventral medulla
react on changes in pCO, and pH and are involved in the control of respiratory and
cardiovascular activity. O, level is controlled via receptors in carotid and aortic bodies.

Output is mediated by autonomic neurons, endocrine cells, and motor neurons
(respiration, shivering, adaptive behavior). Autonomic outflow is mediated by pre-
ganglionic sympathetic and parasympathetic neurons. The sympathetic pregangli-
onic neurons are located in the intermediolateral nucleus of T1-L3 levels of the
spinal cord and are organized in functional units, each responsible for specific organ
tasks. Preganglionic cholinergic neurons project via thin myelinated fibers to prever-
tebral and paravertebral ganglia. Postganglionic neurons use norepinephrine as trans-
mitter except for cholinergic neurons innervating sweat glands. The parasympathetic
output arises from preganglionic neurons within the brain stem and the sacral spinal
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Fig. 1.4 A sympathetic sudomotor nerve and an eccrine sweat gland in glabrous skin. Included
are the mechanisms of action of the therapeutic modalities for hyperhidrosis (see text). Surgical
sympathetic denervation actually is performed more proximally, under video-assisted thoracos-
copy, interrupting the corresponding extremity innervation along the thoracic sympathetic chain.
The mechanism of action for iontophoresis is unknown. ACh acetylcholine; M muscarinic
cholinergic receptor

cord. Most of the parasympathetic outflow is provided by the vagus nerve (dorsal
nucleus and the ventrolateral portions of nucleus ambiguus) controlling the heart and
respiratory and gastrointestinal function, the latter via the enteric nervous system
except for the descending colon and rectum. The sacral preganglionic neurons are
located in segments S2—S4 and are involved in the regulation of micturition, defeca-
tion, and sexual function. The so-called nucleus of Onuf at sacral levels S2-S3 inner-
vates the external sphincters. All parasympathetic transmission is cholinergic and the
preganglionic neurons synapse close to their target tissue.

The sympathetic neurotransmitter to the effector structures is norepinephrine,
which acts via several subtypes of adrenergic receptors. Only sweat glands are
innervated by acetylcholine (ACh). The primary neurotransmitter of the parasympa-
thetic system is ACh. However, other mediators such as neuropeptides, NO, and
ATP play an important role in the complex autonomic regulation.

1.2.1 Autonomic Cardiovascular Regulation

The cardiovascular system maintains appropriate supply of oxygen and nutrients to
all organs and cells under continuously changing endogenous and exogenous
demands. This is achieved globally by regulation of heart rate, blood pressure and
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respiration during exercise, hypoxia, sleep, heat, and fever. At the local level, vaso-
dilatation and contraction and endothelial permeability allow an adaptation to the
demands of cells with increased metabolic activity (e.g., local infection, regenera-
tion after injury). The global regulation is carried out by neural (brain stem, sympa-
thetic and parasympathetic outflow) and humoral pathways. At organ and tissue
level, regulation is achieved by local endothelial factors and autonomic reflexes
(e.g., stretch reflex). Particularly blood pressure is regulated at a beat-per-beat basis
to ensure an adequate perfusion of life-supporting organs. The most important and
quite well-understood mechanism, the so-called arterial baroreceptor reflex, will be
described in the following.

1.2.1.1 Arterial Baroreceptor Reflex, Fig. 1.2
The neuroanatomic components are the arterial baroreceptors (stretch-sensitive
mechanoreceptors) in the adventitia of the carotid sinuses and aortic arch. They
relay via myelinated (type A) and unmyelinated (type C) afferent fibers to the brain
stem (nucleus tractus solitarius) and inhibit the vasomotor center. Finally, sympa-
thetic outflow to the heart and blood vessels is decreased and parasympathetic out-
flow to the heart is increased. Thus, an increase in arterial blood pressure (ABP)
with increased baroreceptor activity results in a reflectory decrease of blood pres-
sure within the duration of one cardiac cycle. The baroreflex (BR) is continuously
modulated, depending on the behavioral and physiologic conditions (exercise, sleep,
emotions). This setting of the BR set point is achieved mainly by central activity.
The so-called baroreflex sensitivity (BRS) is commonly used to measure BR
function. Techniques to quantify BRS include pharmacological methods using
vasoactive drugs (Oxford method), the Valsalva maneuver, the neck chamber tech-
nique, and the analysis of spontaneous fluctuations of blood pressure and heart rate
(sequence techniques) [6]. Any description of these tests would reach far beyond
the scope of this booklet, and they cannot be used as “bedside tests” anyway.

1.2.1.2 Orthostasis and Active Standing

Standing up is a major challenge for the autonomic nervous system. Gravity acts on
venous return and therefore reduces the blood flow reaching the central vains caus-
ing reduced central pressure. The reduced return of blood to the heart reduces the
stroke volume (via Frank-Starling mechanism) and peripheral blood pressure. The
baroreceptor corrects the reduction in blood pressure by increasing sympathetic and
decreasing parasympathetic drive. Normal values for both methods are age depen-
dent. According to EFNS guidelines, a fall in systolic pressure of at least 20 mmHg
or in diastolic pressure of at least 10 mmHg within 3 min of standing or head-up tilt
is considered to define orthostatic hypotension [7]. In MSA adapted criteria are
applied (see Chap. 2). The head-up tilt test complements the autonomic evaluation
of active standing up as it, conceptually, allows analyzing the hemodynamic modi-
fications elicited by baroreceptor reflex activation without the interference of the
muscular pump of the legs. Further, it should be performed in patients who cannot
stand up actively and orthostatic dysregulation is highly suspected.


http://dx.doi.org/10.1007/978-3-319-05143-7_2
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For history taking see Sect. 2.1.1, for clinical testing and management see
Sect. 3.2.11

1.2.2 Autonomic Regulation of Sweating

Core body temperature is strictly maintained around 37 °C by the ANS, called the
thermoneutral zone (TNZ). Heat production must exactly balance heat loss. Certain
areas within the hypothalamus, periaqueductal gray, and medullary nucleus raphe
pallidus form the autonomic network to control temperature. Input is derived from
peripheral (skin cold and warm sensors) and central receptors (warm-sensitive (WS)
neurons within the preoptic-anterior hypothalamus). Activity of WS neurons is
affected by circadian rhythm, hormones (e.g., progesterone, prostaglandin E2),
plasma cytokines, glucose levels, and osmolarity. Blood volume depletion (dehy-
dration, blood loss) resulting in hypotension increases the activity of WS neurons.
This leads to a fall in body temperature. Effector systems may be divided into auto-
nomic thermoregulation (heat production by shivering and non-shivering, mainly
metabolic thermogenesis and heat dissipation by sympathetic-mediated sweating
and vasomotor control) and behavioral thermoregulation (environmental control,
physical activity). Sympathetic skin innervation provides cholinergic sudomotor
control (heat dissipation) and noradrenergic vasoconstriction (heat conservation).
Active vasodilation is in part mediated by nitric oxide.

Sweating is the most effective method of heat dissipation in humans.
Postganglionic sympathetic fibers are distributed segmentally (Fig. 1.1) and inner-
vate two to four million sweat glands. These can be divided into apocrine and
eccrine glands, whereas the latter are responsible for thermoregulation. Sweat
glands of palms and soles do not participate in heat dissipation. Sweat glands con-
sist of a secretory coil located in the lower dermis and the duct to the skin surface.
Sweat is hypotonic in relation to plasma due to reabsorption of sodium and chloride
in the duct. Only during increased sweating (exercise, fever, heat stress) a signifi-
cant ion loss may occur (Fig. 1.5).

Generalized hyperhidrosis is usually part of some other underlying condition,
and focal primary hyperhidrosis is idiopathic with a peak in the second and third
decade of life. Hypohidrosis is most often part of other autonomic disorders (central
lesions, alpha-synucleinopathies, ANP in diabetes, GBS, etc.).

Sweating helps to reduce core body temperature when it rises above TNZ. This
can happen because of environmental heat exposure or decreased heat dissipation
(e.g., excessive clothing or bed coverings) or as a result of increased heat production
(e.g., excessive muscular activity).

Sweating increases with increasing depths of nonrapid eye movement (NREM)
sleep. It is reduced during rapid eye movement (REM) sleep in the absence of emo-
tionally charged dreams despite increases in brain glucose metabolism, increased
temperature in many parts of the brain, increased skin sympathetic activity, and
increased heart rate.


http://dx.doi.org/10.1007/978-3-319-05143-7_2
http://dx.doi.org/10.1007/978-3-319-05143-7_3
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Fig. 1.5 Dorsal horn neurons in lamina I represent the first line of integration and convey the
information to higher regulatory centers (nucleus of the solitary tract, medullary network, thala-
mus, and insular cortex). NTS: nucleus tractus solitarii; PBN: parabrachial nucleus

1.2.3 Autonomic Regulation of the Gastrointestinal Tract

Gastrointestinal functions are of immense importance for well-feeling and well-
being. The gastrointestinal system therefore needs special attention when managing
an autonomic patient. The gastrointestinal tract is innervated by an intrinsic and an
extrinsic nervous system. The intrinsic or enteric nervous system (ENS) is located
directly in the gut wall. It independently regulates the gastrointestinal function and
is modulated by the extrinsic system constituted by the sympathetic and parasympa-
thetic autonomic nerves (ANS) (Fig. 1.1).

The myenteric plexus (Auerbach’s plexus) is situated between the circular and
longitudinal muscle layers of the muscularis externa, and the submucosal plexus
(Schabadasch and Meissner’s plexus) is located under the mucosal layer (Fig. 6.1).
The two plexuses modulate gastrointestinal motility through the interstitial cells of
Cajal (ICCs), mesenchymal cells located between the plexus, which have contact
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with each other or with smooth muscle cells. ICCs are thought to function as
“pacemakers” generating slow waves in the smooth muscle layers of the gut and so
accounting for spontaneous basic peristaltic movements [8]. ICCs are the target of
excitatory impulses mediated by acetylcholine and substance P (SP) and inhibitory
impulses mediated by vasoactive intestinal polypeptide (VIP) and nitric oxide
(NO) [9].

The ENS controls the gastrointestinal motility, predominantly in the small
intestine, during the fasting state consisting of propulsive peristaltic anterograde
movements, the so-called migrating motor complex (MMC). The MMC is
important to keep the upper gastrointestinal tract free from food waste and to
regulate the intestinal flora. The ENS also partially regulates the basic tonic
contraction of the upper and lower esophageal sphincter, pylorus, and internal
anal sphincter and the transient relaxation of the lower esophageal sphincter
between meals.

With food intake, mechanical signals due to distension, as well as chemical sig-
nals, stimulate the ENS to generate reflexively inhibitory or excitatory modulation
of the basic gastrointestinal activity independent from central and peripheral auto-
nomic innervation [10].

The ENS controls the gastrointestinal motor activity and also modulates mucosal
circulation and targets the neuroendocrine and immunological gastrointestinal cells.
Mucosal blood microcirculation vessels play a crucial role in the absorption of
nutrients and, together with neuroendocrine and immunological gastrointestinal
cells, in the modulation of endocrine, immunological, and inflammatory activity of
the gastrointestinal tract.

The extrinsic nervous system modulates the enteric functions and connects the
ENS with the central nervous system (CNS). The CNS receives viscerosensory
afferences from chemoreceptors and mechanoreceptors through sensory nerves and
initiates regulatory reflexes (cranial and spinal) through autonomic sympathetic and
parasympathetic pathways (Fig. 1.5).

The cranial parasympathetic autonomic innervation of the stomach and upper
intestine is constituted by the vagus nerve (X cranial nerve), which comprises about
80-90% of sensory fibers whose cell bodies are located in the nodose ganglion
(inferior ganglion of the vagus nerve). The afferent fibers terminate in the nucleus
of the solitary tract in the medulla, which projects to higher brain regions, such as
the hypothalamus and amygdala. The dorsal nucleus of the vagus nerve in the
medulla sends efferent projections to the local ganglia of gastrointestinal tract. The
right vagus nerve descends to the esophagus, contributes to the esophageal plexus,
and enters the abdomen through the diaphragm as the posterior vagal trunk. The left
vagus nerve after contributing to the esophageal plexus descends to the abdomen as
the anterior vagal trunk. The vagus nerve is connected directly with the myenteric
plexus of the stomach and controls gastric motility and emptying.

The spinal autonomic system is constituted by the splanchnic (sympathetic) and
pelvic (parasympathetic) nerves (Fig. 1.1). Afferent fibers of those nerves have their
cell bodies in the dorsal root ganglia. Efferent fibers to the splanchnic nerve (thoracic,
lumbal, sacral) arise from the sympathetic trunk (T1-L2) in the intermediolateral cell
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column and, after synapsing at the celiac, superior mesenteric, and inferior mes-
enteric ganglia, enter the celiac, intermesenteric, and hypogastric plexus. The pel-
vic nerve originates from the lateral gray matter of the sacral spinal cord (S2-S4)
and enters the sacral plexus (inferior hypogastric plexus). The sympathetic gastro-
intestinal innervation is responsible for the vasomotor tone and the redistribution
of regional blood flow during stress, exercise, temperature, and postural change.
The parasympathetic gastrointestinal autonomic system modulates several reflexes
important for gastrointestinal motility, sphincter control, and secretion.

Several CAN structures are involved in gastrointestinal autonomic innervation
(Table 1.1). Forebrain regions including amygdala, hypothalamus, and insular and
anterior cingulate cortex modulate autonomic function being in charge for emo-
tions, stress, arousal, and endocrine responses as well as for visceral sensations.
Some pontomesencephalic brain stem regions, such as periaqueductal gray and
parabrachial area, are also important for integration of autonomic function with pain
and stress connecting lower brain stem and spinal autonomic centers with the fore-
brain regions [11] (Fig. 1.5).

1.2.4 Modulation of Autonomic Control During Sleep

The sleep-wake cycle results from a rhythmic alternation and the inhibitory interac-
tions of two contrasting systems: the arousal or activating system (cholinergic, sero-
tonergic, and histaminergic nuclear groups of the rostral pons, midbrain, and
posterior hypothalamus plus cholinergic neurons in the basal forebrain) and the
anti-arousal or deactivating systems (medial preoptic-anterior hypothalamic region
and adjacent basal forebrain and medial thalamus and medulla). These two systems
act as a kind of flip-flop switch allowing the transition from wake to sleep states and
vice versa. Orexin (hypocretin) stabilizes the system in one of the two states of vigi-
lance [12]. This neuropeptide is synthesized in the perifornical and lateral regions
of the hypothalamus and plays a key role in arousal, energy homeostasis, feeding,
thermoregulation, and neuroendocrine and cardiovascular control.

A normal sleep period in an adult human is characterized by a cyclic alternation
of two entirely different behavioral states: REM (rapid eye movement) sleep and
non-REM (NREM) sleep. Additionally, NREM sleep is further divided into pro-
gressively deeper stages of sleep: stage 1 NREM, stage 2 NREM, and stage 3
NREM (deep or delta-wave sleep) [13].

REM sleep has tonic component characterized by electrocortical desynchroniza-
tion and muscle atonia and phasic component characterized by the appearance of
rapid eye movements and muscle twitches. The transitions between the different
sleep stages are accompanied by changes in the control of the cardiovascular and
respiratory system [14].

During nonrapid eye movement (NREM) sleep, the sympathetic control of the
cardiovascular system decreases progressively and the parasympathetic tone
becomes predominant. A marked reduction in blood pressure (BP) and heart rate
(HR) occurs, becoming more pronounced as sleep progresses from stage 1 NREM
to stage 3 NREM.
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During REM sleep, the cardiovascular regulation becomes unstable. Surges of
sympathetic activity, HR, and BP occur during phasic REM sleep.

During tonic REM sleep, a marked bradycardia and decreased peripheral resis-
tance are observed and result in BP decrease below the levels reached in NREM sleep.
This BP decrease is interrupted during bursts of rapid eye movements and muscle
twitches by large transient increases in BP and HR which are the consequence of
phasic inhibition of parasympathetic and phasic increase of sympathetic activity.

In the same way, the baroreceptor reflex, the most important mechanism for beat-
to-beat control of arterial blood pressure (ABP), is variably modulated by central
influences during the different sleep phases.

During NREM sleep, the baroreflex holds HR low despite decreasing BP, sug-
gesting an increased baroreflex sensitivity. During REM sleep, the baroreflex
responds differently to hypertensive or hypotensive stimuli.

Cardiovascular activity is further regulated by the arterial chemoreceptors in the
carotid bodies. Hypoxia-induced stimulation of these chemoreceptors may lead to
sympathetically mediated vasoconstriction resulting in a BP increase and vagally
mediated HR decrease. This respiratory-cardiovascular interaction may be involved
in the pathophysiology of harmful cardiovascular consequences like hypertension
in OSAS [15].

In physiological conditions, healthy adults show a BP decline during sleep of
10-20% compared to mean daytime values. The fall in BP during the sleep period
is referred to as a “dipping BP profile,” its occurrence being considered impor-
tant for cardiovascular health, as it is thought to provide what has been referred
to as a “cardiovascular holiday”. Important additional influences of sleep on car-
diovascular functions may be exerted through variation in respiration [16].

Changes in ventilation also occur during sleep as breathing control is different
during wake and NREM and REM sleep. In the transition from wakefulness to sleep,
a progressive inactivation of voluntary control of ventilation is observed. NREM
sleep ventilation is automatically controlled by chemical feedback related to CO, and
O, levels. During sleep onset and light NREM sleep, breathing is characterized by
oscillations in amplitude with only sporadic central apneas, while during deeper
stages of NREM sleep, breathing becomes progressively regular. In this stage, a
reduction in minute ventilation is observed due to a decrease in tidal volume and
respiratory frequency. In REM sleep, breathing becomes irregular and central apneas
or hypopneas of a few seconds occur sporadically, often in association with bursts of
REMs. Alveolar ventilation decreases by 0.4—1.5 1/min, and pulmonary arterial pres-
sure rises by 4-5 mmHg; nonetheless, these variables remain within the normal
range.

Take Home Messages

* The autonomic nervous system is hierachically organized at all levels.

* The autonomic nervous system consists of the central autonomic network and
the peripheral branches, sympathetic and parasympathetic

e The autonomic nervous system controls homeostasis of the whole body
including cardiovascular activity, digestions, sexual function, sweating, and
sleep.
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2.1 History Taking: You Need to Know What You're
Looking for

The autonomic nervous system controls the cardiovascular, gastrointestinal, uro-
genital, respiratory, thermoregulatory, and pupillary function and regulates sleep.
Such a wide distribution is reflected by the protean manifestations of autonomic
disorders, which range from generalized failure to isolated organ dysfunction, thus
mimicking, among others, primary disorders of the innervated organs.

Loss of function as well as hypo-, hyper-, or deregulated activation may turn into
autonomic symptoms. The clinical course may be likewise variable, from a parox-
ysmal or acute onset to subacute or chronic evolution. Comorbidities and other non-
autonomic etiologies need to be taken into account as well. Clinical assessment of
patients with suspected autonomic disorders therefore relies on a holistic approach
to the patient, combined with a targeted autonomic history taking.

The present chapter is divided into three sections:

1. Typical symptoms of each autonomic domain will be discussed together with
possible causes and alternative, non-autonomic etiologies.

2. Other important aspects to be considered: age, gender, time course, family his-
tory, and comorbidities.

3. How to transfer symptoms into a feasible diagnostic hypothesis.

2.2 KeyAutonomic Symptoms (Per Domain)
2.2.1 Cardiovascular Autonomic Dysfunction

2.2.1.1 How Does the Patient Complain About It

The key feature of cardiovascular autonomic impairment is “orthostatic intoler-
ance,” eventually resulting in syncope. Syncope is defined as a transient, self-
limited, loss of consciousness, which occurs when global cerebral perfusion is
impaired [54].

The most frequent cause of syncope is vasovagal (reflex) syncope that is induced
by a paroxysmal, abnormal cardiovagal outflow, coupled with sympathetic inhibi-
tion in otherwise healthy subjects, which results in cardioinhibition, vasodepres-
sion, or, more frequently, a combination of both. In vasovagal syncope, loss of
consciousness is heralded by a 30—60s-lasting presyncopal phase in which signs of
autonomic arousal and of cerebral and retinal hypoperfusion occur. In this premoni-
tory phase, autonomic activation may cause warm feeling, cold sweat, yawning,
drooling, abdominal discomfort, nausea, cramps, or the desire to sit down or leave
the room [63]. If the subject reacts at this stage by sitting or lying down, onset of
syncope can be prevented. Otherwise, symptoms of cerebral and retinal hypoperfu-
sion like light-headedness, fatigue, blurred vision, graying out of colors, tinnitus,
or palpitation develop. If cerebral perfusion remains under the critical level (below
60 mmHg) for longer than 7 s, the cerebral ischemic anoxia reserve is overruled,
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and loss of consciousness develops. Immediately before syncope occurs, subjects
may turn pale and show pupil dilatation and inability to move. During syncope,
postural tone is lost, and eyes are open: upward turning of the eyes, preceded by
downbeat nystagmus, may occur. Loss of consciousness in syncope usually lasts
10-20s, but duration may be longer if cardioinhibition with prolonged asystole (up
to 70s) develops. In this case, arrhythmic myoclonic jerks and loss of urine may
be observed, whereas fecal incontinence is rare. Tongue biting, especially if sided,
is also unusual in syncope and is rather indicative of seizures [54]. Immediately
after cessation of syncope, flushing may occur, as well as moaning or growling.
Recovery is typically quick in syncope (minutes), although fatigue, retrograde
amnesia, sleepiness, or, to the contrary, euphoria or agitation may persist longer,
especially in elderly patients.

Common triggers of vasovagal syncope are represented by prolonged standing
position, warm ambient temperature, pain, vision of blood, needle phobia, or intense
emotions. Autonomic activation may be also triggered by specific stimuli which
originate in the gastrointestinal (swallowing, rectal examination, defecation), uro-
genital (micturition), or respiratory (cough, sneezing) tract, leading to a so-called
situational syncope. Reflex vasovagal syncope may, rarely, have an atypical presen-
tation, i.e., without the abovementioned prodroma. These are, in general, reported
more frequently by female and younger subjects, probably due to more severe auto-
nomic activation in the presyncopal phase, while older subjects may fail to recall
premonitory symptoms, since they are more susceptible to retrograde amnesia.

Syncope occurring in aging individuals during neck manipulation or even upon
mild stimuli such as head turning is suggestive of carotid sinus syndrome, that is,
syncope associated with asystole >3 s or systolic blood pressure drop >50 mmHg
upon carotid sinus stimulation, and should prompt further investigations, including
carotid sinus massage [54].

Orthostatic hypotension (OH) is defined as an orthostatic blood pressure fall
>20 mmHg systolic or >10 mmHg diastolic within 3 min of head-up tilt or standing
[17]. It may also manifest with syncope, but since blood pressure fall is progressive
and not abrupt in this case, patients more frequently complain of prolonged symp-
toms of cerebral and/or generalized hypoperfusion, including light-headedness, diz-
ziness, fatigue, nausea, and cognitive slowing upon standing. Visual problems
ranging from blurring to tunnel vision are also a common complaint, as well as,
more rarely, scotomas and visual hallucinations due to occipital hypoperfusion [63].
Hypoperfusion in shoulder and neck muscles may result in head and neck pain with
a characteristic “coat hanger” distribution. Altered blood supply may also trigger
orthostatic dyspnea and angina in the absence of pulmonary and coronary artery
disease. OH symptoms are typically alleviated by sitting or recumbent position and
are exacerbated in the morning, after large meals, or with heat exposure [16].

If OH develops in the context of a primary autonomic disease (i.e., due to neu-
rodegeneration of the ANS, like in a-synucleinopathies), this may be accompa-
nied by supine and nocturnal hypertension in 30-50% of the patients [9, 11, 24].
Supine hypertension is mostly asymptomatic or manifests with supine headache,
angina, or nocturia, but is important to be recognized, since pharmacological
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interventions for OH may exacerbate hypertensive crises and cause end-organ
damage on the long term [10].

A peculiar form of OH is delayed OH, that is, OH manifesting during prolonged
standing (i.e., after 3 min of orthostatic challenge). Delayed OH is not uncommon in
the elderly, otherwise healthy, population: it presents with OH-typical symptoms after
prolonged standing or walking and may trigger syncope due to reflex bradycardia.
Recent studies suggest that delayed OH may otherwise represent a milder, initial form
of classical OH, especially if associated with parkinsonism or diabetes [21, 42].

Initial OH is characterized by a transient blood pressure decrease immediately on
standing >40 mmHg systolic and/or >20 mmHg diastolic. Afterwards blood pres-
sure quickly normalizes, so that duration of presyncopal symptoms is short (<30 s),
but may still cause syncope in some occasions (e.g., during heat exposure) [17].

Finally, palpitations, anxiety, panic attacks, chest discomfort, dyspnea, and
migraine-like headache are typical symptoms that may be reported by patients suf-
fering from postural orthostatic tachycardia syndrome (POTS) [33], another syn-
drome of orthostatic intolerance, characterized by a disproportionate increase in
heart rate in response to orthostatic stress (>30 bpm within 10 min of standing with
respect to baseline or standing heart rate >120 bpm), whereas little or no change in
blood pressure occurs. A vasovagal reflex may superimpose in one third of patients,
causing syncope or presyncope.

For physiology see Sect. 1.2.1, for clinical testing and management see
Sect. 3.2.11

2.2.1.2 Can | Be Sure? Alternative Etiologies to Take into Account
Dizziness, fatigue, and neck pain are rather vague symptoms, but the occurrence
with postural changes, followed by a prompt resolution with recumbency, is highly
suggestive of orthostatic hypotension. In this clinical scenario, non-neurogenic
causes of orthostatic intolerance should be ruled out. These include hypovolemia, as
a consequence of diarrhea, emesis, or blood loss, among others, and use of drugs,
such as diuretics, neuroleptics, antihypertensives, and other vasoactive agents.
Adrenal insufficiency, systemic mastocitosis, and carcinoid syndrome are other less
common causes of hypovolemia, either due to chronic volume depletion or vasodi-
lation [16] (Table 2.1). In this case, simultaneous evaluation of blood pressure and
heart rate during postural changes supports the diagnosis. Indeed, when hypovole-
mia occurs, the blood pressure drop upon standing is usually coupled with a com-
pensatory increase in heart rate, which is usually blunted (<10 bpm) or absent in
case of neurogenic OH.

Syncope is one cause of transient loss of consciousness (T-LOC), but other
causes of T-LOC may represent a diagnostic challenge in clinical practice. Assessing
the ultimate cause of syncope may also prove difficult. The diagnostic mainstay is a
careful clinical history which should focus on triggers, e.g., sudden postural changes
or prolonged standing, and warning symptoms. If an abrupt onset, without prodro-
mal symptoms, is reported, cardiopulmonary causes of syncope should be promptly
investigated. A variety of heart diseases such as tachy- or bradyarrhythmia, isch-
emia, and valvular or structural cardiopathy may manifest with syncope [3].
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Table 2.1 Key autonomic symptoms per domain and alternative etiologies

Symptom

‘ Alternative etiology

Cardiovascular

Orthostatic intolerance:
Symptoms due to cerebral, retinal, or
global hypoperfusion:
Light-headedness, unclear thinking
Blurred vision, loss of peripheral and
color vision, darkened vision
Coat hanger or low-back pain
Angina pectoris
Symptoms due to autonomic activation
(missing in neurogenic OH):
Sweating
Facial pallor
Nausea
Pupillary dilatation
Palpitations
Yawning
Hyperventilation

Hypovolemia (diarrhea, recent infection, blood
loss)

Medications (diuretics, neuroleptics,
antihypertensive drugs, vasoactive agents)
Hyperthyroidism

Adrenal insufficiency (rare)

Systemic mastocytosis (rare)

Carcinoid syndrome (rare)

Transient loss of consciousness (syncope)

Cardiac syncope
Generalized seizure
Psychogenic pseudosyncope
Psychogenic non-epileptic seizure
Mimicries:

Hypoglycemia

Intoxication

Drop attacks

Cataplexy

Dermatological

Hypohidrosis, anhidrosis

Anticholinergic drugs

BoNT treatment

Hypothyroidism

Autoimmune disorders (Sjogren’s syndrome)
Primary skin diseases

Burns

Radiations

Congenital dysplasia of ectodermal-derived
tissues (rare)

Hyperhidrosis

Alcohol/drug abstinence
Hyperthyroidism

Systemic infection

Occult or manifest neoplasm

Vasomotor disturbances:
Cold hands/feet with pallor or cyanosis
Cutaneous flushing
Peripheral edema

Venous insufficiency
Peripheral artery disease
Cardiac, liver, or renal insufficiency

(continued)
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Table 2.1 (continued)

Symptom

Alternative etiology

Urogenital

Disorders of the urinary storage phase:
Nocturia
Urinary frequency and urgency with or
without incontinence

Infections

Benign prostatic hypertrophy (men)
Pelvic floor relaxation/prolapse (women)
Pelvic surgery

Radiation

Disorders of the urinary voiding phase:
Incomplete bladder emptying
Double voiding
Hesitancy
Interrupted or poor stream

Benign prostatic hypertrophy (men)
Masses

Pelvic surgery

Radiation

Cauda equina syndrome

Erectile dysfunction, ejaculation disorders
(men)

Cardiovascular causes

Drugs (neuroleptics, sympatholytics)
Smoking

Prolactinomas

Thyroid disturbances

Psychogenic erectile dysfunction

Poor vaginal lubrication, genital
hyposensitivity (women)

Menopause

Thyroid disturbances
Prolactinomas

Cardiovascular causes
Psychogenic sexual dysfunction

Gastrointestinal
Dry mouth Anticholinergic drugs

Sjogren’s syndrome

Head/neck surgery and/or radiotherapy
Drooling Benzocaine-containing drugs (cough drops),

neurologic disorders with altered neuromuscular
control (stroke, myasthenia, motor neuron disease,
parkinsonism)

Dysphagia, regurgitation

Neoplasm
Systemic sclerosis

Gastroparesis

Medications (Ca** antagonists, tricyclic
antidepressants)

Neoplasm

Mesenteric vascular insufficiency

Constipation and/or diarrhea

Thyroid disturbances
Disorders of Ca?* metabolism
Chagas’ disease
Hirschsprung’s disease
Intestinal bacterial overgrowth

Respiratory

Sleep-related breathing disorders

Idiopathic sleep-related breathing disorders

Symptoms due to vocal cord palsy:
Stridor
Dysphonia

Laryngeal masses

Chronic laryngitis

Thyroid goiter

Acromegaly

Chest neoplasm (entrapment of the recurrent
laryngeal nerve)

latrogenic lesion of the recurrent laryngeal nerve
(post-thyroidectomy)
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Table 2.1 (continued)

Symptom Alternative etiology

Periodic inspiratory gasps

Agonic respiratory pattern
Respiratory insufficiency of “pump
failure” type

Ophthalmological

Dry eye Allergic conjunctivitis

Contact lenses

Sjogren’s syndrome (CAVE: widespread
autonomic failure has been reported in this
disease)

Incomplete eyelid closure (due to scars,
exophthalmos, or facial nerve palsy)
Vitamin A deficiency (rare)

Symptoms of impaired pupillary Cataract
dilatation: Retinal disorders (e.g., diabetic retinopathy)
Diminished nocturnal vision

Symptoms of impaired pupil light reflex: Cataract
Blurred vision Corneal/vitreous pathology
Photophobia Following refractive surgery
Involuntary eyelid closure

It may be particularly difficult to rule out generalized seizures, since myoclonic
jerks may appear also in the setting of syncope, especially in case of prolonged
asystole due to cardioinhibitory vasovagal activation [57]. However, myoclonic
jerks tend to be few in number and arrhythmic in syncope, while they may last over
minutes and show rhythmicity in generalized epileptic seizures.

Psychogenic disorders, like psychogenic non-epileptic seizures or psychogenic
pseudosyncope, should be also taken into consideration in the differential diagnosis,
especially if psychiatric comorbidities or emotional triggers can be pointed out at
history taking, duration of unconsciousness is exaggeratedly long (up to 60 min),
frequency of syncopal episodes is high, and atypical features are observed during
the episode (e.g., eyelid flatter, swallowing).

Metabolic causes, like hypoglycemia, or more rare causes and mimicries of
T-LOC like drop attacks or cataplexy should be also taken into account in the case
of atypical presentation.

In elderly patients, history taking may be unclear or misleading, and a fall, due
to postural instability, with consequent concussion and loss of consciousness, may
be mistaken for a syncopal event. On the other hand, in older patients, fragile or
with polypharmacy, orthostatic hypotension is also a frequent, treatable, cause for
unexplained falls to be excluded.

Exercise intolerance due to cardiac autonomic neuropathy results from
reduced response in heart rate and blood pressure during the strains. In this con-
text, pre-existing left ventricular systolic dysfunction and silent ischemic coro-
nary disease are to be ruled out. In particular, patients suffering from diabetic
neuropathy may experience painless cardiac ischemia, because of reduced pain
sensitivity [58].
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In patients diagnosed with POTS, clinical workup should rule out iatrogenic
causes (newly prescribed antihypertensive drugs other than p-blockers; high-dose
antidepressants, especially SNRI and TCA; neuroleptics), hyperthyroidism, ane-
mia, or more rare causes, like pheochromocytoma, or the presence of accessory
conduction pathways as in Wolff-Parkinson-White syndrome [19].

2.2.2 Dermatological (Sweating and Vasomotor Disorders)

2.2.2.1 How Does the Patient Complain About Them

Thermoregulatory and sweating dysfunctions are often encountered in the setting of
autonomic disorders. Both hypo- and hyperhidrosis (reduced and increased sweat
production, respectively) may occur with a variable distribution.

Patients may complain of hypohidrosis as reduced tolerance to heat exposure and
skin dryness. If global anhidrosis occurs, the inability of dissipating heat may, in
turn, lead to hyperthermia with potentially fatal consequence [6].

Hyperhidrosis may manifest as drenching sweat, if the whole body is affected,
or as localized sweating in the axillae, palms, soles of feet, and face. Secretomotor
dysfunction may also cause gustatory sweating, which is a pathological sweat-
ing in response to stimuli that usually activate salivation, such as eating or food
aroma [15].

Seborrhea may be reported, but causes other than dysautonomia, e.g., endocrino-
logical, may be more relevant in its pathogenesis [37].

Alterations in skin vasomotor control are responsible for altered venous return,
which results in peripheral edema, cold hands/feet, and Raynaud-like phenomena,
with blueish or blanched extremities. Inappropriate vasodilation may manifest as
paroxysmal cutaneous flushes.

In complex regional pain syndrome (formerly known as reflex sympathetic dys-
trophy), regional sweating and vasomotor abnormalities may occur together with
sensory deficits, dystonic postures, and myoclonic jerks, following traumatic limb
injury or without an apparent cause [8].

2.2.2.2 Can | Be Sure? Alternative Etiologies to Take into Account
Hypohidrosis occurs as a common side effect of drugs with anticholinergic prop-
erties such as tricyclic antidepressants, oxybutynin, and botulinum toxin, the latter
being the treatment of choice for local hyperhidrosis. Sweating disturbances may
be also caused by a variety of conditions, from alcohol or drug withdrawal to thy-
roid dysfunction. Hyperthyroidism is usually characterized by excessive sweat-
ing, while a reduced thyroid function is responsible for hypohidrosis and reduced
heat tolerance. Drenching sweats may be a common sign of hypercatabolic states
linked to systemic infections or neoplasms. Sweat glands may be involved in the
course of primary dermatological disorders, vasculitis (Sjogren’s syndrome), or
burns and radiation therapy, resulting in regional or global anhidrosis. Congenital
dysplasia of ectodermal-derived tissues may be a fairly rare cause of anhidrosis in
children [6].
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2.2.3 Urogenital

2.2.3.1 How Does the Patient Complain About Them

Normal urinary function consists of a sforage phase, in which the bladder detrusor
is inactivated and activation of urethral sphincter muscles prevents urine leak, and a
voiding phase, in which bladder detrusor contraction and urethral sphincter relax-
ation promote passing of urine. Both the storage and the voiding phase are under
involuntary and voluntary control. Neurogenic disorders may result in a variable
combination of detrusor overactivity or underactivity, with or without sphincter dys-
function [46, 60].

Impairment of the urinary storage phase results in nocturia, urinary frequency,
and urgency, with or without incontinence.

Symptoms of voiding phase dysfunction are reported as feeling of incomplete
bladder emptying and need for a double voiding, along with hesitancy and inter-
rupted or poor stream. Since post-void urine residual volume increases in case of
voiding impairment, retention and overflow incontinence may superimpose.

The abovementioned lower urinary tract symptoms usually worsen during the
course of chronic autonomic disorders and may even shift, e.g., from a storage dys-
function to a voiding or mixed one over time [60]. Recurrent lower urinary tract
infections, retrograde pyelonephritis, and eventually urosepsis are frequent compli-
cations of neurogenic bladder disturbances. In case of large post-void residual urine
volume, hydronephrosis and bladder and kidney stones may also occur.

Sexual dysfunction frequently accompanies urological autonomic failure.
Erectile dysfunction in men often remains undiagnosed, but it has been reported that
isolated erectile dysfunction may precede urinary symptoms over years in atypical
parkinsonian symptoms like multiple system atrophy, actually belonging to the ear-
liest, though unspecific, premotor disease signs [14]. Ejaculatory disorders may also
be reported, including premature or delayed ejaculation or complete absence of
semen emission if retrograde ejaculation takes place. Women may complain either
of genital hyposensitivity with anorgasmia or pain during sexual activity due to poor
vaginal lubrication [39].

2.2.3.2 Can | Be Sure? Alternative Etiologies to Take into Account

Lower urinary tract symptoms are a frequent complaint in the aging population of
both genders, resulting from structural to functional disorders of the pelvic dis-
trict, and clinical manifestations may overlap with those of urogenital autonomic
failure.

Laboratory tests to exclude urinary tract infections are mandatory in case of
acute onset of lower urinary tract symptoms, especially if dysuria is present, since
infection is the most common, reversible cause. On the other hand, when recurrent
infections occur, an underlying urodynamic disturbance should be excluded.

The most common etiology for lower urinary tract symptoms in men is repre-
sented by benign prostatic hyperplasia, whose prevalence has an exponential rise
from the sixth decade of life. Obstructive symptoms, like poor or interrupted stream
with hesitancy, are the most frequent complaints, but frequency and urgency can
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occur, as well as incomplete emptying and retention, in the case of superimposing
atonic bladder [18].

In women, urinary symptoms may develop as a consequence of pelvic floor
relaxation and prolapses, especially after multiple labors, or in the presence of pel-
vic masses and scars.

Major pelvic surgery or pelvic radiation may produce urogenital symptoms in
both sexes.

Bladder dysfunction occurring together with low-back pain, saddlelike sensory
deficit, and variable motor and sensory loss in the lower extremities, is highly suspi-
cious for a cauda equina syndrome and should prompt further investigation to rule
out caudal entrapment (vertebral disc prolapses, fractures, neoplasms).

Aging is accompanied by an exponential increase in sexual disturbances as a
result of multiple pathophysiological mechanisms. Poor vaginal lubrication or pain
during sexual intercourse in a postmenopausal woman may reflect genital atrophy
due to the physiological reduction in hormone levels. Chronic diseases, medica-
tions, and atherosclerotic changes may underlie an erectile dysfunction in older
men. Thyroid disorders, prolactinomas, and gonadic hormone deficiency may mani-
fest with sexual dysfunction, among others. Classical cardiovascular risk factors
like smoking, hypertension, and dyslipidemia are further risk factors for erectile
dysfunction of vascular origin. Failure in both erection and ejaculation phases may
also occur as a consequence of prostate surgery or radiotherapy. Retrograde ejacula-
tion is a recognized side effect of many drugs, especially sympatholytic agents.

2.2.4 Gastrointestinal

2.2.4.1 How Does the Patient Complain About Them

Symptoms of gastrointestinal autonomic dysfunction may arise at every level of the
gastrointestinal tract and are divided into symptoms of the upper and of the lower
gastrointestinal tract. Autonomic dysfunction of the upper gastrointestinal tract may
manifest with:

1. Xerostomia, which is a complaint of dry mouth, due to reduced saliva production.

2. Drooling, an excessive pooling of saliva that flows out of the mouth. Drooling is
often reported by patients suffering from parkinsonian syndromes, but in this
context, it is mainly related to impaired deglutition, and it can even coexist with
xerostomia in up to 30% of the patients [5].

3. Delayed bolus transit in esophagus, which may manifest with regurgitation and
dysphagia.

4. Delayed gastric emptying, presenting with bloating, belching, and early satiety.
Gastroparesis may also cause nausea, postprandial vomiting, and anorexia.

Symptoms of the lower gastrointestinal tract may produce a variety of symp-
toms. Constipation and colic pain are by far the most reported. A long-standing
constipation may, in turn, promote bacterial overgrowth, which results in
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intermittent diarrhea. Apart from constipation, dissynergic contraction of pelvic
muscles and anal sphincter may contribute to evacuation difficulties or to involun-
tary loss of stool [13]. Rarely, focal dystonia of the striated anal sphincter may result
in refractory constipation [26].

2.2.4.2 Can | Be Sure? Alternative Etiologies to Take into Account
A detailed pharmacological anamnesis is the first step in the evaluation of salivary
disturbances. Dry mouth is a common side effect of anticholinergic drugs, whereas
benzocaine (contained in cough drops and over-the-counter medications for mouth
ulcers) may cause sialorrhea. Xerostomia is a key feature of Sjogren’s disease and
associated connective tissue disorders. Dryness may involve also the eyes both in
Sjogren’s disease and autonomic failure. Reduced salivary production may follow
surgery and radiotherapy for head and neck tumors. Drooling is frequently encoun-
tered in the setting of altered neuromuscular control of swallowing, such as bulbar
form of amyotrophic lateral sclerosis, myasthenia gravis, or cerebral palsy.
Symptoms of chronic, delayed bolus transit may result from anatomical obstruc-
tions and should prompt exclusion of malignancies. Mesenteric vascular insuffi-
ciency should also be considered as a likely cause of gastroparesis in the elderly.
Medications (Ca** blockers, antidepressants) and metabolic disturbances (hypothy-
roidism and hypercalcemia) should be excluded as common causes of chronic con-
stipation. Rare etiologies for obstructive colonic symptoms are represented by
Chagas’ disease and Hirschsprung’s disease, respectively, an infective and heredi-
tary cause of enteric nervous system degeneration. Systemic sclerosis with visceral
involvement may also be a rare case of gastrointestinal obstruction, especially at
esophageal level.

2.2.5 Respiration and Sleep

2.2.5.1 How Does the Patient Complain About Them
Respiratory symptoms may be an early manifestation of autonomic failure in
patients with multiple system atrophy (MSA), though commonly associated with
advanced stages and, overall, constituting a poor prognostic predictor [25].
Obstructive sleep apnea is generally an early manifestation, while central sleep
apnea may develop later on, when degeneration of brainstem breathing relays occurs
[48]. Sleep-related breathing disorders are typically reported by the patient’s bed
partner, while the patient himself may be less aware of them. These include enhanced
or new-onset snoring and stridor, a harsh and strained high-pitched inspiratory
sound that occurs especially, but not only, at nighttime, which is due to pathological
adduction of the vocal cords and is typically accompanied by chronic dysphonia.
Sleep is not restorative in these patients, who also complain about sleepiness and
sleep attacks during daytime.

In patients with severely impaired central respiratory drive, awake breathing
rhythm alterations, like periodic inspiratory gasps or agonic respiratory patterns,
may occur, as well as respiratory insufficiency of “pump failure” type [35].
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2.2.5.2 Can | Be Sure? Alternative Etiologies to Take into Account

When sleep-related disorders precede other autonomic or motor manifestations,
they cannot be distinguished from idiopathic sleep-related disordered breathing.
Anecdotal reports of surgical intervention for snorers, who were eventually diag-
nosed with multiple system atrophy (MSA), underline the importance of a careful
differential diagnosis [25].

Chronic stridor and other inspiratory disorders result from a partial obstruction
of the upper respiratory tract, usually at glottic or supraglottic levels [38]. Clinical
examination by the otorhinolaryngologist is required to exclude neoplastic, cystic,
or inflammatory lesions of the larynx. Extrinsic stenosis may be caused by disorders
of the adjacent structures, such as thyroid goiter or cancer, or result from neck sur-
gery and radiotherapy. Soft tissue swelling secondary to acromegaly is a less com-
mon cause of obstruction and sleep apnea. Unilateral vocal cord palsy may be
caused by chest or mediastinal neoplasm entrapping the recurrent laryngeal nerve or
by accidental lesion of the recurrent laryngeal nerve during thyroid surgery.

2.2.6 Ophthalmological Autonomic Dysfunction

2.2.6.1 How Does the Patient Complain About It

Autonomic disorders may affect both lacrimation and pupillomotor function.
Patients may complain of xerophthalmia, dry eyes, which results from impaired
cholinergic stimulation of lacrimal glands.

Reduced nocturnal visual acuity and blurred vision, photophobia, and involun-
tary eyelid closure to light are typical symptoms of altered pupillomotor function
due to impaired iris dilation and pupil light reflex, respectively [67]. Basal altera-
tions of pupil diameter or altered pupillary response to cholinomimetic or sympa-
thomimetic drugs are usually not noted by the patients [65].

2.2.6.2 Can | Be Sure? Alternative Etiologies to Take into Account

Eye dryness is a cardinal feature of Sjogren’s disease. Autonomic failure is not fre-
quent in Sjogren’s disease, although cases with severe cardiovascular autonomic
failure have been described [49]. Incomplete eyelid closure, e.g., after facial nerve
palsy or previous injuries with scarring, is a mechanical cause of eye dryness to be
excluded. Xerophthalmia is a classical manifestation of vitamin A deficiency, by
now a rare finding in developed countries.

Diminished night vision is frequently reported as a consequence of cataract,
typically in elderly subjects, but other causes include a variety of retinal disorders,
like diabetic retinopathy, among others. Photophobia may occur in association with
cataract and corneal or vitreous disturbances or as a side effect of refractive surgery.

2.2.7 Useful Screening Tools: Autonomic Questionnaires

Standardized questionnaires represent a useful tool to assess and rate the severity of
autonomic symptoms. The most suitable one should be chosen among the validated



2 Where Is the Autonomic Disease? 27

available scales on the basis of physician’s purpose. The Composite Autonomic
Symptom Scale (COMPASS) and the Composite Autonomic Scoring Scale (CASS)
have been developed to introduce a scoring system of autonomic symptoms’ sever-
ity and a correlation with autonomic function tests, respectively. The COMPASS is
a self-administered survey, consisting of 84 items, and has been validated in a vari-
ety of autonomic disorders. A shorter version, the COMPASS-31, has been also
developed [50].

The orthostatic hypotension questionnaire (OHQ) is a ten-item scale, purposely
developed to assess severity of symptoms due to orthostatic hypotension and their
impact on daily activity [27].

Specific questionnaires have been developed to evaluate autonomic symptoms in
different diseases. The Scales for Outcomes in Parkinson’s Disease-Autonomic
(SCOPA-AUT), a self-administered, brief questionnaire which covers cardiovascu-
lar, gastrointestinal, urinary, thermoregulatory, pupillomotor, and sexual domains, is
recommended for patients with Parkinson’s disease [41]. The Unified Multiple
System Atrophy Rating Scale (UMSARS) evaluates severity of motor and auto-
nomic symptoms in patients with multiple system atrophy and can be used to moni-
tor disease progression as well. Questions about disease-specific autonomic
symptoms are included in UMSARS part I, a broader historical review, and results
of quick orthostatic challenge test are reported in UMSARS part III [61].

2.3  OtherImportant Clues from History Taking

2.3.1 Time Course: Episodic/Situational, Acute, Subacute,
and Chronic Symptoms

The mode of onset and the time course of autonomic symptoms provide essential
clues for an etiological diagnosis. An episodic time course is, for example, typical
of orthostatic and situational vasovagal syncope, where triggering or exacerbating
factors can be pointed out at history taking. An acute or subacute onset of autonomic
disturbances usually prompts to an immune etiology, such as acute inflammatory
demyelinating polyradiculoneuropathy (AIDP), acute autonomic ganglionopathy,
or a paraneoplastic syndrome. An AIDP, also known as Guillain-Barré syndrome,
manifests with ascending flaccid paralysis and areflexia, frequently after an infec-
tious illness. It has a monophasic evolution, usually without recurrence, and severe
autonomic disturbances, such as arrhythmia and marked hypo- and hypertensive
peaks, may occur in up to 20% of the patients during the disease course [68].

An acute monophasic time course, frequently followed by spontaneous remis-
sion or stabilization, as well as a premorbid report of infectious illnesses is sugges-
tive of acute autonomic ganglionopathy, while in paraneoplastic syndromes, a
subacute onset, often preceding the diagnosis of malignancies, is common.

Isolated attacks with generalized or organ-specific autonomic dysfunction may
occur as a consequence of drug or toxin exposure, such as organophosphate pesti-
cides. Autonomic crises are also a typical feature of some rare diseases with auto-
nomic nerve involvement such as Riley-Day syndrome and porphyria.
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A chronic, progressive course of autonomic symptoms points towards a degen-
erative pathology of the autonomic nervous system which may occur alone, as in
pure autonomic failure, or in combination with additional neurological features as
in MSA, Parkinson’s disease, and dementia with Lewy bodies. Autonomic failure is
typically progressive and ranges from milder manifestation in Parkinson’s disease
to severe dysautonomia in pure autonomic failure and multiple system atrophy [55].

2.3.2 Age and Gender

With the exception of vasovagal syncope, which may also occur in otherwise healthy
children, disease onset in the childhood or teenage points toward a genetic cause.

In the age range from 10 to 30 years, up to 47% of the females and 31% of the
males experience at least one syncopal episode, vasovagal syncope being by far the
most common etiology. Syncope shows a second peak of incidence after the age of
65, with cardiopulmonary causes playing a key role in this age cluster [54].

POTS and vasovagal syncope show a striking female prevalence, usually affect-
ing young women in childbearing age [19].

Primary forms of autonomic failure are characterized by a sporadic adult onset
in the sixth or seventh decade [56, 62]. MSA and pure autonomic failure have a
similar incidence in both genders, while Parkinson’s disease has a 1.5 times higher
male prevalence. Recent evidence suggests that some autonomic symptoms in
Parkinson’s disease may be more frequent and progredient in male patients [52]. In
secondary autonomic failure, the gender prevalence and the age of onset depends on
the underlying causative disease. Thus, like other autoimmune disorders, AAG may
more frequently affect female patients in their young or middle adulthood, while
diabetic and uremic neurogenic OH typically affect older individuals.

The presentation of autonomic disturbances itself may be also influenced by age.
For instance, orthostatic intolerance more often features light-headedness in the
young and cognitive slowing in the elderly [32].

2.3.3 Family History

Autonomic failure may occur in a number of rare genetic diseases including familial
amyloidosis, Fabry disease, hereditary sensory autonomic neuropathies, and por-
phyrias [15]. The main presentation is a peripheral neuropathy with both autonomic
and sensory deficits. Additional manifestations and familial recurrence pattern are
helpful clues to address genetic testing.

Familial amyloidosis is an autosomal dominant inherited disease, caused by
mutations in the gene coding for transthyretin. Like in acquired forms of amy-
loidosis, the aberrant form of transthyretin accumulates in different organs.
Peripheral nerves are the second most common site of deposition after cardiovascu-
lar system, and this accounts for the frequent autonomic and sensitive neuropathic
manifestations.
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Fabry disease is due to an X-linked mutation in the enzyme a-galactosidase A
that leads to lysosomal accumulation of glycosphingolipids. It manifests with early-
onset heart failure, renal failure, and stroke. Neuropathic involvement results in
painful crises and sweating disorders. According to its X-linked genetics, Fabry
disease affects predominantly male patients, but heterozygous female carriers may
also become symptomatic [44].

Hereditary sensory autonomic neuropathies (HSAN) are currently classified in
five forms on the basis of the genetic substrate and clinical presentation. They usu-
ally feature mixed autonomic and sensory manifestations with the exception of
HSAN III. This form, also known as Riley-Day syndrome or familial dysautonomia,
shows a selective absence of unmyelinated fibers and manifests as isolated auto-
nomic crises with onset in the childhood [40].

Isolated sympathetic noradrenergic failure is the unique manifestation of dopa-
mine B-hydroxylase deficiency, a rare genetic disorder with autosomal recessive
transmission [45]. It selectively impairs conversion of dopamine into noradrenaline
in peripheral nerves; thus, parasympathetic and sympathetic cholinergic functions
(sweating) are normally preserved. The usual presentation is a combination of
orthostatic hypotension and eyelid ptosis in children.

2.3.4 Comorbidities: Main Suspects

In patient with polypharmacy, the first step is to review drug schedules for potential
offending drugs, especially if recent changes have been applied. As mentioned
before, high-dose antihypertensive or psychotropic drugs are the main cause of
new-onset OH. Anticholinergic drugs, either for treatment of bladder detrusor over-
activity or for symptomatic treatment of parkinsonism and dystonia, may in turn
induce xerostomia, accommodation difficulties, gastrointestinal dysmotility, and
atonic bladder.

Secondary involvement of ANS is far more common than primary autonomic
disorders; thus, exclusion of metabolic or immunologic etiologies is a key step in
the diagnostic workup.

Fasting blood glucose and glycated hemoglobin levels should always be checked
as diabetes mellitus is a leading cause of autonomic neuropathy, and an altered gly-
cemic control represents its strongest predictor [58]. Autonomic neuropathy may
also arise in the setting of uremia, liver disorders, chemotherapy, neck or thoracic
radiotherapy, and nutritional deficiencies.

A panel of immunological test may be performed to exclude autoimmune condi-
tions with secondary dysautonomia, such as Sjogren’s disease, rheumatoid arthritis,
and systemic lupus erythematosus.

Borreliosis, leprosy, botulism, syphilis, and HIV infection may also present with
autonomic neuropathy. Autonomic involvement during infectious illness may be a
consequence of direct microbial neurotropism, neurotoxin production, or autoim-
munity triggered by molecular mimicry. The latter is the likely mechanism which
underlies post-infectious acute autoimmune demyelinating polyneuropathy.



30 A. Fanciulli et al.

Subacute onset of autonomic symptoms without other apparent causes in middle-
aged individuals should rise suspicion for an occult neoplasm. Different mecha-
nisms may account for ANS involvement in cancer, including direct infiltration,
chemotherapy-related toxicity, nutritional alterations, or, in the absence of the previ-
ous, paraneoplastic manifestation [2] . Paraneoplastic autonomic syndromes fre-
quently present together with sensory neuropathy. The autoantibody most commonly
associated is anti-Hu; others are anti-PCA-2 and anti-CRMP-5 [16]. Small-cell lung
cancer is present in more than 80% of the seropositive patients, but autonomic and
sensory deficits may antedate the tumor diagnosis, which, when found, tends to be
localized and treatment responsive. History taking should focus on suggestive fea-
tures like tobacco consumption, nocturnal sweating, or unexplained weight loss,
and a total body scan should be performed.

2.3.5 Additional Neurological Signs

Autonomic dysfunction may occur isolated or, more often, as a part of a disorder
with a broader neurologic presentation. As mentioned above, sensory neuropathy
accompanies autonomic failure in hereditary sensory autonomic neuropathies and,
frequently, in paraneoplastic syndromes.

Diabetic peripheral neuropathy usually presents with a mixed autonomic and
distal sensorimotor phenotype. Sweating and vasomotor abnormalities occur along
with pain, numbness, paresthesia, areflexia, and weakness which spread from the
extremities in a length-dependent fashion [4].

In neurodegenerative disorders of the central nervous system, autonomic failure
is part of a complex presentation which may include parkinsonism, ataxia, pyrami-
dal signs, and dementia. A combination of these features along with the severity of
dysautonomia guides the differential diagnosis, which may be particularly difficult
prior to develop a full-blown clinical picture (Fig. 2.1).

First evaluation
* Distribution, characteristics and onset of autonomic symptoms
* Basic general examination (heart, lungs, abdomen, hydration state)
* Neurological examination

Isolated autonomic /Autonomic dysfunction\ / Autonomic dysfunction
failure and peripheral neuropathy \ and central nervous system

o pathology
* MIBG-scintigraphy, « Nerve conduction studies (parkinsonism, ataxia)
* antiganglionic nicotinic * laboratory test (glucose,
receptor antibodies HbA1c, anti SS-A and SS-B, || « Autonomic function tests
* Neoplasm-associated neoplasm-associated * neuroimaging (MRI)
autoantibodies autoantibodies, * cognitive evaluation
(e.g. anti-Hu) immunoelectrophoresis),

* punch skin biopsy
\ * genetic tests /

Fig. 2.1 Turning the jigsaw into an autonomic diagnostic hypothesis
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24  From Autonomic Symptoms to a Diagnostic Hypothesis
2.4.1 Primary Autonomic Diseases

Autonomic failure is a key feature of a group of sporadic neurodegenerative disor-
ders, whose pathological hallmark is represented by a-synuclein inclusions.
a-synuclein accumulates within oligodendroglial cytoplasmic inclusion in MSA,
and within neuronal cytoplasmic inclusions, the so-called Lewy bodies, in PD,
dementia with Lewy bodies and pure autonomic failure. a-synuclein accumulates
within oligodendroglial cytoplasmic inclusion in MSA and inside neuronal somas,
Lewy bodies, or Lewy neurites, among others.

MSA is a progressive, fatal disorder which features parkinsonism, cerebellar and
pyramidal symptoms, and autonomic failure in various combinations. Autonomic
failure is an early and prominent manifestation which is underlain by a likewise
conspicuous neurodegeneration over hypothalamus, noradrenergic and serotoniner-
gic brainstem nuclei, and intermediolateral columns in the spinal cord [12].

A diagnosis of probable MSA requires the presence of urogenital dysauto-
nomia (urinary incontinence plus erectile dysfunction in men) or an orthostatic
fall by at least 30 mmHg in systolic or 15 mmHg in diastolic blood pressure
within 3 min of standing or head-up tilt [23]. Further features of dysautonomia
in MSA are represented by generalized hypo- or anhidrosis, stridor, and sleep-
related breathing disturbances [31]. The association of these features with a poorly
levodopa-responsive parkinsonism or a sporadic adult-onset cerebellar ataxia is
highly suggestive of MSA.

The parkinsonian variant of MSA may be easily mistaken for idiopathic PD,
especially at disease onset [31]. Autonomic failure in PD is milder and usually a
later manifestation. Neuropathological changes involve both central autonomic
nuclei and, to a greater extent, peripheral autonomic relays. Constipation is a
common premotor manifestation of PD [1] and one of the most reported non-
motor symptoms. A variety of urinary complaints, and particularly nocturia, may
be present in up to 75% of the patients with PD [46]. Prevalence of OH is 30%
in PD, ranging from 14% in drug-naive patients to 52% in advanced stage of the
disease [10].

Dementia with Lewy bodies is defined by the presence of progressive dementia
with fluctuating cognition and parkinsonism [34]. The burden of autonomic dys-
function is considered intermediate between MSA and Parkinson’s disease [55]. A
high prevalence of carotid sinus hypersensitivity has been reported in patients with
dementia with Lewy bodies [28].

Pure autonomic failure is a rare a-synucleinopathy which is defined by the pres-
ence of isolated autonomic disturbances, mainly severe OH, without additional neu-
rological features. a-Synuclein mainly accumulates in peripheral autonomic nerves
in pure autonomic failure [20]. Many cases of pure autonomic failure may develop
parkinsonism or cognitive impairment during the disease course, eventually evolv-
ing into PD, MSA, or dementia with Lewy bodies. Pure autonomic failure is settled
at the extremity of a spectrum in a-synuclein distribution pattern, since it selectively
involves peripheral ANS and spares the central nervous system.
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Autonomic failure has been also reported in t-pathies like progressive supranu-
clear palsy and frontotemporal dementia.

Progressive supranuclear palsy is an atypical parkinsonism, characterized by
poor L-dopa responsiveness, vertical gaze palsy, and frequent falls. Three years
after disease onset, urinary urge or incontinence has been reported in 54% of the
patients [7]. Occurrence of OH in progressive supranuclear palsy is debated, with
some studies reporting similar prevalence of OH like in PD, but others not confirm-
ing this observation [29, 47].

The presence of cardiovascular autonomic failure was recently reported in
patients with frontotemporal dementia, another t-pathy characterized by severe
cognitive impairment, behavioral abnormalities, and signs of first and second motor
neuron degeneration in different combinations. In these patients, the presence of
OH may remain underdiagnosed, due to inability of the patient to communicate
symptoms [51].

A new entity, the cerebellar ataxia, neuropathy, and vestibular areflexia syn-
drome (CANVAS), has been recently described and is pointed as a further cause of
autonomic dysfunction [64]. The presentation with cerebellar ataxia and autonomic
symptoms may mislead to a diagnosis of MSA cerebellar variant, but the presence
of a sensory neuronopathy such as a more benign course may be supportive. Both
autonomic and sensory symptoms probably result from a degenerative ganglionopa-
thy, as suggested by neuropathological studies [53].

2.4.2 Secondary Autonomic Diseases

A variety of systemic illnesses may affect the peripheral nervous system and pro-
duce autonomic symptoms. Chronic alcohol consumption, metabolic disorders,
autoimmunity, or toxins are among the implicated factors.

One of the main causes of secondary autonomic dysfunction, as mentioned above,
is represented by diabetes mellitus. Autonomic neuropathy is one of the multifac-
eted manifestations of peripheral nervous system involvement in diabetes, which
also includes distal sensory motor neuropathy and mononeuropathies. Reports on
prevalence and time onset are contrasting; even if autonomic neuropathy is usually
a complication of a long-standing diabetes, it may appear within a year from the
diagnosis in type 2 and within 2 years in type 1 diabetes patients [43]. Poor glyce-
mic control seems to be crucial in its development [22, 69]. The manifestations may
range from a global autonomic failure to an asymptomatic dysfunction which may be
detected when autonomic tests are performed. When autonomic involvement appears
in the context of a classical distal neuropathy, hypo- or anhidrosis and vasomotor
disturbances develop together with sensory disturbances in the extremities. Visceral
involvement manifests as gastroparesis, which may be particularly severe, alternating
constipation and diarrhea, cystopathy, and erectile dysfunction [58]. Strict glucose
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and glycated hemoglobin targets should be avoided in these patients, since loss of
sympathetic activation during hypoglycemia may result in hypoglycemia unaware-
ness and a higher risk of hypoglycemic coma. Cardiovascular autonomic neuropa-
thy may also develop, carrying along a higher overall mortality and morbidity [59].
Symptoms of cardiovascular dysfunction in diabetes are represented by resting tachy-
cardia, orthostatic hypotension, reduced tolerance to exercise, and painless myocar-
dial ischemia.

Sjogren’s syndrome is often associated with neuropathic autonomic manifesta-
tions, the most prevalent being pupillomotor abnormalities, sweating reduction, and
orthostatic hypotension. These may appear in the setting of a pure autonomic neu-
ropathy or as an additional feature of sensory ataxia and painful or trigeminal neu-
ropathies. Interestingly, these manifestations may frequently precede the diagnosis
of sicca syndrome [36].

Peripheral neuropathies with autonomic manifestations may also arise in the
absence of obvious underlying disorders. The frequent detection of autoantibodies,
as well as the clinical overlap with acute inflammatory demyelinating polyneuropa-
thy or paraneoplastic syndromes, has pointed towards an immunological etiology of
these conditions. Different entities have been described on the basis of clinical pre-
sentation, which may range from an exclusive autonomic dysfunction to mixed
autonomic and sensory or sensory motor manifestations [30]. The best character-
ized entity is represented by autoimmune autonomic ganglionopathy (AAG), previ-
ously known as acute pandysautonomia [66]. AAG is associated in up to 50% of the
patients with an antiganglionic acetylcholine receptor antibody, which probably
plays a direct pathogenetic role as autoantibody levels are closely related to disease
severity and remission. The disease usually features an almost exclusive autonomic
presentation with orthostatic intolerance and gastrointestinal dysmotility as a prom-
inent manifestations [30].

Take Home Messages

* Autonomic disorders have a multifaceted presentation which may overlap
with common non-autonomic medical conditions. A careful history taking
and examination is the first milestone to guide clinical work-up.

* The early onset of a progressive, severe autonomic failure in the setting of a
parkinsonian or a cerebellar syndrome is highly suggestive for multiple sys-
tem atrophy

* Autonomic disturbances feature in a variety of peripheral neuropathies sec-
ondary to acquired or congenital metabolic disorders (e.g. diabetes, Fabry’
disease), autoimmune diseases (Sjogren’s syndrome, systemic lupus erythe-
matosus), toxic or infectious causes.

* An acute or subacute onset of autonomic symptoms should prompt exclusion
of a paraneoplastic cause. An autoantibodies panel and ad hoc imaging stud-
ies should be performed.
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3.1 Diagnostic Approaches to Cardiovascular Autonomic
Diseases

3.1.1 History, Neurological and General Evaluation, and ECG
Assessment

Cardiovascular autonomic dysfunction and disease may affect only one organ or
system but may be an important feature of underlying neurological disorder [2].
Cardiovascular autonomic dysfunction is a common part of many neurological dis-
orders and is often the most disabling part of the disorder.

This chapter outlines the diagnostic approach to the most common cardiovascu-
lar autonomic dysfunctions, hypotension, autonomically mediated (or reflex) syn-
cope, postural tachycardia syndrome (PoTS), and autonomic failure, and how to
manage these by the use of both non-pharmacological measurements and pharma-
cological measurements.

The clinical picture of autonomic failure is usually dominated by disabling
orthostatic hypotension (OH). Severely affected patients are able to stand only for a
few seconds because of dramatic blood pressure (BP) falls produced by impaired
cardiovascular adaption to upright posture [3].

Patients with autonomic failure share a similar clinical presentation; they are
unable to tolerate upright posture because of severe orthostatic hypotension. It is
however important to distinguish the different syndromes associated with auto-
nomic failure because they differ in their disease pathophysiology, response to phar-
macological treatment, and prognosis.

Virtually any disease that affects peripheral nerve function can produce auto-
nomic failure.

Disorders associated with autonomic failure can be classified according to the
type and severity of autonomic manifestations, associated neurological symptoms,
and temporal profile [1].

Orthostatic hypotension (OH) is a prominent feature of autonomic failure, and it
is often the symptom that leads the patient to seek medical advice. OH, also called
postural hypotension, is a temporary lowering of blood pressure (hypotension), usu-
ally due to standing up suddenly (orthostatic). The change in position causes a tem-
porary reduction in blood flow and oxygen to the brain. Upon standing gravity
promotes the pooling of blood in the lower extremities, which decreases venous
return of blood circulating back to the heart. Normally, cardiac and carotid sinus
baroreceptors sense the decrease in blood volume and initiate increased heart rate
and peripheral vasoconstriction.

In individuals with OH, there is an impaired efferent sympathetic signal to
the arterioles and a failure to release norepinephrine appropriately upon stand-
ing. The consequent vasoconstrictor insufficiency results in blood pooling in
the lower extremities, with subsequent decreased venous return to the heart and
brain.

OH can be confirmed by measuring blood pressures and heart rate in supine and
upright positions. BP and heart rate should be measured after symptoms develop or
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after 3 min of standing. If the patient is unable to stand, testing for orthostatic hypo-
tension may be done after the patient has risen to a sitting position with the feet
dangling over the edge of the bed [4].

3.1.2 What Clinical Signs Hint to a Cardiovascular Autonomic
Disease?

* Severe orthostatic hypotension

* Postprandial hypotension

* Supine hypertension

e High blood pressure variability

* Blunted heart rate variability

* Often a “non-dipping” or “reverse dipping” pattern on 24-h ambulatory blood
pressure monitoring

e Medications influencing the cardiovascular autonomic nervous system/
polypharmacy

3.2  What Can I Differentiate Already at Bedside and How
Do | Manage the Patient?

3.2.1 Hypotension

Hypotension is the most common symptom of all cardiovascular autonomic dys-
functions. It can be the only symptom, it can occur together with syncope and
postural tachycardia syndrome (PoTS), or it may be the initial sign of autonomic
failure in both primary and secondary disorders of the autonomic nervous system
(ANS): pure autonomic failure (PAF), multiple system atrophy (MSA), Parkinson’s
disease (PD), dementia with Lewy bodies, autoimmune autonomic ganglionopa-
thy, amyloidosis, and diabetic autonomic neuropathy [5]. The prevalence of OH
increases with age [6].

Common secondary causes are spinal cord injury (SCI), stroke, multiple sclero-
sis (MS), Guillain—Barré syndrome, motor neuron disease, adrenal insufficiency,
and vitamin deficiencies (e.g. B1, B12).

Non-neurogenic causes are volume depletion, pump failure, drugs, mitral valve
prolapse, electrolyte disturbance, prolonged bed rest, pregnancy, and alcohol [2].

3.2.1.1 Orthostatic Hypotension
Definition

Orthostatic hypotension (classic) (OH) is defined as a sustained drop in blood pres-
sure (BP) of greater than 20 mmHg systolic or 10 mmHg diastolic 3 min after rising
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to a standing position from a supine position [4]. OH is an inability to maintain suf-
ficient BP and adequate cerebral perfusion against gravity.

In neurogenic OH the heart rate response to changes in blood pressure is mini-
mal, although there may be a mild compensatory increase, i.e. below 30 beats per
minute.

Immediately after standing, there is gravitationally mediated redistribution of the
blood volume and a pooling of 300-800 ml of blood in the lower extremities and
splanchnic venous system [7]. This results in decreased stroke volume, as well as
decreased systolic pressure and increased diastolic pressure.

“Initial OH” is characterised by a BP decrease immediately on standing of
>40 mmHg systolic and/or >20 mmHg diastolic. BP then spontaneously and rapidly
returns to normal, so the period of hypotension and symptoms is short (<30 s) [8, 9].
To confirm the presence of initial OH, BP must be recorded continuously (beat to
beat) ideally in an autonomic laboratory. Bedside tests are not available.

“Delayed (progressive) OH” is not uncommon in elderly persons [10] and in
patients with spinal cord injuries (SCI) [11]. Recent studies from Gibbons and
Freeman [12] and Pavy-Le Traon [13] found a 10-year conversion rate to OH and
higher prevalence of delayed OH in possible vs. probable MSA, respectively.

It is characterised by a slow progressive decrease in systolic BP on assuming
erect posture. The absence of a bradycardiac reflex (vagal) differentiates delayed
OH from reflex syncope. Delayed OH may be followed by reflex bradycardia [9].

In recently injured tetraplegics (2—13 days post injury), the basal supine level of
blood pressure usually is lower than normal (mean arterial pressure, 57 mmHg in
tetraplegics and 82 mmHg in normal subjects) [14]. Also in recently injured tetra-
plegics, the basal heart rate is usually <100 beats/min [15]. Frankel et al. found an
inverse correlation between level of lesions and both systolic and diastolic blood
pressure [16].

For physiology see Sect. 1.2.1, for history taking see Sect. 2.2.1.1

Epidemiology
In an unselected population >65 years, the prevalence of OH was reported to be
5-30% [17].

The prevalence of symptomatic OH increased from 14.8% in persons aged
65-69 years to 26% in persons >85 years, signifying the association between symp-
tomatic OH and ageing [18]. In other populations, such as in Parkinson’s disease,
the prevalence of OH may be as high as 60% [19]. The presence of OH increases
risk for falls and all-cause mortality in middle-aged and elderly persons [20]. OH is
an independent risk factor for cardiovascular morbidity and mortality from stroke,
coronary heart disease, and chronic kidney disease [20].

Although symptoms of OH may include dizziness and syncope, asymptom-
atic OH is far more common and represents an independent risk factor for mor-
tality and cardiovascular disease. In a prospective study of more than 33,000
individuals, asymptomatic OH was present in over 6% and was associated with
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age, female sex, hypertension, antihypertension treatment, increased heart rate,
diabetes, low body mass index, and recurrent smoking [21]. Those with OH had
significantly greater risk for all-cause mortality, especially those younger than
42 years, and higher risk for coronary events. OH has a prognostic role on cog-
nitive and cardio- and cerebrovascular outcome in a-synucleinopathies.

Non-neurogenic Causes of OH

Drugs are the main non-neurogenic cause of orthostatic hypotension. Reducing or
changing medications may lead to significant improvement. The a-blockers attenu-
ate the o-adrenergic response, which increases vascular resistance and therefore
should be avoided. The prevalence of orthostatic hypotension with the use of cal-
cium antagonists ranges from 1% to 7%. The rate is low with thiazide diuretics and
-blockers, and some f-blockers with intrinsic sympathomimetic activity may even
improve orthostatic hypotension. The co-administration of loop diuretics with other
antihypertensives increases orthostatic hypotension [20].

Drugs that may cause or aggravate orthostatic hypotension and syncope [22]:

* «-Adrenoceptor agonists (a-blockers)
e Antipsychotics

e B-blockers

* Nitrates

* Hypnotics

* ACE inhibitors

* Anaesthetics

* Angiotensin II antagonists

* Barbiturates

e Calcium antagonists

* Clonidine

* Diuretics

* Levodopa and dopamine agonists

e Methyldopa

* Nitrates

* Phenothiazines

* Sildenafil

* Tricyclic and MAOI antidepressants

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker;
MAOI, monoamine oxidase inhibitor

Other non-neurogenic causes are low intravascular volume (blood or plasma
loss, fluid or electrolyte loss), impaired cardiac function due to structural heart dis-
ease, and vasodilatation due to drugs, alcohol, heat, and bed rest [2, 23].

OH and tachycardia may occur after prolonged bed rest or following exposure to
microgravity, such as in spaceflights [24].
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Examination
The history is of particular importance and has a high diagnostic value (including
pre-existing conditions, a detailed description of the order of symptoms, and exhaus-
tive drug history including over-the-counter drugs) [5].

The European Federation of Neurological Societies (EFNS) guidelines on the
diagnosis and management of OH [23] recommend the following actions:

e Structured history taking see Sect. 2.2.1.1
e Detailed physical examination

e 12-lead ECG recording

e Laboratory testing [25]:

— Blood tests (HbA1C), oral glucose tolerance test, urea and electrolytes,
thyroid-stimulating hormone, HIV serology, hepatitis C serology/viral load,
ACE level, ANA, anti-Ro/La antibodies, rheumatoid factor/anti-cyclic citrul-
linated peptide antibodies, anti-tissue transglutaminase antibody, serum elec-
trophoresis, vitamin B12 levels, leucocyte a-galactosidase A activity (Fabry’s
disease), lipid profile, erythrocyte sedimentation rate, and SAP (serum amy-
loid P component)

e Eventually additional tests are needed:

— Genetic testing: SCN9A/SCN10A mutations and transthyretin mutations
(familial amyloid)

— Imaging: if malignancy or sarcoidosis suspected, chest X-ray/CT with con-
trast and SAP (Serum Amyloid P component) scan (amyloid)

— Tissue biopsy: abdominal fat biopsy (amyloid), small bowel biopsy (coeliac
disease), biopsy of suspicious lesion to confirm malignancy, lip biopsy
(Sjogren’s syndrome), and nerve biopsy (generally not performed unless there
is large fibre involvement)

e BP measurements while supine and upright

e Cardiologic referral, if heart disease or abnormal ECG is present or suspected

e Active standing or head-up tilt (HUT), ideally with continuous assessment of BP
and HR for 3 min

e Further ANS screening tests, with other appropriate investigations, depending on
the possible aetiology of the underlying disorder

Non-neurogenic causes of OH must be considered, as they can exacerbate neu-
rogenic OH [5].

Treatment of OH

General Management [5, 26]

Longitudinal studies have suggested that OH can increase the risk for stroke, myo-
cardial ischaemia, and mortality. The therapeutic goal is to attenuate or eliminate
symptoms rather than restore normotension.
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Non-pharmacological Treatment

Non-pharmacological measurements are the basis for all interventions. Commonly
before starting on any medication, the patient should have boosted the blood pres-
sure by non-pharmacologic measurements first for a couple of months, i.e. venous
compression, use of physical counter manoeuvres, and intermittent water bolus
treatment. Treatment can be difficult, and the development of supine hypertension
should be minimised, especially in patients with diabetes, heart failure, or cardiac
ischaemia [20].

Standing upright results in translocation of between 500 and 700 mL of blood
from central compartments to the lower limbs; this causes marked pressure differ-
entials, with a substantial rise in pressure below and a fall in pressure above heart
level [27]. It is essential to use adaptive mechanisms to ensure the maintenance of
arterial blood pressure and in providing an adequate perfusion pressure to organs, to
avoid malfunction especially while standing upright.

e Avoidance of factors that may induce OH, like elevated environmental tempera-
tures (hot bath, hot shower, and sauna) which may cause venous pooling.

* Avoid prolonged recumbence during daytime.

* Avoid sudden head-up postural change (especially on waking when BP may be
lowered by nocturnal polyuria) [28]. In the morning, move to head-up position
slowly, sit on the edge of the bed for some minutes after recumbence, and acti-
vate calf muscles while supine.

* Two glasses of water on the bed table, slowly getting out of bed [29].

* Elevation of the bed head (20-30 cm) to avoid supine hypertension.

e High salt diet (6—10 g/day).

* High fluid intake (six to eight cups of water each day) [29].

* A small amount of coffee or tea is beneficial, coffee (one or two cups) after meals.

* Avoid alcohol.

* Avoid large meals (especially with refined carbohydrate).

* Maintain postural stimuli.

* Move slowly when sitting up or standing after lying down.

* Avoid standing for long periods of time.

* Physical counter manoeuvres (e.g. leg crossing on standing, gentle marching on
the spot instead of standing still) (Fig. 3.1).

e Squatting to reduce blood pooling will effectively reduce OH temporarily
[30, 31].

* Elastic stockings and abdominal compression bands reduce venous pooling [32].

* Avoid straining during micturition and defaecation. For males: moving to a sit-
ting position for micturition. The use of prokinetic drugs to avoid constipation.

* Resting in morning and postprandial.

e Staged standing.

* Physical activity: carefully controlled and individualised exercise training
(swimming, aerobics, cycling, and walking if possible) often improves OH.

e Correction of anaemia.



3 The Diagnosis and Management of Cardiovascular Autonomic Dysfunction 45

Fig. 3.1 Counter manoeuvre showing recommended poses: the trace shows beat to beat blood
pressure recordings and consecutive changes after initiation of the counter manoeuvre: (a) leg
crossing, (b) squatting, (c¢) bending, (d) foot on the chair
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* Education of patients and carers on the mechanisms of OH.
* Black liquorice (3 g/day) (should not be used for a longer period due to potential
hormonal side effects) [33].

Pharmacologic Treatment

Non-pharmacological treatment should always be optimised before starting on
drugs. Strategies in pharmacological treatment are volume expansion, vasoconstric-
tion, or combination of the two [20].

symptomatic -«—— | Orthostatic hypotension® |—> asymptomatic®

Education Education
- short-term maneuvers to fight syncope - short-term maneuvers to fight syncope
- avoidance of aggravating factors - aggravating factors

- offer re-evaluation if symptoms occur

Non-pharmacologic treatment®

- check and omit suspicious medications if medically feasible

- increase salt and fluid intake

- waist-high custom-fitted compression stockings, abdominal bandages
- distribute small meals over time

- water drinking before morning raise, during the day, before meals

- limit morning and post-meal activities

- consider night-time head-up tilt®

14

Continued symptoms

* Symptom relief —————— > | Supine hypertension?
—> | Supine hypertension? yes/ \rx)
no/ Nis night-time head-up tilt® no treatment necessary
short-acting drugs® night-time head-up tilt® *
or and ———>  Supine hypertension persistant?
long-acting drugs”® short-acting drugs® yes no
—, Risk-benefit evaluation® |

poiie/ ——agathe
night-time antihypertensives" no further

treatment necessary

Printed with permission Schroeder et al. [34]

Volume expansion

e Fludrocortisone (0.1-0.3 mg/day) [19, 20, 35, 36]
e Desmopressin nasal spray (540 pg), orally (100-800 pg) or intramuscularly
(24 pg) [37]

Vasoconstriction

e Midodrine (2.5-10 mg tds) [20, 23, 35]
e Pyridostigmine (60 mg tds) [35, 38]
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e Ephedrine (25-50 mg tds) [23]

e Pseudoephedrine (30 mg qid) [23]

e Octreotide (12.5-25 pg, subcutaneous) — for postprandial hypotension — contra-
indicated in diabetic patients [19, 39, 40]

* Droxidopa (L-DOPS) (100-600 mg tds) — presently only licenced in the USA
and Japan [41-43]

Combination therapy

e Fludrocortisone (0.1-0.3 mg/day) and Midodrine (5-10 mg tds)
e Midodrine (5-10 mg) or Pseudoephedrine (30 mg) and water bolus

Other agents previously tried are:

e Yohimbine [19]

* Dihydroergotamine [44]
e Domperidone [19]

e Korodin [45]

* Atomoxetine [3]

3.2.1.2 Postprandial Hypotension (PPH)

Definition
Postprandial hypotension (PPH) was first described by Seyer-Hansen in a patient
with severe Parkinson’s disease in 1977 [46]. PPH is by definition a decrease in
systolic blood pressure of >20 mm Hg or a decrease below 90 mm Hg from a pres-
sure of >100 mm Hg within 2 h after a meal [39]. PPH can be detected by either a
24-h blood pressure profile or testing in the autonomic laboratory.

Studies have shown a prevalence of PPH in institutionalised elderly persons
ranging from 25% to 67% [20, 47]. Patients with PAF, Parkinson’s disease, MSA,
postprandial syncope, diabetes, and SCI are also prone to PPH [39].

Risk Factors for Postprandial Hypotension [47]
e Medications
— Polypharmacy (>3 medications)
— Diuretics
* Meals
— Carbohydrate-rich meals
— Breakfast
— Hot meals
— Alcohol
e Comorbid conditions
— Diabetes mellitus
— Autonomic dysfunction
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Parkinson’s disease

— Hypertension

End-stage renal disease on haemodialysis
Fragile X mutation

Treatment of PPH

Non-pharmacological Management [48]

e Drink water before meals.

» Eat frequently, smaller meals.

* Assume a recumbent or sitting position after a meal.
* Avoid large meals.

* Avoid alcohol before and after meal.

* Dietary modification, reduce refined carbohydrates.
e Water with the meal.

*  Wear abdominal binders.

Pharmacological Management [26, 49]
» Caffeine 250 mg (two cups) either 30 min before the meal or by the end of the meal.
* Midodrine 10 mg with meal.
e Octreotide 25-50 pg subcutaneous 30 min before meal.
e «a-Glucosidase inhibitor
— Acarbose 25-100 mg tds [40].
— Voglibose 0.2-0.5 mg tds [50].
e Guar gum 9 g [40].

3.2.1.3 Exercise-Induced Hypotension (EIH) and Post-exercise
Hypotension (PEH)

Definition

Exercise-induced hypotension was first reported in autonomic failure patients
cycling in supine position in 1961 by Shepherd and colleagues in a group of patients
who performed supine cycling exercise [51].

Exercise-induced hypotension (EIH) is defined as a >10 mmHg fall in systolic
blood pressure during exercise due to fall in total peripheral resistance [52].
Impairment of sympathetic vasoconstriction in autonomic failure has been docu-
mented as systemic vascular resistance falls substantially in the patients during exer-
cise [53]. EIH can be a significant symptom in patients with PAF, MSA, and SCI. The
severity of EIH seems to be higher during dynamic relative to static exercise [52].

Post-exercise hypotension (PEH) is defined as a reduction in systolic and/or
diastolic arterial blood pressure (i.e. reduction in mean arterial pressure) below
control levels after a single bout of exercise for approximately 1-3 h [54]. PEH
has been well documented in humans with both borderline hypertension and
hypertension [55], with diabetes [56], in healthy endurance training athletes [57],
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and in SCI [58]. Data suggest that PEH may also occur after resistance exercise
[55]. Studies have suggested that a reflex similar to the Bezold—Jarisch reflex is
the final pathway triggering the vasovagal reaction in exercise-induced neurally
mediated syncope [53]. The Bezold—-Jarisch reflex is a triad of responses (apnoea,
bradycardia, and hypotension) and depends on intact vagal nerves and is mediated
through cranial part of medullary centres controlling respiration, heart rate, and
vasomotor tone [59].

Treatment of EIH and PEH

Non-pharmacological Measurements

e Adequate hydration prior to exercise.

* Avoiding food intake for several hours before exercise to prevent postprandial
hypotension.

e Increased daily salt intake [60].

* Prevention of dehydration after exercise by oral water intake during exercise [61].

*  Muscle tensing [60].

* Use of abdominal compression/binders and lower limb elastic stockings [60].

* Mild physical exercise/activity [60].

* Reducing risk factors by exercise training in the supine position (Swimming,
rowing) [22, 52].

Pharmacological Measurements

Unfortunately there are limitations to pharmacological treatment in exercise-
induced hypotension [52]. Both octreotide and midodrine did not show any effect
on exercise-induced hypotension in studies; however, the increase in blood pressure
overall may be beneficial in reducing fatigue [62].

In a small study with four patients with SCI (C6-C8), treatment with 10 mg
Midodrine was associated with elevated systolic blood pressure during peak exer-
cise in three participants. Two participants showed a concurrent decrease in per-
ceived exertion and increase in oxygen consumption, suggestive of some benefit
from Midodrine on EIH in SCI [63].

3.2.1.4 Supine Hypertension

Supine hypertension is a common finding in autonomic failure and complicates the
treatment of the OH [64]. Supine hypertension can worsen OH and predispose to
end-organ damage [65], resulting from medication and/or being part of the disease,
especially in PAF.

Supine hypertension, defined as a systolic blood pressure >140 mm Hg or
diastolic blood pressure >90 mm Hg, is present in one half of patients with
severe autonomic failure, despite normal seated and low upright blood pressures
[64, 66].

Nocturnal hypertension is defined as night-time BP means >120/70 mm Hg
(fixed cut-off limits) [67]. A 24-h ambulatory BP monitor is needed to screen for
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nocturnal hypertension and missing dipping and may be very useful before and if
needed after starting a new therapy [68].

Ways to Counteract Supine Hypertension [65]

* Avoid supine position during daytime.

» Patients can sit in a reclining chair with feet on the floor when rest is needed.

e Avoid pressor medications after 16.00 h.

¢ Elevate the bed head (20-30 cm).

» Have a snack just before going to bed (inducing postprandial hypotension).

e If Fludrocortisone is used, this may worsen the supine hypertension. Changing to
a short-acting pressor agent (e.g. Midodrine, Droxidopa, etc.) may sometimes be
of help.

Avoid over-the-counter medications that increase blood pressure such as nasal
decongestants or eye drops containing sympathomimetics and non-steroidal
anti-inflammatory agents (indomethacin and ibuprofen).

Pharmacological Interventions (Single Dose Given at Bedtime)

e Losartan (angiotensin I receptor blocker), 50 mg at bedtime [70].

e Transdermal nitroglycerin, 0.05-0.2 mg/h only during night [3].

e Hydralazine, 50 mg [3].

* Short-acting nifedipine, 30 mg [3].

* Clonidine 0.1 mg early in the evening — Clonidine has a long half-life which may
exacerbate morning OH [3].

e Sildenafil, 25 mg [3].

* Minoxidil, 2.5 mg [3].

3.2.2 Syncope

Syncope is defined as transient loss of consciousness due to global cerebral hypo-
perfusion. It is characterised by rapid onset, brief duration of loss of consciousness
with spontaneous, and full recovery [9].

Syncope is a common medical problem, with a frequency between 15% and 39%
[70]. In the general population, the annual number episodes are 18.1-39.7 per 1000
patients, with similar incidence between genders. The first report of the incidence of
syncope is 6.2 per 1000 person-years [9], with a significant increased incidence
after 70 years of age [70]. Syncope is responsible for 3-5% of emergency depart-
ment visits [70].

The prognosis depends on the diagnosis [71]. If the patient has a structural heart
disease or primary cardiac disease, there is an increased incidence of sudden death
and overall mortality. If the syncope is caused by orthostatic hypotension, it is asso-
ciated with a twofold increase in mortality, while young patients with neurally
mediated syncope have a very good prognosis [71].
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3.2.2.1 Classification

Causes of Syncope [72, 73]
Neurally mediated (vasovagal/reflex) syncope

(a) Vasodepressive

(b) Cardioinhibitory

(¢) Mixed

Situational syncope (vasovagal in nature)
e Cough and sneeze

*  Micturition (post-micturition)

* Post-exercise

* Postprandial

Gastrointestinal stimulation (swallow, defaecation, visceral pain)
Other (laughter, brass instrument playing, weightlifting)

e Post-ejaculation
Carotid sinus syncope
Orthostatic/postural syncope

(a) Autonomic failure

e Primary autonomic failure syndromes (i.e. pure autonomic failure, multiple
system atrophy, Parkinson’s disease with autonomic failure, dementia with

Lewy bodies)

e Secondary autonomic failure syndromes (i.e. diabetic neuropathy, amyloid

neuropathy)
¢ Post-exercise
* Postprandial
(b) Volume depletion
e Haemorrhage, diarrhoea, and Addison’s disease

Cardiac arrhythmias as primary cause

e Sinus node dysfunction (including bradycardia/tachycardia syndrome)

e Atrioventricular conduction system disease
» Paroxysmal supraventricular and ventricular tachycardias
e Inherited syndromes (i.e. long QT syndrome, Brugada syndrome)

» Implanted device (pacemaker, implantable cardioverter defibrillator) malfunction

* Drug-induced arrhythmias



52 E.M.Hagen and J. Navarro-Otano

Structural cardiac or cardiopulmonary disease

e Obstructive cardiac valvular disease

e Acute myocardial infarction/ischaemia

* Obstructive cardiomyopathy

e Atrial myxoma

e Acute aortic dissection

e Pericardial disease/tamponade

e Pulmonary embolus/pulmonary hypertension

Cerebrovascular

e Vascular steal syndromes
» Epilepsy with bradyarrhythmias/asystole (ictal asystole)

Non-cardiovascular/nonsyncopal causes of transient loss of consciousness

» Epileptic

* Non-epileptic (“sleep attacks™)

e Metabolic disorders (hypoglycaemia)

* Neuroendocrine disorders (pheochromocytoma, carcinoid)

* Drugs

* Psychogenic pseudo-syncope and psychogenic non-epileptic seizure
e Traumatic

3.2.2.2 Neurally Mediated Syncope (Vasovagal/Reflex)

Vasovagal syncope was first used by William Gowers in 1907, and Thomas
Lewin described the mechanism in 1932 [70]. The neurally mediated syncope,
known as neurocardiogenic or vasovagal syncope, is the most frequent, account-
ing for one third of the causes and reaching 66% of cases of syncope in emer-
gency units [70].

Neurally mediated syncope is characterised by periodic syncopal episodes with
normal autonomic function between episodes. Symptoms that trigger syncope
include orthostatic stress, prolonged standing, hot temperature, emotional stress,
pain, or sight of blood. During neurally mediated syncope, vasodilatation and bra-
dycardia occur simultaneously. The bradycardia is due to increased parasympathetic
(vagal) outflow to the sinus node of the heart. The decrease in blood pressure is due
to vasodilatation most likely by brainstem shut down of vascular sympathetic out-
flow, but the mechanism is not clear.

These reflex bradycardia and hypotension are similar to the response evoked by
the Bezold—Jarisch reflex. The characteristic pre-syncopal symptoms are weakness,
light-headedness, feelings of warmth or cold, and eventual brief loss of conscious-
ness. Potential cardiac causes of syncope must be considered before making the
diagnosis. Spontaneous syncope is common, and in the absence of any underlying
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cardiovascular, neurologic, or other disease, an isolated vasovagal syncope may
represent a variation of normal. The persons are usually normotensive with normal
blood pressure regulation.

The diagnosis may sometimes be difficult to make. Situational syncope must be
excluded, as well as phobia syndromes or other organic causes. Tilt table testing has
good specificity but uncertain sensitivity in diagnosis and is not always reproduc-
ible. Implantable loop recorders, which store 45 min of retrospective electrocardio-
graphic data, may also be used and can be activated by patients after each syncopal
event.

Treatment of neurocardiogenic syncope is aimed at avoiding possible triggers.
Information and education of the patients with special emphasis on potential
predisposing factors and the recognition of prodromal symptoms are important.
Education about possible pre-syncopal symptoms can help avert a syncopal epi-
sode by assuming a seated or supine position when possible. Increased fluid and
salt intake may also help in avoiding the development of syncope and should
always be tried first. Other non-pharmacological measurements include lower
limb exercise, leg crossing, use of stockings, avoidance of triggers like heat,
standing still for a long period, etc. Exercise and tilt training have been
suggested.

In patient with the cardioinhibitory form, a dual-chamber pacemaker may be of
value; however, the pacemaker will not improve the vasodepressor component of
the syncope [74].

Pharmacotherapy includes p-blockers, which inhibit the activation of mechano-
receptors; Fludrocortisone, which expands central fluid volume via retention of
sodium; and vasoconstrictors and selective serotonin reuptake inhibitors (SSRI)
which may have a role in regulating sympathetic nervous system activity.

3.2.2.3 Carotid Sinus Syncope

Carotid sinus syndrome is associated with episodes of brief loss of consciousness,
drop attacks, and unexplained falls without prodromal symptoms, especially in
older males who often have cardiovascular disease [75]. It often occurs after neck
movements, such as looking up or going down the stairs.

Carotid sinus syndrome is defined by a symptomatic 3 s asystole and/or a
50 mmHg reduction in systolic blood pressure (SBP) in response to carotid sinus
massage (CSM) [76]. The syncope is caused by carotid sinus hypersensitivity
resulting from stimulation of carotid sinus baroreceptors located in the internal
carotid artery above the bifurcation of the common carotid artery. The presence of
asymptomatic asystole or drop in BP during the CSM is not a diagnosis of carotid
sinus hypersensitivity. CSM should be performed in the supine position and, if
negative, repeated with the patient in the upright position [77]. The sensitivity of
the CSM is increased by 31-52%, if it’s performed while the patient is tilted
60-70° upright [77].

Carotid sinus syndrome is present in 8.8% of patients with cardiac syncope of all
types. It represents 10% of unexplained syncope by the initial evaluation and 5%
after the final diagnosis [77], with a rightsided preponderance [77], with a
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right-sided preponderance. A study found that >70% of all the patients had a posi-
tive CSM on the right [75].

Treatment
Most patients can be treated with education, lifestyle changes, expectancy, and rou-
tine follow-up. If there are recurrent symptoms, the patient may need treatment.

Therapy can be divided into medical, surgical (carotid denervation), and
pacing.

Medical treatment includes anticholinergics which blunt the bradycardia,
Fludrocortisone, Ergotamine, Ephedrine to increase the blood pressure, and
[-blockers and serotonin reuptake inhibitors (SSRI) which decrease both peripheral
elements of the carotid sinus reflex [78].

Surgical denervation of the carotid sinus was previously used as treatment for
carotid sinus syncope since the 1950s but is now abandoned [78].

Cardiac pacing has emerged as the primary therapy for patients with cardioin-
hibitory syncope, but may have an effect in patients with carotid sinus syncope as
well [78, 79].

3.2.2.4 Situational Syncope

Situational syncope is diagnosed if syncope occurs during or immediately after uri-
nation, defaecation, cough, or swallowing [73, 80]. The precipitating causes are not
always clear. Many of the incidents are related to the loss of intrathoracic pressure
leading to syncope or Valsalva-like manoeuvres. A typical profile of the cough syn-
cope patient based on the literature is that of a middle-aged, large-framed, or over-
weight male with obstructive airways disease [81].

Treatment
Management includes reducing or preventing exposure to precipitating causes,
although these may be unclear. In some, especially those with phobias, behavioural
therapy is needed.

The defaecation syncope is due to raised intra-abdominal pressures and Valsalva-
type responses, and the use of abdominal binders may counteract this response [82].

3.2.3 Postural Tachycardia Syndrome (PoTS)

Postural tachycardia syndrome (PoTS) is primarily characterised by the develop-
ment of tachycardia and orthostatic symptoms, with postural changes in the absence
of significant hypotension.

PoTS as a condition was recognised by Rosen and Cryer in 1982 [62, 83] and
later in 1993 by Schondorf and Low [84]. The most important symptom is ortho-
static intolerance due to intermittent cardiovascular autonomic dysfunction [85].

The symptoms include palpitations, dizziness, and, in some patients, syncope,
usually upon standing, and may be exacerbated by modest exertion, food ingestion,
and heat.
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PoTS affects predominantly young females, 5:1 ratio over males, and most
patients are between 20 and 40 years of age [85]. There is a strong link to joint
hypermobility syndrome, also known as Ehlers—Danlos syndrome (EDS) type III or
Joint Hypermobility Syndrome. Symptoms may be brought on by infection, trauma,
surgery, or stress. Possible pathophysiological mechanisms include alterations in
neural control, humoral factors, vascular properties, and intravascular volume, as
well as physical deconditioning [85].

PoTS is not a unique entity but the common presentation of a number of different
causes. In addition, PoTS may be more subclassified as presented here. However,
for the purpose of this book to present autonomic diagnostics at bedside, this would
lead too far.

3.2.3.1 Frequent Reported Symptoms of PoTS [85]
* Dizziness and light-headedness

 Palpitations

* Visual disturbances

e Clumsiness

* Loss of consciousness

e Nausea

e Headache

* Pain (chest or upper abdomen)

e Shortness of breath

» Fatigue and lethargy

» Difficulty thinking or concentrating

» Psychiatric symptoms such as anxiety, panic attacks, and solitude

The symptoms are often relieved by lying flat.
Factors which may induce or worsen PoTS symptoms [85]

* Time of day (may be worse in the morning, especially on initial rising after
wakening)

* Speed of positional change

e Raised temperature (hot weather, hot bath)

e Dehydration

* Food ingestion

e Alcohol

e Physical exertion

e Menstrual period

* Deconditioning or prolonged recumbence

* Drugs that cause vasodilatation

For further remarks on history taking see Sects. 2.2.1.1 and 2.3.2
3.2.3.2 Diagnostic Criteria for PoTS

PoTS is defined by a symptomatic heart rate increment of >30 beats/min or more
within 10 minutes of standing or head-up tilt (HUT) in the absence of orthostatic
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hypotension; the standing heart rate is often 120 beats/min or higher [86]. For indi-
viduals aged 12-19 years, the required increment is >40 beats/min [86].

The excessive tachycardia during orthostatic stress seen in patient with PoTS is
a physiologic response that helps maintain arterial pressure during venous pooling.
Patients with PoTS also demonstrate excessive tachycardia during exercise, which
does not appear to be secondary to abnormal baroreflex regulation of the heart rate.
Orthostatic intolerance is potentiated after deconditioning (spaceflight or prolonged
bed rest).

Treatment

A multifactorial treatment strategy that includes pharmacological agents as well as
non-pharmacological measures and interventions is often required. The approach
should be pragmatic and holistic and focus on self-management. The patient should
be taught to recognise triggers and manage and prevent symptoms. Exercise train-
ing and improved physical conditioning is an important strategy for PoTS as well as
other deconditioned patients.

Non-pharmacological measurements to prevent hypotension and counteract
tachycardia are increased fluid and salt intake, lower limb exercise, counterpressure
manoeuvres, and the use of stockings. Gentle and gradual increasing core strength-
ening exercises like Pilates and swimming may be useful, especially for those with
a diagnosis of Ehlers—Danlos syndrome (EDS) type III.

Pharmacological treatment approaches for PoTS are similar to those used for ortho-
static hypotension, including Fludrocortisone, Ephedrine, and Midodrine, and low-dose
B-blockers or Ivabradine. Associated disorders, such as the joint hypermobility syn-
drome and pain, need to be addressed. With time many patients get less symptomatic.

3.3  How to Manage Cardiovascular Autonomic Dysfunction
and Disease?

Management depends on the underlying cause. After a review of a patient’s medica-
tions for drugs that may contribute to syncope, rehydration, correction of any meta-
bolic abnormality, and blood transfusion are appropriate first steps. Many
medications are implicated, and stopping these should be considered. Further man-
agement includes non-pharmacological and pharmacological treatments. Although
other medications have been studied, Fludrocortisone and Midodrine have accrued
the best evidence for efficacy.

3.3.1 Overview of Non-pharmacological Measures

3.3.1.1 Water and Salt

Water drinking elicits a large, acute, pressor response in patients with autonomic
failure who experience severe orthostatic hypotension [87]. Drinking water and
increasing salt intake increase plasma volume, which helps maintain blood pressure
upon standing.
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The increase in blood pressure is evident within 5 min after drinking water, reaches
a maximum after approximately 20-30 min, and is sustained for more than 60 min
[87]. The recommended daily intake of water is 1.5-2.0 L/day and of sodium chloride
is 6-10 g either incorporated into meals or taken as supplement tablets [88].

3.3.1.2 Orthostatic Training

The prescription of progressively prolonged periods of enforced upright posture
may reduce the recurrence of neurally mediated syncope [88, 89]. However the
patients need to be highly motivated when participating [90].

3.3.1.3 Counterpressure Manoeuvres
Counterpressure manoeuvres are simple ways to induce a significant blood pressure
increase to counteract orthostatic hypotension, neurally mediated syncope, and
PoTS [90, 88].

Countermeasures which are able to induce significant blood pressure increase include:

* Clenching the teeth

* Squeezing the buttocks

e Isometric hand grip and arm tensing

e Leg crossing on standing

* Gentle marching on the spot instead of standing still
e Squatting

3.3.1.4 Raising the Head of the Bed

Raising the head of the bed 10-20° activates the renin—angiotensin—aldosterone sys-
tem [88, 91] and decreases the nocturnal diuresis. Raising the head of the bed may
also reduce the supine hypertension that is prevalent in patients suffering from car-
diovascular autonomic dysfunction, either as a consequence of baroreceptor dener-
vation or as a side effect of treatment [92].

3.3.1.5 Compression Stockings

The rationale for compression therapy is to reduce venous pooling in the lower
extremities to promote venous return and cardiac output. The categories of com-
pression stockings include knee-length, thigh-length, full-length, and abdominal
compression. The current literature reports the use of waist-high stockings that
afford abdominal compression is needed to affect cardiovascular dynamics at the
onset of head-up tilt and may prevent OH [93].

Although compression stockings provide orthostatic relief, there may be difficul-
ties with compliance. Full-length compression stockings are uncomfortable and
may be a burden to put on and wear. If the patient is able to comply, compression
stockings should be incorporated in the treatment regimen for orthostatic hypoten-
sion. Ideally, abdominal compression should also be included because there is often
considerable pooling in the splanchnic circulation. Fanciulli et al. found an elastic
abdominal binder significantly reduced blood pressure fall upon tilting in OH
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associated with Parkinson’s disease (PD) [94]. In our experience, patients prefer
compression stockings that do not cover the feet.

3.3.2 Overview of Pharmacological Measurements

Pharmacological treatment should only be initiated when sufficient control can’t be
achieved by non-pharmacological measurements.

3.3.2.1 Fludrocortisone

Fludrocortisone acts as a systemic corticosteroid, increasing sensitivity to circulating
catecholamines. Fludrocortisone is the first-line pharmacological treatment of OH,
and it promotes a positive response in 40—75% of patients. It is also used as a first-line
treatment in PoTS. It has central adrenergic effects and increases arteriolar sensitivity
to catecholamine and angiotensin. The starting dose is 50 pg once daily, which is
increased by 25-50 pg every 1-2 weeks to alleviate symptoms without incurring side
effects.

The recommended dose is 100-300 pg/day, and it can take up to 5 days to see the
full effects.

Higher doses that elevate circulating epinephrine can cause hypokalaemia and
supine hypertension. Fludrocortisone is not recommended for patients with conges-
tive heart failure or chronic renal failure.

Side effects include hypertension, oedema, hypokalaemia, depression, and head-
ache. Electrolyte levels should be checked 1 week after starting Fludrocortisone and
a week after a dose change.

3.3.2.2 Midodrine

Midodrine, a peripheral selective alpha-l-adrenergic agonist, significantly
increases standing systolic blood pressure and improves symptoms in patients
with neurogenic OH [95] and is used as second-line therapy in OH and in selected
PoTS patients. Standing systolic blood pressure is elevated by approximately
15-30 mm Hg at 1 h after 10 mg dose, with some effect persisting for 2-3 h.
Midodrine has no clinically significant effect on standing or supine pulse rates in
patients with autonomic failure. It can be used as a fludrocortisone-sparing agent.

Midodrine acts as a pressor agent both on venous and arterial constrictions and
is effective 1 h after ingestion. The recommended dose (typically given in the morn-
ing, noon, and afternoon to avoid supine hypertension in the evening) is up to 10 mg
three times daily; each dose typically lasts for 4 h, consistent with blood levels of
the active metabolite desglymidodrine. The initial usual dose is 2.5 mg three times
daily, with a slow and progressive increment as needed.

The major adverse effect is supine hypertension. This adverse reaction can be
minimised by taking it half an hour before standing up in the morning and avoiding
becoming supine 4 h after each dose. Other reported adverse effects include pilo-
erection, scalp pruritus, tingling, and urinary retention/urgency [96].
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Midodrine is contraindicated during pregnancy and breastfeeding. Women in
fertile age should be explained this contraindication prior to be started on it.

Increased central serotoninergic activity has been suggested to play a role in sudden
inhibition of sympathetic activity, potentially precipitating neurally mediated syncope,
especially in patients resistant to or intolerant of previous traditional therapies [97].

3.3.2.3 Ephedrine

Ephedrine has adrenergic effects on the circulation and increases the mean heart
rate as well as the systolic and, slightly, diastolic arterial blood pressure [98].
Adverse effects are hypertension and thrombosis [96]. Recommended dosage is
15 mg three times daily.

3.3.2.4 Octreotide
Octreotide is a somatostatin analogue which attenuates the pancreatic and gastroin-
testinal hormone response to food ingestion [92].

It reduces the postprandial blood pressure fall and the orthostatic hypotension in
patients with autonomic failure by local effect on splanchnic vasculature via inhibit-
ing the release of vasoactive gastrointestinal peptides [92]. Adverse effects are diar-
rhoea, nausea, and abdominal cramps which limit the use [96]. Subcutaneous doses
of octreotide range from 25 to 200 pg. It has been used in PoTS patients who are
refractory to other treatments with some success.

Octreotide is contraindicated in pregnancy.

3.3.2.5 Erythropoietin
Erythropoietin increases standing blood pressure and improves orthostatic tolerance
in patients with OH. It also corrects the normochromic normocytic anaemia that
frequently accompanies patients with autonomic failure [92]. Erythropoietin is not
effective in the treatment of PoTS [99]. The mechanism of the pressor effect of this
agent is unknown.

Adpverse effects are supine hypertension and thrombosis [92, 96].

3.3.2.6 Droxidopa

Droxidopa (L-threo-dihydroxyphenylserine (DOPS)) is a synthetic prodrug that is
converted into norepinephrine by the ubiquitous enzyme dopa decarboxylase.
Droxidopa decreases postural drop in patients with orthostatic hypotension and
reduces orthostatic symptoms [100].

Reported adverse effects are malignant neuroleptic syndrome, hypertension, and
headache [96]. DOPS (200—400 mg daily) reduces OH with only minor side effects.
It is an effective treatment in dopamine B-hydroxylase deficiency. Droxidopa is
presently only licenced in the USA, Japan, and surrounding Asian areas.

3.3.2.7 Pyridostigmine
Pyridostigmine is a peripheral cholinesterase inhibitor that potentiates cholinergic
transmission when the autonomic ganglia have already been engaged. It can cause
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a mild increase in standing blood pressure without significantly increasing supine
blood pressure. Administering pyridostigmine as needed may improve orthostatic
hypotension without contributing to supine hypertension. Adverse effects are cho-
linergic, including diarrhoea, excessive sweating, and sialorrhoea [38].

The usual initial dose is 30 mg twice daily, which can be increased as tolerated
up to 90 mg three times daily.

3.3.2.8 Domperidone

While dopamine agonists are widely used to manage Parkinson’s symptoms, one major
side effect is acute orthostatic hypotension after starting the treatment. Domperidone is
a peripheral dopamine D2 receptor antagonist that is effective in treating acute ortho-
static hypotension induced by dopamine agonists [101]. Adverse effects are worsening
of Parkinson’s motor symptoms and hyperprolactinaemia [96]. Domperidone is con-
traindicated in patients with underlying cardiac conditions because its use increases the
risk of prolonged QT syndrome. Prolonged use is not recommended.

3.3.2.9 Yohimbine

Yohimbine is a centrally and peripherally active selective a2-adrenoreceptor
antagonist that increases sympathetic nervous system efferent output [36].
Adverse effects are anxiety, tremor, palpitations, diarrhoea, and supine hyperten-
sion [96, 102]. Yohimbine increases norepinephrine spill-over from sympathetic
nerve endings, leading to a normal increase in plasma norepinephrine levels in
control subjects and in patients with MSA, but not in PD patients with OH and
autonomic failure.

3.3.2.10 Atomoxetine
Atomoxetine is a norepinephrine transporter blocker thereby increasing synaptic
norepinephrine concentration. It increases blood pressure in autonomic failure
patients with residual sympathetic activity the first hour after its administration,
although its use has not been tested at long term [103]. Adverse effects are nausea,
dry mouth, appetite loss, insomnia, fatigue, headache, and cough. It is not licenced
for use in OH either in the USA or Europe.

Co-administering Yohimbine with Atomoxetine can then enhance the pressor
effect of Atomoxetine by potentiating the activity of the remaining sympathetic
efferent fibres.

3.3.2.11 p-Blockers

B1-Selective (cardioselective) adrenoceptor blockers inhibits the activation of
mechanoreceptor, leading to a reduction in both resting heart rate and exercise
heart rate and decrease in blood pressure. 3-Blockers have been used as therapy for
neurally mediated syncope [90]. However p-blocker therapy might often worsen
PoTS or reflex syncope considerably [90]. Adverse effects are cold hands and
feet, tiredness, depression, impotence, vivid dreams, nightmares, and other sleep
disturbances.
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Take Home Messages

e OH is defined as fall in BP within 3 min of active standing or on head-up tilt.
It is related to a shorter life expectancy.

e OH is often seen in primary neurodegenerative disorders (PAF, MSA, and
PD) and other medical conditions (diabetes mellitus, dehydration) and due to
vasoactive and also non-vasoactive drugs.

e Syncope is the most common autonomic cardiovascular disorder, mainly
benign when there is no an underlying cardiac disease.

* Carotid sinus hypersensitivity should be suspected when the syncope is not
preceded by typical warning symptoms, in elderly patients, and when the
symptomatic episodes are related to neck movements.

e PoTS is common in young women, defined as a symptomatic excessive
increase in heart rate (more than 30 beats per minute) during the first 10 min
of standing or head-up tilt.

e Nocturnal hypertension can be seen due to the natural progression of the
underlying disease or as a side effect of drug treatment.

e Individually tailored therapy is important in order to improve the patient’s
functional capacity and quality of life and preventing injury.

¢ Management includes education, advice, and training on various factors that
influence blood pressure and special aspects that have to be avoided (foods,
habits, positions, and drugs).

e Countermeasures including leg crossing, squatting, elastic abdominal bind-
ers, and stockings are useful.

* Both OH, syncope, and PoTS benefit from careful exercise.

* Increased water (1.5-2 1/day) and salt ingestion (6—10 g or 150 mmol/day).

e Always start with non-pharmacological measurements.

e First line drug of choice is Fludrocortisone. Sympathomimetics, such as
Midodrine is second line.
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4.1 Case Vignette

It all started at the age of 43 years. I noticed increased sweating, interestingly
mainly on my trunk. When I had to talk to people, I felt embarrassed about my wet
shirt. In my work as a farmer in an alpine area, I did not care too much about it.
However, in summer time, it occurred more and more often, that I felt dizzy during
hot weather. Over the years sweating increased tremendously and my shirts were
always soaked wet. The skin area, that did sweat, however diminished and was
lately only an area of about 45 cm of diameter at my chest and back. The winter
times in the alps are rough and when it got cold, I felt totally well. In summer time
however, dizziness at work and sweating got worse. I went to a hospital and was
treated with stellatum blockade. That did in fact stop my sweating but dizziness in
the heat exaggerated and I could not work anymore, also at moderate temperatures.
So I had to stop my work.

During last summer I had to go to my house and lie down on the kitchen
floor. The tiles were pleasantly cool and my dizziness ceased as my body tem-
perature went down. I am worried, because nobody can tell me, what’s going
on with me.

The patient was seen by a neurologist who noted bilateral pupillotonia and gen-
eralised and symmetric hyporeflexia, and a Ross syndrome was diagnosed [8].

4.2 Sweating

Sweating is caused by two different mechanisms: thermoregulation to dissipate heat
and emotional sweating. Sweating disorders have to be regarded as severe burden
for the patient and eventual medical risk. Excessive sweating is a social problem and
mounts into occupational restriction and/or social avoidance behaviour. However,
loss of sweating eventually leads to exhaustion, heat stroke or death.

Disorders of sweating (hypo- or hyperhidrosis) can be focal or generalised and
appear quite frequently in ANS failure. Evaluation of sudomotor function can
provide early diagnosis of small fibre neuropathy [3], particularly in early diabe-
tes mellitus, and is used to provide a measure of cholinergic sympathetic
function.

Abnormal sweating results from a wide variety of medications that affect the
sympathetic nervous system, the thermoregulatory network or the sweat glands.
Furthermore, it may result from sleep-stage disturbances, autonomic nervous sys-
tem disorders, medullary and spinal cord abnormalities, reduction in serum osmo-
lality or abnormalities of osmoreceptor function, hypercapnia, disorders of
hormone secretion (hypothyroidism, postmenopausal syndrome, cortisol) and
direct sweat gland stimulation by pressure, heat, trauma or toxins. The key to suc-
cessful diagnosis of sweating disorders is to differentiate whether the patient suf-
fers hypohidrosis or hyperhidrosis and whether the disorder is focal or
generalised.
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4.3  Patient’s History

In patients, who suffer from sweating disorders, the first approach is to interrogate
the subjective disease burden. This will provide the physician with a hint on how
extensive clinical investigations and therapeutic interventions need to be.

As mentioned above, the first diagnostic key is whether the dysfunction is focal or
generalised. In increased and generalised sweating (i.e. observed on the complete
body surface), the patient is suffering hyperhidrosis. The same is true if sweating is
absent and generalised. It becomes tricky in increased focal sweating. Does the patient
suffer focal hyperhidrosis, or — as in our case vignette — does he suffer compensatory
sweating? And in fact the clinical correlate is hypohidrosis in all other regions.

Patients often complain of excessive sweating in warm environment and in emo-
tional or stressful situations (generalised, in certain body regions, or focal), heat
intolerance, fatigue and exercise intolerance. Gustatory sweating is a normal phe-
nomenon in most people eating heavily spiced foods and occurs bilaterally focused
on scalp and face areas. Unilateral occurrence in contrast is pathologic and may not
depend on the type of food. It occurs after parotid surgery and post-traumatic mis-
innervation of parasympathetic fibres in efferent sympathetic postganglionic neu-
rons innervating sweat glands and blood vessels.

Current medication (Table 4.1) and illnesses (thyroid, gastro-oesophageal reflux,
tuberculosis, heart failure, chronic pain, malignancies) have to be interrogated as
they may influence sweating. Acute or chronic alcohol and drug intake or with-
drawal have a significant effect on sweating.

Table 4.1 Drug-induced hyperhidrosis

Drug class Common examples | Mechanism
Anticholinesterases Pyridostigmine Cholinesterase inhibition
Antidepressants: selective Citalopram Serotonergic effect on the
serotonin reuptake inhibitors hypothalamus or spinal cord
Duloxetine
Escitalopram
Fluoxetine
Fluvoxamine
Mirtazapine
Paroxetine
Trazodone
Venlafaxine
Antidepressants: tricyclics Anmitriptyline Norepinephrine reuptake inhibition
with stimulation of peripheral
adrenergic receptors
Desipramine
Doxepin
Imipramine
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Table 4.1 (continued)

Drug class Common examples | Mechanism
Nortriptyline
Protriptyline
Antiglaucoma agents Physostigmine Physostigmine = cholinesterase
inhibition
Pilocarpine Pilocarpine = muscarinic receptor
agonism
Bladder stimulants Bethanechol Muscarinic receptor agonism
Opioids Fentanyl Histamine release
Hydrocodone
Methadone
Morphine
Oxycodone
Sialogogues Cevimeline Muscarinic receptor agonism
Pilocarpine

From Cheshire and Freeman [13]; Cheshire and Fealey [12]

Table 4.2 Questions that

Do you sweat in the feet? Are your socks drenched after sports?
may help

Do you sweat in intimate area?

Is there excessive sweating in your armpits?

Did you let things fall down because of sweating in your hands?

Do you feel embarrassed when shaking hands because of sweat
sometimes?

Important questions comprise duration of the disorder, diseases and conditions
before onset, progression to other body regions, areas of increased or decreased
sweating, symmetry, triggers (increased ambient temperature, physical activity,
stress), diurnal sweating and comparison to sweating before the onset of disease.
Night sweat can be a real distressing symptom with many different reasons. To inves-
tigate if the disorder occurs isolated or as part of a generalised autonomic dysfunc-
tion, the other autonomic subsystems should be interrogated (s. Chap. 2). The diligent
interrogation of a patient suspected of autonomic dysfunction occasionally reveals
the phenomenon of gustatory sweating, that is, profuse sweating associated with the
ingestion of food. In Table 4.2, we have listed some questions that may help.

For physiology see Sect. 1.2.2, for history taking see Sect. 2.2.2.1.

4.4 Physical Examination

Complete physical and neurological examinations are mandatory, looking for signs
of PNP, myelopathy or Horner’s syndrome, plexus brachialis lesion, brain stem
affection and/or central lesions. To investigate focal sweating dysfunction at
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bedside, it is valuable to investigate the patient undressed in a quiet room with
comfortable ambient temperature and watch for sweat droplets and areas of skin
discoloration. Hairiness and tropical changes of the skin and nails hint to periph-
eral nerve involvement. Distribution of sweat droplets shall be documented, par-
ticularly in regions of increased sweating: the face, dorsal neck, axillae, palms and
soles and inguinal region. Measurement of skin temperature in different body
regions, lateralisation and distal versus proximal distribution by infrared surface
method are recommended. The investigator feels changes in skin moisture and
texture by touching. It is notable if there are obvious sweat stains on the clothing.
For total absence of sweating, patients should be observed in hot environment, the
absence of sweating in isolated areas or restriction of profuse sweating to the upper
body, while sweating in the lower body areas is absent (may hint at ANP in diabe-
tes mellitus). Documentation by a standardised sketch or photography may help for
follow-up.

4.5 Horner's Syndrome

Horner’s syndrome (HS) is a central or peripheral sympathetic denervation of the
eye. Denervation of the M. tarsalis superior results in ptosis; sympathetic denerva-
tion of the inner eye results in parasympathetic predominance causing myosis. HS
is best diagnosed in a darkened room. HS is placed in this chapter, because depend-
ing on the location of the sympathetic lesion, hypohidrosis occurs to the skin of the
forehead/face or ipsilateral arm (Fig. 4.1). Enophthalmus is considered part of the
trias. However, enophthalmus per se is only rarely present, being mimicked by pto-
sis. Therefore a more correct description of HS is:

1. Ptosis
2. Myosis
3. Hypohidrosis

HS is an important hint that — accompanied by other signs — may already help to
establish the diagnosis. Clinical evaluation is mandatory along the route of the sym-
pathetic fibres guided by clinical presentation (Fig. 4.1).

HS is also one of the leading signs of harlequin syndrome. It is in fact the name
of two very different conditions. Here we describe the harlequin syndrome caused
by sympathetic lesion; the other condition with this very same name is a skin disor-
der of congenital ichthyosis.

The name is derived from loss of flushing on one side of the face by ipsilateral
sympathetic lesion, which prevents sympathetic facial vasodilatation and sweating.
The site of the lesion might as well be identified by Fig. 4.1. In rare cases, symptoms
of harlequin syndrome are seen in Adie’s syndrome (tonic pupils with hyporeflexia)
or Ross syndrome (tonic pupils with hyporeflexia and segmental anhidrosis). The
latter two are usually accompanied with a more widespread involvement of the
autonomic nervous system.
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Specific laboratory work-up is necessary only in rare cases and laboratory tests are
not widely available [7]. Diagnosis of patients suffering sweating dysfunctions
should not depend on the presence of a specialised autonomic laboratory Table 4.1.

4.6.1 Generalised Hyperhidrosis

A carefully taken history should already reveal the generalised character of sweat-
ing. In many cases, the patient will tell that “his whole body is soaked wet all the
time”. It can be time consuming to find out if increased sweating always affects the
whole body or only specific areas. What are the exact circumstances and situations
when profuse sweating occurs (physical activity, emotional stress, hot environment,
night sweat)? How was sweating before the patient noticed the changes, and was
there increased focal sweating before? Concomitant diseases, medication and drug
abuse have to be evaluated carefully. According to the obtained information, further
diagnostic work-up and management have to be planned.

4.6.2 Generalised Hypohidrosis

This is a rare and sometimes life-threatening condition, because of hyperthermia or
heat-related illness, as body core temperature homeostasis cannot be maintained.
Most patients remain unaware of hypohidrosis and may report on heat intolerance
with dizziness, vertigo, dyspnoea and even fainting. It has to be differentiated if the
condition increased gradually, maybe as a severe form of progressive hypohidrosis
beginning in the extremities, or if it had sudden onset. In the latter case, drugs may
play a causal role including antimuscarinic anticholinergic agents, carbonic anhy-
drase inhibitors and tricyclic antidepressants [12]. These drugs are quite often found
to cause sudomotor side effects in elderly patients. Other neurological side effects
such as overactive bladder, neuropathic pain, irritable bowel syndrome, reactive air-
way disease, Parkinson’s disease, dizziness, depression, nausea and headache may
contribute to heat-associated illness in this population (for a detailed description of
the route of action of different drugs, see Cheshire and Fealey [12]). Further factors
include decline in sweating responses with ageing and fluid restriction. As acetylcho-
line is the principal neurocrine mediator, anhidrosis is one of the clinical hallmarks
by which acute anticholinergic toxicity may be recognised. The symptom of dry-
mouth often accompanies the less apparent symptom of hypohidrosis. In any case,
drug screening may be valuable including a drug history, eventually also drug abuse.

4.6.3 Focal Distal Symmetric Hyperhidrosis
This disorder may be easily interrogated from patients. In many cases, focal distal

symmetric hyperhidrosis occurs in the course of some other neurological disorders.
Chronic alcoholic patients often present with hyperhidrosis in the feet and
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sometimes palms [10]. Some of these patients will report on soaked socks. If no
other cause for a secondary hyperhidrosis is known, diagnostic management will
proceed as delineated in primary hyperhidrosis. Distal hyperhidrosis as generalised
hyperhidrosis may cause severe social embarrassment leading to avoidance behav-
iour. Secondary social and psychological consequences of the disease increase dis-
ease burden. Even more, especially plantar hyperhidrosis is eventually causing
bromhidrosis (foul-smelling sweat), infection and secondary skin lesions.

4.6.4 Focal Distal Asymmetric or Trunk Hyperhidrosis

This particular form of sweat disorder is often the presentation of a partial hypo- or
anhidrosis with compensatory sweating in the preserved body areas. For example,
compensatory sweating may be observed in the upper body or trunk and facial
region, due to reduced sweating in extremities. However, patients will much more
likely notice the sweating than the hypohidrotic areas. In these cases, the distribu-
tion and degree of sweat disturbance have to be evaluated carefully and documented
for follow-up investigations. To screen for a secondary sweating disorder, other neu-
rological signs are providing valuable hints.

4.6.5 Secondary Hyperhidrosis

Spinal cord injury causing autonomic dysreflexia frequently induces secondary
hyperhidrosis, which can occur years after the injury. A number of drugs induce
hyperhidrosis (see Table 4.1). Biochemical agents including chemical warfare and
pesticides are a rare but not neglectable cause. In addition, other conditions, e.g.
hypoglycaemia, anxiety and menopause, induce hyperhidrosis.

Paroxysmal sweating: Neurologic diseases including diencephalic epilepsy, pon-
tine ischaemia and carcinoid syndrome lead to episodes of sweating. Endocrinologic
causes for paroxysmal sweating are thyrotoxicosis, which might well respond to
beta-blocker and diabetes mellitus. In pheochromocytoma, excess catecholamines
lead to recurrent sweating episodes.

4.6.6 Night Sweats

Night sweats are symptoms commonly linked to menopause, tuberculosis and lym-
phoma. However, night sweats are often reported by persons without these condi-
tions. Other important differential diagnoses include human immunodeficiency,
infectious diseases, endocarditis, gastro-oesophageal reflux disease (GORD)), sleep-
associated breathing disorders (obstructive and central sleep apnoea syndromes and
nocturnal hypercapnia in neuromuscular patients with respiratory failure, as
observed by one of the authors), hyperthyroidism, hypoglycaemia, later stages of
PD, MSA, depression and anxiety disorders (C: medication induced!). A more com-
plete list is presented in Table 4.3. Alcohol use, particularly alcohol dependency and



4 Sweating Disorders

75

Table 4.3 Causes of night sweats

Malignancy

Lymphoma

Leukaemia

Other neoplasms

Infections

Human immunodeficiency virus

Tuberculosis

Mycobacterium avium complex

Infectious mononucleosis

Fungal infections (histoplasmosis,
coccidioidomycosis)

Lung abscess 2

Endocarditis

Other infections

Endocrine

Ovarian failure

Hyperthyroidism

Diabetes mellitus (nocturnal hypoglycaemia)

Endocrine tumours (pheochromocytoma, carcinoid
tumour)

Orchiectomy

Rheumatologic

Takayasu’s arteritis

Temporal arteritis

Others

Obstructive sleep apnoea

Gastro-oesophageal reflux disease

Chronic fatigue syndrome

Granulomatous disease

Chronic eosinophilic pneumonia

Lymph node hyperplasia

Diabetes insipidus

Prinzmetal’s angina

Anxiety

Depression

Pregnancy

Drugs

Antipyretics (salicylates,
acetaminophen)

Antihypertensives

Phenothiazines

Substances of abuse

Alcohol, heroin

Over-bundling

Autonomic overactivity

Modified from Viera et al. [15]
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acute withdrawal, may cause night sweats. Overall, the prevalence estimates ranged
from 10% among older primary care patients to 60% among women on an obstetric
inpatient unit [9]. However, some individuals may be less tolerant of either sweat or
its cooling effect or anxious about symptoms, like night sweats, that might indicate
illness [9].

Management After exclusion of all treatable disorders as causative factors,
patients should be assured of the benign character of the disorder, and possible
behavioural and environmental measures can be discussed that may help to relief
their bothersome symptoms. Alpha-adrenergic blockers may reduce night sweats in
patients taking serotonin reuptake inhibitors.

4.6.7 Differentiating Hyperhidrosis from Hypohidrosis
with Compensatory Sweating

It may be tricky to differentiate compensatory hyperhidrosis from primary focal
hyperhidrosis. Compensatory hyperhidrosis — as mentioned above — occurs in the
skin areas, which are less affected in those patients who have severe hypohidrosis in
a wide area of their bodies, which might be unnoticed by the patient. There are a
number of techniques to investigate the function of the sweat glands (QSART,
TRST) or epiphenomena of sweating (e.g. SSR); however, if those are not available,
it might be helpful to wrap the patient into a white blanket in an environment of
increased temperature, eventually having the patient drink hot tea. Areas which do
not sweat will leave no stains on the blanket.

4.6.8 Sweating Disorders Associated with Other Diseases

Sweating disturbances are common (64%) and distressing symptoms in PD
that are related mainly to autonomic dysfunction, off periods and dyskinesias
[16]. Hyperhidrosis may occur in association with wearing-off phenomena.
Compensatory hyperhidrosis may be observed in the upper body, due to reduced
sweating in extremities (unlike MSA). PD is characterised by a length-dependent
involvement of postganglionic sudomotor fibres, whereas MSA is characterised by
widespread, early and preganglionic autonomic failure. In diabetic ANS, length-
dependent hypohidrosis may be observed, thus beginning in the soles and palms.
Also gustatory sweating may occur in PD patients.

4.7 Laboratory Investigations

Laboratory tests can assess central and peripheral sudomotor function, as the ther-
moregulatory sweat test (TST, [1]), or postganglionic function alone, the quantita-
tive axon reflex test (QSART, [4]), the sympathetic skin response test (SSRT), the
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quantitative direct and indirect axon reflex test (QDIRT, [2]) and the dynamic sweat
test (DST, [5]) [6].

TST The test is performed in a temperature- and humidity-controlled chamber (45—
50 °C). The whole body is covered with an indicator dye and the changes in colour
due to sweat production are documented. Asymmetric patterns due to focal anhidrosis
or stocking and glove distributions in length-dependent neuropathy may be observed.

QSART This test measures postganglionic axon reflex-mediated sweat production
in a small restricted area of the skin. A multicompartmental sweat capsule is used to
stimulate sweat glands by iontophoresis of acetylcholine. A first, direct sweat
response in the area of iontophoresis is discriminated from the indirect, axon reflex-
mediated response in the surrounding area (e.g. see [3] for details). See Fig. 1.4 for
a schematic sketch on how this test works.

SIT The test evaluates postganglionic sympathetic cholinergic sudomotor function
by measuring the direct and axon reflex-mediated sweat response. Sweat glands are
stimulated by iontophoresis of acetylcholine, pilocarpine or methacholine, followed
by application of a thin layer of mouldable material on the skin. Sweat droplets
displace the silicone material during polymerisation resulting in permanent impres-
sions that can be quantified by various methods. A number of droplets, size and
distribution are reported.

QDIRT and DST These methods quantify sudomotor function with spatial and
temporal resolution. They combine the stimulation of sweat glands and sudomotor
axons by iontophoresis of a cholinergic agonist into the skin with the colour change
of an indicator as sweat pours out. Each sweat droplet results in a colour spot which
increases in perimeter and number over time. The evolving pattern of spots is
recorded by high-resolution digital photography or video and evaluated with auto-
mated image analysis software.

SSRT This neurophysiologic measure of electrodermal activity provides a surro-
gate marker of sympathetic cholinergic sudomotor function. An arousal stimulus
(electric, acoustic, deep breath) induces a change in skin potential, which is recorded
from the palms and soles of the feet most often. SSRs are reported as present or
absent. For amplitude and latency, normative values have been published.

4.8 Management
4.8.1 Nonpharmacological
Avoid spicy foods, coffee, tea, nicotine and alcohol.

Supporting measures are diverse relaxation techniques (e.g. progressive muscle
relaxation).
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4.8.2 Treatment of Hypohidrosis

If generalised hypohidrosis is of clinical relevance and drug induced, a reduction of the
inducing drug should be considered. Deficient sweating may further be managed by
avoiding situations of heat stress and cooling the skin with externally applied water.

4.8.3 Treatment of Hyperhidrosis

Treatment of first choice is topical applications of aluminium salts. Those are
already added in many antiperspirant agents; however, a higher dose is necessary in
hyperhidrosis (15-25%) several times a day. Side effects include skin irritation and
dysaesthesias. Patients should take care not to get in contact with dark clothing
directly after application due to discoloration of their clothes. In Frey syndrome,
e.g. after surgery, topical application of 0.5% glycopyrrolate is recommended.

Tap water iontophoresis is very effective in palmar and plantar hyperhidrosis.
Standard settings are continuous direct current or eventually pulsed direct current,
which might be slightly less effective [11]. Patients with implanted pacemakers and
pregnant women should abstain from this therapy. Side effects include skin irrita-
tions including erythema, blistering and local burning sensations.

If the previous measures were not able to relieve symptoms, botulinus toxin
injection may be considered. The application is intradermal. In many patients, a
good effect is seen up to 7 months. When applied in palmar hyperhidrosis, paresis
of small hand muscles is often observed.

Sympathectomy of the sympathetic ganglia Th2/Th3 is used foremost in palmar
hyperhidrosis. However, compensatory hyperhidrosis might complicate this therapy
in the long run. Surgery-related complications include haemothorax, pneumotho-
rax, injury to the thoracic duct and the phrenic nerve and Horner’s syndrome. See
Text Box 4.1.

Generalised hyperhidrosis is treated with anticholinergic drugs (e.g. methanthe-
linium bromide (2 x 50 mg/day)). Only few data exists on administration. Side
effects of anticholinergic drugs might limit the therapy (urinary retention, constipa-
tion, memory impairment, drymouth, reduced accommodation). Alternative treat-
ment options are antidepressants (especially tricyclic antidepressants like
amitriptyline, but also paroxetine), beta-blockers or calcium channel antagonists
(e.g. diltiazem).

Text Box 4.1. Endoscopic Transthoracic Sympathectomy (ETS)

K.A. Leber, Univ. Clinic for Neurosurgery, Medical University Graz
Indication. The classic indication is primary focal axillar and/or palmar

hyperhidrosis (HH). Facial blushing, Raynaud’s disease, angina pectoris,

reflex sympathetic dystrophy and plantar HH are considered as further possi-

ble indications. However, the latter is not yet sufficiently documented in

literature.
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Surgical procedure. ETS is a video-assisted endoscopic keyhole procedure
under general anaesthesia. The endoscope is inserted via a single skin incision
in the armpit. Through the working channel, a cautery probe is inserted to
place two to three thermo-lesions on the sympathetic trunk between ganglia 2,
3 and 4. We also coagulate aberrant, mostly invisible connections up to 3 cm
laterally as prevention against recurrences.

Even though the complication rate is fairly low, we operate one side and do
the procedure on the other side 6 weeks, thereafter. Instead of thermo-lesions,
also cutting is described in literature, or clamping, that can be reversed in case
of adverse effects.

Risks and complications. The most common unwanted effect is compen-
satory sweating on the torso, whereas surgical complications such as infec-
tion and bleeding or symptoms from residual pneumothorax are extremely
rare.

Results. At the Department of Neurosurgery, Medical University of Graz,
we reviewed a total of 44 patients over a period of 60 months. The mean suc-
cess rate by increased quality of life was 92% (96% for palmar HH and 85%
for axillary HH). The recurrence rate was 14%, whereas only two patients
required a reoperation. There was no serious complication. Fifty-five percent
of the patients reported signs of compensatory HH; however, 18% denoted it
onerous, and only one patient (2%) would not have the same procedure again.
Compensatory hyperhidrosis was habitually noted temporarily or was
accepted in a lesser stage by most of the patients.

Take Home Messages

Sweating disorders:

e Need special considerations.

* Anatomic representation plays a huge role (focal, generalized; hypo-,
hyperhidrosis).

e Sweating disorders based on systemic diseases have to be ruled out.

* Non-pharmacological and pharmacological management is available.

References

1. Fealey RD, Low PA, Thomas JE (1989) Thermoregulatory sweating abnormalities in diabetes
mellitus. Mayo Clin Proc 64:617-628

2. Gibbons CH, Illigens BMW, Centi J, Freeman R (2008) QDIRT: quantitative direct and indi-
rect test of sudomotor function. Neurology 70:2299-2304

3. Illigens BM, Gibbons CH (2009) Sweat testing to evaluate autonomic function. ClinAuton Res
19(2):79-87

4. Low PA, Caskey PE, Tuck RR, Fealey RD, Dyck PJ (1983) Quantitative sudomotor axon
reflex test in normal and neuropathic subjects. Ann Neurol 14:573-580



80

W. Struhal and H. Lahrmann

11.

12.

13.

14.

15.

16.

. Provitera V, Nolano M, Caporaso G, Stancanelli A, Santoro L, Kennedy WR (2010) Evaluation
of sudomotor function in diabetes using the dynamic sweat test. Neurology 74:50-56

. Stewart JD, Nguyen DM, Abrahamowicz M (1994) Quantitative sweat testing using acetyl-
choline for direct and axon reflex mediated stimulation with silicone mold recording; controls
versus neuropathic diabetics. Muscle Nerve 17:1370-1377

. Lahrmann H, Magnifico F, Haensch CA, Cortelli P (2005) Autonomic nervous system labora-
tories: a European Survey. Eur J Neurol 12:375-379

. Ross AT (1958) Progressive selective sudomotor denervation; a case with coexisting Adie’s
syndrome. Neurology 8:809-817

. Mold JW et al (2012) Night sweats: a systematic review of the literature. ] Am Board Fam Med
25:878-893

. Tugnoli V, Eleopra R, De Grandis D (1999) Hyperhidrosis and sympathetic skin response in

chronic alcoholic patients. Clin Auton Res 9(1):17-22

Schlereth T, Dieterich M, Birklein F (2009) Hyperhidrosis—causes and treatment of enhanced

sweating. Deutsches Arzteblatt International 106(3):32-37

Cheshire WP, Fealey RD (2008) Drug-induced hyperhidrosis and hypohidrosis. Drug Safety

31(2):109-126

Cheshire W, Freeman R (2003) Disorders of Sweating, 23(4):399—406

Wasner G, Maag R, Ludwig J, Binder A, Schattschneider J, Stingele R, & Baron R (2005)

Harlequin syndrome—one face of many etiologies. Nature Clinical Practice. Neurology,

1(1):54-9. http://doi.org/10.1038/ncpneuro0040

Viera AJ, Bond MM, Yates SW (2003) Diagnosing night sweats. American Family Physician,

67(5):1019-24. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/12643362

Swinn L, Schrag A, Viswanathan R, Bloem BR, Lees A, Quinn N (2003) Sweating dysfunction

in Parkinson’s disease. Movement Disorders: Official Journal of the Movement Disorder

Society, 18(12):1459-63. http://doi.org/10.1002/mds.10586


http://doi.org/10.1038/ncpneuro0040
http://www.ncbi.nlm.nih.gov/pubmed/12643362
http://doi.org/10.1002/mds.10586

Bladder and Sexual Dysfunction

Alessandra Fanciulli, Gusztav Kiss, Sabine Eschlbdck,
Gregor K. Wenning, and Jalesh N. Panicker

Contents

5.1  Which Clinical Signs Hint at a Urogenital Autonomic Disease?

5.1.1 Neurogenic Bladder Dysfunction
5.1.2  Sexual Dysfunction...

5.2 Therapeutics of Bladder and Sexual Dysfunction............cccceeceieiniiinrinicccninininicnineenens

5.2.1 Neurogenic Bladder Dysfunction

5.2.2  Sexual Dysfunction...

5.3 Clinical Case Discussion...

5.3.1 Case I: Urinary Complaints in Relapsing-Remitting Multiple Sclerosis............. .

5.3.2  Case 2: Neurogenic Erectile Dysfunction

References...

A. Fanciulli, MD, PhD (P<)) ¢ S. Eschlbock ¢ G.K. Wenning
Department of Neurology, Innsbruck Medical University,
Anichstrasse 35, A-6020 Innsbruck, Austria

e-mail: alessandra.fanciulli @i-med.ac.at

G. Kiss
Department of Urology, Innsbruck Medical University, Innsbruck, Austria

J.N. Panicker
The National Hospital for Neurology and Neurosurgery and UCL Institute of Neurology,
Queen Square, London, UK

© Springer International Publishing Switzerland 2017
W. Struhal et al. (eds.), Bedside Approach to Autonomic Disorders,
DOI 10.1007/978-3-319-05143-7_5

82
82
87
89
89

97
97
98
98

81


mailto:alessandra.fanciulli@i-med.ac.at

82 A. Fanciulli et al.

5.1 Which Clinical Signs Hint at a Urogenital Autonomic
Disease?

5.1.1 Neurogenic Bladder Dysfunction

Urinary function consists of a “storage” phase, in which tonic activation of urethral
sphincter muscle occurs and bladder detrusor muscle is inhibited, and a “voiding”
phase, in which detrusor activation and sphincter relaxation favor passing of urine.
Both are under voluntary and involuntary neural control. Disorders of neural control
of urinary function are also known as “neurogenic bladder” or “neurogenic lower
urinary tract dysfunction.” Four main clinical pathological patterns can be distin-
guished at examination, with different therapeutic implications [41]:

1. Bladder detrusor overactivity: bladder storage capacity is reduced, but no or only
low urine post-void volume occurs.

2. Detrusor sphincter dyssynergia: bladder storage capacity is reduced. Lack of
coordination between bladder detrusor activation and urethral sphincter relax-
ation additionally induces post-void residual urine.

3. Hypoactive bladder: bladder capacity is increased. Insufficient detrusor activa-
tion leads to high post-void residual urine.

4. Hypoactive sphincter: bladder storage capacity is reduced, with no post-void
residual urine.

For all purposes, peripheral nerve palsies cause hypoactive bladder and hypoactive
sphincter, while central lesions (i.e., above the S2—S4 spinal micturition center) cause
detrusor and sphincter overactivity and additionally detrusor sphincter dyssynergia, if
the lesion is located at suprasacral spinal level.

For anatomy, see Sect. 1.2.

5.1.1.1 History Taking

When evaluating a patient for neuro-urological complaints, mental status, phys-
ical mobility, as well as comorbidities, symptomatic burden and treatment
expectations need to be taken into account to establish a tailored therapeutic
approach. In multiple system atrophy (MSA), for example, male patients may
undergo futile prostatic or bladder neck surgery before the correct diagnosis is
assessed [3]. Similarly, stress incontinence occurs in the majority of female
MSA patients, but surgical procedures, if applied, have proven futile [3, 6].

For further details on history taking see Sect. 2.2.3.

5.1.1.2 Physical Examination

Urinary retention, frequency, as well as urgency and nocturia may be caused or
exacerbated by benign prostatic hypertrophy in men or by perineal laxity secondary
to multiple parity or pelvic organ prolapse in women. Masses, relevant surgical
scars, and prolapses are frequent confounders or exacerbating factors, which need
to be ruled out, or documented, at the first evaluation.
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5.1.1.3 Urine Dipstick

Urinary tract infections, though developing more frequently in patients with neuro-

genic bladder, can also cause or exacerbate urinary complains and need to be ruled

out or, eventually, treated prior to assessment of symptomatic burden.
Furthermore, if repeated urine dipstick suggests micro- or macrohematuria, fur-

ther investigation (i.e., cystoscopy, abdominal CT) is warranted to exclude expand-

ing lesions.

5.1.1.4 Bladder Diary
A “bladder diary” is a simple, cost-effective tool, through which urine frequency,
volume, as well as difficulties in initiating or suppressing voiding, and episodes of
urinary incontinence during day- and nighttime can be recorded. A bladder diary
template is provided in Fig. 5.1. Completing a bladder diary over at least 2 days is
essential to document symptoms’ severity, their distribution over the 24 h, plan indi-
vidualized interventions, and, later on, monitoring for therapeutic outcome.

The complete diagnostic work-up of urological autonomic failure is summarized
in Fig. 5.2.

5.1.1.5 Investigations

Post-void urine volume can be assessed by means of in-out catheterization or, non-
invasively, by bladder ultrasound. Uroflowmetry is particularly indicated in men: in
case of reduced urine flow, prostatic enlargement needs to be excluded.

The gold standard for a detailed evaluation of urinary storage and/or voiding
dysfunction in patients with suspected neurogenic bladder is the urodynamic evalu-
ation. Sterile urine is a prerequisite for performing this examination safely and
minimizing the risk of pyelonephritis. For detailed description of urodynamic
assessment, see Text Box 5.1 “Focus on Neuro-urological Investigations.”

Urodynamic assessment includes a multichannel registration, which combines
cystometrogram (CMG) with pressure flow study and electromyography (EMG).
During the examination, the patient is in his/her usual voiding position. A transure-
thral and a rectal balloon catheter detect intravesical (Pves) and abdominal pres-
sure (Pabd). Based on measured pressures, detrusor pressure (Pdet) can be
calculated (pdet = Pves — Pabd). EMG surface electrodes are used to assess exter-
nal urethral sphincter activity throughout urodynamic testing. Combination of
multichannel urodynamic testing with radiographic imaging, also known as vid-
eourodynamic study (or VUDS), provides further morphological information and
can be performed in selected cases. Sterile water or saline is used as fluid medium
for the bladder filling phase during standard urodynamic evaluation, while
Cystografin and fluoroscopy table tilted to 45-60° are used in case of videourody-
namic study.

During the filling phase, bladder storage is assessed by asking the patient about
sensation of bladder filling and is quantified by means of the bladder wall elas-
ticity (compliance, C = AV/A Pdet). The “leak point pressure,” that is, the pres-
sure at which urinary loss is experienced without detrusor contraction, is measured
for evaluation of neurogenic bladder and stress urinary incontinence. Voiding
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Date Time Voided volume | Fluid intake Urinary leakage
23.05.2017 06.00 450 mL No

07:00 150 mL No

08:00 Yes

09:00 150 mL No

09:30 Coffee (30 mL)

Fig. 5.1 Template of a bladder diary, complete over at least 48 hrs
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Neurogenic bladder
Diagnostic work-up

History talking
» Mental status
> Physical mobility
» Comorbidities
> Symptomatic burden and treatment expectations

!

Physical examinations
> Exclude/document:
> Prostatic hypertrophy—men
> Perineal laxity/pelvic organ prolapse—women
> Masses, surgical scars

'

Urine dipstick
Exclude:
» Urinary tract infections
» Hematuria, if confirmed: cystoscopy/abdominal-CT

!

Bladder diary
> Over at least 2 days

Investigations

> Uroflowmetry
> Urodynamic evaluation
> Kidney ultrasound/renal function parameters (exclude

> Post-void urine volume (bladder ultrasound/in-out catheterism)

secondary renal failure)

In selected cases
> Video urodynamics
> Concentric needle anal sphincter EMG
> Transanal Pudendal motor terminal latency
» Pudendal somatosensory evoked potentials

> Cortical evoked potentials of the vesicourethral junction

Fig. 5.2 Neurogenic bladder: diagnostic work-up

dysfunction, including detrusor sphincter dyssynergia, is detected via EMG, and
urine evacuation is quantified by pressure flow study recording flow rate, voided
volume, and related pressures (Pabd, Pves, Pdet). Provocative maneuvers including
cough or Valsalva maneuver may be performed to elicit detrusor overactivity and to

unmask stress urinary incontinence [31].
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Kidney ultrasound and functional renal assessment (creatinine clearance and

blood urea) are recommended to exclude, or eventually monitor for, hydronephro-
sis, reflux, and secondary renal failure.

Electrophysiological studies may be added in single cases (see Text Box 5.1).

Text Box 5.1 Focus on Neuro-urological Investigations

Urodynamic assessment: it includes a multichannel registration, which combines
cystometrogram (CMG) with pressure flow study and electromyography
(EMG). During the examination, the patient is in his/her usual voiding posi-
tion. A transurethral and a rectal balloon catheter detect intravesical (Pves)
and abdominal pressure (Pabd). Sterile water or saline is used as fluid medium
for the bladder filling phase. Based on measured pressures, detrusor pressure
(Pdet) can be calculated (pdet = Pves — Pabd). EMG surface electrodes are
used to assess external urethral sphincter activity throughout urodynamic test-
ing. Bladder storage capacity is assessed by asking the patient about sensation
of bladder filling. The “leak point pressure,’ that is, the pressure at which
urinary loss is experienced without detrusor contraction, is measured for eval-
uation of neurogenic bladder and stress urinary incontinence. Voiding dys-
function, including detrusor sphincter dyssynergia, is detected via EMG, and
urine evacuation is quantified by pressure flow study. Provocative maneuvers
including cough or Valsalva maneuver may be performed to elicit detrusor
overactivity and to unmask stress urinary incontinence [31].

Videourodynamic assessment: based on the combination of multichannel uro-
dynamic testing with radiographic imaging, it provides further morpho-
logical information and can be performed in selected cases. In this case,
Cystografin and a fluoroscopy table, tilted to 45-60°, are used.

Concentric needle anal sphincter electromyography (EMG): can be used to
investigate muscle reinnervation following axonal damage to the sacral spinal
segments S2—S4. In the setting of suspected neurodegenerative disorders, the test
is useful to evaluate the integrity of the motor neurons of these segments, known
as Onuf’s nucleus. Neuronal loss in Onuf’s nucleus is a characteristic, but not
exclusive, feature of MSA, therefore limiting the role of this investigation in the
differential diagnosis of parkinsonian syndromes [26, 34, 35, 42, 45, 47].
Transanal pudendal motor terminal latency: may help to evaluate a distal lesion
of pudendal motor fibers.

Pudendal somatosensory evoked potentials: to investigate for lesions of puden-
dal somatosensory afferent fibers.

Cortical evoked potentials of the vesicourethral junction: evaluate viscerosen-
sory afferent pathways in patients with lower urinary tract dysfunction. Combined
with evaluation of pudendal somatosensory evoked potentials, it distinguishes
between intraspinal and extraspinal (e.g., sacral plexus) lesions of the bladder
afferent pathways, if the site of lesion is unknown [22].
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5.1.2 Sexual Dysfunction

Male erectile dysfunction (ED) is defined as the inability to achieve or maintain an
erection sufficient for satisfactory sexual performance [7]. Prevalence of ED is 2%
in the third decade of life and may increase up to 53% in the seventh decade [5].
ED may be of organic, psychogenic, or, in most of cases, multifactorial origin. A
psychogenic cause is suspected in case of sudden onset, previous or ongoing stress-
ful events, situation-dependent disturbs (contact with a partner versus masturba-
tion), absence of relevant organic risk factors, young age, and preserved spontaneous
nocturnal erections. Organic causes of ED encounter vascular origin (arterial,
venous, or mixed), structural penile abnormalities, and endocrine or neurogenic
causes. Erectile dysfunction may be the presenting feature of primary autonomic
disorders like multiple system atrophy [13] and pure autonomic failure [1], fre-
quently occurs in patients with spinal cord injuries [44] and multiple sclerosis [25],
and may complicate diabetes mellitus or polyneuropathies of diverse etiologies.
History taking is essential for a proper diagnostic work-up of erectile complaints:
even if a putative cause for ED is suspected (e.g., previous diagnosis of polyneu-
ropathy), a careful history taking should be aimed at pointing out further, eventually
modifiable, contributing factors. Patients’ psychosocial, lifestyle, and pharmaco-
logical aspects, as well as comorbidities, should be taken into account during the
first diagnostic assessment (see also Table 5.1 — History taking in males referring
erectile dysfunction). Sexual anamnesis should be carefully documented, if possible

Table 5.1 History taking in patients referring erectile dysfunction

Comorbidities Arterial hypertension

Hyperlipidemia

Diabetes mellitus (for both vascular and neurogenic erectile dysfunction)
Depression

Parkinsonism

Multiple sclerosis

Polyneuropathy of any etiology

Spinal stenosis

Hyperprolactinemia

Hypothyroidism

Hypogonadism

Obesity

Risk factors Smoking

Sedentary lifestyle

Increased alcohol intake

Recreational drug use (e.g., cocaine, by inducing hyperprolactinemia)
Previous pelvic or perineal surgery, trauma, or radiotherapy

Drugs Thiazide type diuretics
Aldosterone receptor blockers
B-blockers

Benzodiazepines

SSRI

Antiepileptic drugs
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also with the bed partner in order to define disease burden and plan tailored inter-
ventions. Several rating scales have been developed for research purposes in order
to stratify severity degree of male ED: the most frequently used is the “International
Index of Erectile Function — 5 items” (IIEF-5 scale), which is reported in Table 5.2
[32] and may be used on a routine basis for follow-up purposes as well. In case a

Table 5.2 The IIEF-5 questionnaire

Over the past

6 months: 1 2 3 4 5

1. How do you Very low Low Moderate High Very high
rate your

confidence that

you could get

and keep an

erection?

2. When you Almost never/ | A few Sometimes Most Almost always/
had erections never times (About half times always

with sexual (much the time) (much

stimulation, how less than more

often were your half the than half

erections hard time) the time)

enough for

penetration?

3. During sexual | Almost never/ | A few Sometimes Most Almost always/
intercourse, how | never times (About half times always
often were you (much the time) (much

able to maintain less than more

your erection half the than half

after you had time) the time)

penetrated

(entered) your

partner?

4. During sexual | Extremely Very Difficult Slightly | Not difficult
intercourse, how | difficult difficult difficult

difficult was it

to maintain your

erection to

completion of

intercourse?

5. When you Almost never/ | A few Sometimes Most Almost always/
attempted sexual | never times (about half times always
intercourse, how (much the time) (much

often was it less than more

satisfactory for half the than half

you? time) the time)

Reprinted from Rosen et al. [32], with permission from the Nature Publishing Group
The IIEF-5 questionnaire is the sum of the ordinal responses to the five items (range, 5-25)
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psychogenic ED is suspected, a multidisciplinary evaluation, including psycho-
pathological assessment, is recommended.

Physical examination of the abdomen, penis, testicles, secondary sexual charac-
teristics, and leg arterial pulses should be performed at first visit. Digital rectal
examination of the prostate and serum PSA are recommended in men above 40 years
of age: this is particularly important in case ED is due to hypogonadism and testos-
terone replacement therapy is planned.

Laboratory testing is also recommended at first visit and should include blood
glucose, HbAlc, HDL and LDL cholesterol, liver enzymes, creatinine, and blood
count. In patients with gynecomastia, androgen hormone measurement should be
also performed.

Provocative erection test (intracavernous prostaglandin El injection -
Alprostadil), alone or in combination with Doppler ultrasound, can be considered if
penile artery disease is suspected. In case of penile arteriopathy, further investiga-
tions should be prompted to exclude an ongoing coronary artery disease.

Electrophysiological studies can be considered if a neurogenic cause of ED is
suspected. Autonomic y-fibers inducing vasodilation of cavernous vessels cannot be
tested, but anal sphincter electromyography, pudendal nerve terminal motor latency,
and somatosensory evoked potentials of pudendal nerve may provide indirect clues
for a neurogenic etiology in unclear cases (Fig. 5.3).

In women, sexual dysfunction may manifest with decreased vaginal lubrication
and dryness, anorgasmia, and low sexual drive. Any kind of lesion affecting neural
pathways subserving sexual function may cause neurogenic sexual dysfunction, but
like in men, a multifactorial origin is more often the case, with both organic and
psychosocial aspects playing a key role (see above). In particular, age- or delivery-
related perineal laxity, endocrine changes (i.e., age-related/drug-induced/iatrogenic
menopause, contraceptive pill), concomitant bladder or bowel dysfunction, spastic-
ity, or depression may influence libido and sexual function to a great extent. Hence,
these aspects need to be considered when evaluating female patients with hypoactive
sexual complaints. Questionnaire can be used for initial assessment and follow-up
of female neurogenic sexual dysfunction: the most frequently used are the “sexual
function questionnaire (SFD)” and the “female sexual function index — FSFI” [27].

5.2  Therapeutics of Bladder and Sexual Dysfunction
5.2.1 Neurogenic Bladder Dysfunction

Management of lower urinary tract autonomic dysfunction contemporarily aims at
optimizing quality of life, by reducing incontinence episodes and increasing void-
ing control and protecting upper urinary tract from secondary damage. Therapeutic
options need to be individualized, by taking into account objective findings, comor-
bidities, global health status, and personal expectations of the patient [36].
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Male erectile dysfunction
Diagnostic work-up

History talking
> Sexual anamnesis with patient/bed partner
» Comorbidities
> Risk factors
> Drugs

Physical examinations at 1st visit
> Anatomic abnormalities
> Secondary sexual characteristics
> Leg arterial pulses

> Digital rectal examination (if > 40 years of age —
document prostate status)

In selected cases
> Suspected psychogenic origin: psychiatric evaluation

> Suspected vascular origin: provocative erection test,
alone or with doppler ultrasound

» Electrophysiological studies
> Laboratory testing:

» Blood glucose, HbA1c
HDL/LDL Cholesterol
Liver enzymes
Creatinine
Blood count

YV V VYV

In case of gynecomastia: androgen and
prolactine hormones

Prior to treatment

> Assess risk of myocardial infarction during sexual
intercourse according to the Princeton criteria*

Fig.5.3 Male erectile dysfunction: diagnostic work-up *[30]
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5.2.1.1 Storage Dysfunction

Overactive Bladder

Non-pharmacological treatment of detrusor overactivity by means of bladder train-
ing may be pursued in patients with milder symptoms or as add-on to pharmacologi-
cal measures: patients are trained to resist urge symptoms for a stepwise longer
interval until urine volume and frequency do not normalize [46].

Antimuscarinic agents are the first-line therapy for treatment of detrusor overac-
tivity. Oxybutynin, tolterodine, solifenacin, darifenacin, and trospium relieve urge
and incontinence. Possible side effects are increased post-void residual volumes,
xerostomia, constipation, and blurred vision [48]. Delirium, confusion, and worsen-
ing of cognitive impairment are further side effects due to central anticholinergic
activity, limiting their use in patients with overt dementia. To this end, trospium,
said not to pass the blood-brain barrier, and darifenacin, more selective for the
peripheral M3 muscarinic receptor subtype, should induce cognitive side effects
less frequently [21, 43]. Four to 6 weeks after beginning an antimuscarinic therapy,
therapeutic outcome as well eventual side effects should be monitored. Post-void
urine volume should be monitored during the titration phase and after dose changes,
as this may rise due to drug-induced hypoactive bladder [2].

In refractory cases, more invasive options can be considered. Botulinum toxin A
intravesical injection may reduce incontinence episodes due to detrusor overactiv-
ity. The treatment reduces detrusor contractility, impairing voluntary voiding and
resulting in urinary retention. Therefore, this procedure is indicated only in patients
able to perform clean intermittent self-catheterization and not, for instance, in
patients with a severe cognitive of motor impairment [8, 16, 38].

Other invasive options for treatment of therapy-resistant detrusor overactivity
include sacral neuromodulation or, in selected cases and depending on disease prog-
nosis and life expectancy, bladder augmentation through partial detrusor myectomy
or ileal transplant [24]. Recent evidence suggests that percutaneous posterior tibial
nerve stimulation may improve lower urinary tract symptoms and urodynamic find-
ings in patients with Parkinson’s disease suffering from overactive bladder [20].

Stress Incontinence

Conservative measures for treating stress incontinence due to hypoactive sphincter
and/or pelvic floor laxity include pelvic floor training and behavioral therapy by
means of biofeedback [17]. Invasive procedures include implantation of an artificial
urethral sphincter [11, 15] or, in single cases, transurethral infiltration with bulking
agents (i.e., fat, collagen, silicon, Teflon) but are to be considered on the basis of the
patient’s life expectancy.

Nocturia

In patients reporting nocturia, it is essential to distinguish, on the basis of the
bladder diary records, whether this is due to (I) increased nocturnal urine output
(i.e., more than 1/3 of the 24 h total urine volume is excreted overnight, e.g., in
case of pressure natriuresis in patients affected by nocturnal hypertension), (II)
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generally increased urine output (>40 mL/kg body weight, e.g., in case of uncon-
trolled diabetes), and (III) reduced bladder capacity (e.g., in case of overactive
bladder). A combination of more than one cause is frequent, and a number of
other contributing factors need to be taken into account at first evaluation. These
are uncontrolled arterial hypertension with nocturnal blood pressure rise, diuret-
ics scheduled in the evening, sleep apnea, psychogenic polydipsia, and insuffi-
cient antidiuretic hormone secretion (either idiopathic, drug-induced, or due to
neuropituitary lesions).

For non-pharmacological treatment of nocturia, patients should be advised to
limit their water intake in the late afternoon/evening, avoid evening alcohol con-
sumption, and sleep in a 30° head-up tilt position [40]. Pharmacological treatment
with desmopressin at bedtime may be indicated in patients with increased nocturnal
urine output, but monitoring for blood pressure, serum electrolytes, and body weight
changes is mandatory [33]. Bedtime administration of antimuscarinic agents is indi-
cated in patients with reduced bladder capacity as cause for nocturia.

5.2.1.2 Voiding Dysfunction

Detrusor Sphincter Dyssynergia

Clean intermittent self-catheterization is the treatment of choice for patients with
urinary retention and post-void urine residuum >100 mL. Frequency of catheteriza-
tion is to be tailored according to urodynamic findings and post-void volume. For
practical purposes, it is suggested to perform one catheterization per day for every
100 mL of urine residual volume (e.g., if residual volume is 300 mL, then catheter-
ism thrice daily) [19, 48]. Remarkably, this approach may cause urethral ulceration
on the long term, fail to prevent from recurrent urinary tract infections, or result
impracticable in patients with severe motor impairment (e.g., multiple system atro-
phy), so that suprapubic indwelling catheterization may turn necessary over time.
Add-on pharmacological therapies for urinary retention are either designed to
enhancing vesical detrusor contractility (cholinergic agents) or promoting urethral
smooth sphincter relaxation (a;-adrenoreceptor antagonists) [19].

One study suggested the use of a bladder stimulator as a possible alternative to
self-catheterization in selected patients [9]. For refractory cases, surgical options
like urethral sphincterectomy, bladder augmentation, or ileal conduit urinary diver-
sion may be considered.

Hypoactive Bladder

In case of hypoactive bladder, treatment with cholinergic agents (e.g., bethanechol)
or oy-adrenoreceptor antagonists may be pursued [19]. Remarkably, ;-
adrenoreceptor blockers should be prescribed cautiously in patients with neurogenic
orthostatic hypotension, due to exacerbation of this latter under treatment with a-
adrenoreceptor blockers. Tamsulosin may be preferred in this case, given a higher
selectivity for prostatic o;-adrenoreceptors [37]. Evening scheduling is also sug-
gested in order to minimize hypotensive side effects. In case of post-void urine
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residuum >100 mL, clean intermittent catheterism or, if unfeasible, suprapubic
indwelling catheterization is suggested in order to prevent the upper urinary tract
from retrograde damage.

5.2.2 Sexual Dysfunction

5.2.2.1 Pharmacological Measures
Eventual comorbidities (e.g., hypogonadism, hyperprolactinemia) should be treated
appropriately. Pharmacological measures should be applied stepwise, according to
their invasiveness and risk/benefit ratio.

Since ED and cardiovascular diseases often share a common etiology, it fre-
quently happens that patients with ED present with one or more cardiovascular
comorbidities, thus limiting therapeutic options. Prior to treatment, patients should
be stratified into high, intermediate, and low risk of developing myocardial infarc-
tion during sexual intercourse according to the Princeton Consensus Panel [23].
Patients with:

(i) Unstable or refractory angina
(i) Uncontrolled hypertension
(iii)) Congestive heart failure
(iv) Myocardial infarction in the previous 2 weeks
(v) High-risk arrhythmias
(vi) Hypertrophic, obstructive, or other cardiomyopathies
(vii) Moderate-to-severe valvular disease

are considered at high risk and should not be treated for ED until the cardiovascular
comorbidity is sufficiently treated. To the contrary, patients at low risk of myocar-
dial infarction during sexual intercourse, i.e.,

(i) Asymptomatic coronary disease
(i) Controlled hypertension
(iii) Mild stable angina
(iv) Mild valvular disease

(v) Uncomplicated stenting

might be considered for all first-line therapies ([23, 30]).

Oral phosphodiesterase (PDE-5) inhibitors are the first-line therapy for ED. These
are sildenafil, tadalafil, vardenafil, and avanafil, with no sufficient evidence sup-
porting the superiority of one with respect to the others [28]. Sildenafil proves
efficacious in parkinsonian men with ED, by ameliorating both achievement and
maintaining of erection, but exacerbation of orthostatic hypotension is a predictable
side effect [18]. A precautionary measurement of supine and standing blood pres-
sure is therefore highly recommended before prescribing sildenafil to parkinsonian
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patients. Tadalafil, having the longest T,, is also relative contraindicated in patients
suffering from orthostatic hypotension [18]. Attention should be paid in patients
taking a;-adrenoceptor blockers (e.g., tamsulosin for benign prostatic hypertrophy),
due to synergistic hypotensive effects. PDE inhibitors should not be prescribed to
patients on nitrate therapy.

In case of therapeutic failure, another PDE inhibitor may be tried. Alternatively,
intraurethral alprostadil (vasodilatory prostaglandins), alone or in combination with
a PDE inhibitor or vacuum constriction, can be considered. Penile erection develops
regardless of the subject’s will after prostaglandin administration, and possible side
effects include priapism, hemorrhages, and infections. Vaginal burning sensation
may also occur in the partner. Intra-cavernous vasodilatory prostaglandin adminis-
tration is a more invasive approach, which can be considered, although associated
with a higher risk of priapism and infections: first administration should occur under
physician’s supervision, and training is recommended to increase therapeutic
success.

In a recent meta-analysis, PDE-5 inhibitors resulted effective in treating female
sexual dysfunction, with some studies reporting negative results, but incidence of
adverse events (headache, flushes, color-vision changes) is a considerable issue.
Hormone replacement therapy in peri- and postmenopausal women and bupropion
and transdermal testosterone administration have been suggested as off-label thera-
peutic options in female patients with hypoactive sexual dysfunction, but long-term
safety data is controversial [39].

5.2.2.2 Non-pharmacological Measures
Psychological counseling is recommended in case of psychogenic ED. Lifestyle
measures, like weight control, quitting smoking, reducing alcohol consumption,
and regular exercise may be encouraged in case of organic ED, although level of
evidence is low [12]. Mechanical strategies include vacuum constriction and, for
therapy-resistant cases, penile prosthesis implantation. Vacuum constriction devices
must contain a vacuum limiter to avoid penile injuries. Prosthesis implantation
requires appropriate counseling of patient and partner due to risk of infection, ero-
sion, mechanical failure, eventually necessity of reoperation, and loose of residual
erectile function if the device is removed [10].

Clitoral vacuum therapy devices (Eros Therapy™) are approved by the FDA for
non-pharmacological treatment of female sexual dysfunction, favoring clitoral
engorgement, vaginal lubrication, and orgasmic ability [4] (Table 5.3).
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53 Clinical Case Discussion

5.3.1 Case 1: Urinary Complaints in Relapsing-Remitting
Multiple Sclerosis

A 31-year-old female patient, with a history of relapsing-remitting multiple sclero-
sis and a disease duration of 4 years, complains about urinary urgency, frequency, as
well as occasional urinary incontinence.

At neurological examination mild bilateral action tremor and balance distur-
bances are present. Cerebral and spinal MRI demonstrates lesions within infratento-
rial and periventricular regions, including the pontine micturition center and the
lumbosacral spinal cord segments.

The bladder diary reveals frequency, urgency, and nocturia. Uroflowmetry docu-
ments a decreased and interrupted urine flow. Post-void urine residuum is 150 ml.
The patient undergoes urodynamic evaluation, which confirms phasic detrusor
overactivity as well as a detrusor sphincter dyssynergia (see Fig. 5.4).

Because of neurogenic bladder in the setting of multiple sclerosis, antimusca-
rinic therapy with tolterodine 2 x 2 mg is initiated, which results in improvement of
bladder control without increasing residual urine.
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Fig.5.4 Urodynamic pattern changes in a 31-year-old MS patient. Urodynamic evaluation dem-
onstrates phasic detrusor overactivity during filling phase and detrusor sphincter dyssynergia as
well as an interrupted and decreased urine flow during voiding phase. Pves vesical pressure, Pabd
abdominal pressure, Pdet detrusor pressure, EMG electromyography, Qura urine flow, Vinf infu-
sion fluid volume, /Hd first sensation of bladder filling, 2Hd second sensation of bladder filling
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5.3.2 Case 2: Neurogenic Erectile Dysfunction

A 45-year-old man, who is married and sexually active, complains about severe
erectile dysfunction (IIEF-5: 7). Despite sexual desire, achieving and maintaining
erection is not possible. The patient suffers from insulin-dependent, inadequately
controlled diabetes mellitus for at least 15 years.

Urological and andrological examination gave normal results, but a neurologi-
cal investigation revealed a marked diabetic neuropathy. Concentric needle anal
sphincter EMG reveals diminished activity, and pudendal nerve SSEP shows a pro-
longed peripheral latency, further supporting the suspicion of a neurogenic erectile
dysfunction.

Beside adjustment of blood glucose levels, a phosphodiesterase-5 (PDES)
inhibitor (sildenafil 25-100 mg; 1 h and 30 min prior to sexual activity) is recom-
mended in this case, given assessment of risk of myocardial infarction during sexual
intercourse is low according to the Princeton criteria [23, 30].
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The present chapter is divided into three sections. In the first part, the diagnostic
work-up of gastrointestinal (GI) dysfunction is discussed. The second focuses on
specific disorders that involve gastrointestinal autonomic system followed by the
last section, which provides an overview of specific management.
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6.1 Diagnostic Work-Up
6.1.1 Gastrointestinal Dysfunction

Gastrointestinal autonomic dysfunction may result from primary dysautonomias
(e.g. pure autonomic failure (PAF), multiple system atrophy (MSA)), but a more
common scenario is a systemic disorder (e.g. diabetes mellitus) resulting in auto-
nomic dysfunction [3] (see Fig. 6.1). Gastrointestinal autonomic dysfunction is
mostly non-specific and manifests with a combination of various symptoms and
different degrees of severity. The entire gastrointestinal tract can be affected leading
to a plethora of features. Symptoms of the proximal GI tract include for example
dysphagia, nausea or epigastric pain and involvement of distal GI tract results in
obstipation, diarrhoea and faecal incontinence (see Fig. 6.2). Diagnosis and

(primary J
Pure autonomic failure
Multiple system atrophy

(secondary J

Systemic diseases (e.g. diabetes mellitus, amyloidosis)
Other neurodegenerative disorders (e.g. PD, PSP)
Drugs and toxins (e.g. Alcohol, cytostatic agents)
Immune disorders (e.g. paraneoplastic)

Infections (e.g. chagas disease)

Hereditary disorders (e.g. HSAN, MENGIE)

Fig.6.1 Actiology of gastrointestinal autonomic dysfunction (Modified from Bittinger et al. [3]
with permission from Springer Science and Media)

Proximal
gastrointestinal tract

dysphagia Distal gastrointestinal tract
nausea

vomiting abdominal pain
gastroesophageal reflux bloating

early satiety diarrhoea

constipation
fecal incontinence

epigastric fullness
retrosternal chest pain
epigastric pain
malabsorption

Fig.6.2 Gastrointestinal manifestations arising from autonomic dysfunction [12]
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treatment of gastrointestinal autonomic disorders are still challenging in clinical
practice and require a detailed assessment and specific management.
For pathophysiology see Sect. 1.2.3.

6.1.2 History Taking and Red Flags

Gastrointestinal autonomic dysfunction includes a variety of unspecific symptoms.
Accurate history taking and identification of red flags are pivotal for diagnosis.
Detailed assessment of gastrointestinal complaints encompasses symptom onset,
chronology as well as frequency, character and location of current GI symptoms.
Frequency of defaecation as well as stool colour and consistency and events of hae-
matochezia or melaena are essential for diagnosis. Patients should be asked about
dietary habits and aggravating and alleviating factors of symptoms. Further evalua-
tion includes comorbidities, past surgical history, current treatment as well as family
and social history. Red flags that may suggest gastrointestinal autonomic dysfunc-
tion are summarised in Fig. 6.3 — See also Sect. 2.2.4.1 for reference.

6.1.3 Physical Examination
Based on historical features, general physical examination needs to be performed.

In the first step, physical examination should focus on signs of gastrointestinal dis-
eases (ascites, gynaecomastia, abdominal bruits, hernial orifices, alterations of the

[Signs supporting neurogenic gastrointestinal mechanisms }

dysphagia in combination with drooling, nasal regurgitation, choke /cough episodes
symptom complex of nausea, vomiting, abdominal pain, weight loss

chronic obstipation

diarrhoea and / or fecal incontinence

[Signs of extra-gastrointestinal autonomic neuropathy ]

orthostatic symptoms
urogenital dysfunction
thermoregulatory failure

Presence of systemic diseases that predispose to autonomic
dysfunction

neurogenic disorders (e.g. neurodegenerative diseases, peripheral neuropathies)
endocrine diseases (e.g. diabetes mellitus)

paraneoplastic syndromes (e.g. sensomotor polyneuropathies, cerebellar disorders)
autoimmune causes (e.g. systemic lupus erythematosus, systemic sclerosis)

[Preceding infections ]

Chagas disease

Fig.6.3 Red flags suggesting gastrointestinal autonomic involvement [3, 44]
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skin, eyes and hands), which are important for differential diagnosis, and further
encompasses abdominal auscultation, percussion and palpitation. Digital rectal
examination should be conducted to complete physical examination.

6.1.4 Laboratory Tests

According to the predominating symptoms and differential diagnosis, the following
laboratory tests should be considered: full blood count, C-reactive protein, erythro-
cyte sedimentation rate, thyroid function tests, liver function tests, amylase, creati-
nine, urea, electrolytes, calcium, glucose, vitamin B12, electrophoresis, plasma
autoantibodies and urinalysis [26, 31]. Special laboratory tests may be necessary in
selected cases.

Autonomic Neuropathies Antibodies (anti-Hu, anti-nicotinic acetylcholine receptor
antibodies, anti-Ri, cytoplasmic antigens (amphiphysin, anti-Yo), voltage-gated neu-
ronal potassium channel complex (VGKC), calcium channel antibodies, glutamic acid
decarboxylase 65 (GAD65), peripherin-IgG) are detected in serum or cerebrospinal
fluid. Specific genetic tests may be considered for the diagnosis of inherited neuropa-
thies [31]. For diagnostic work-up of autoimmune autonomic ganglionopathy, anti-
ganglionic nicotinic acetylcholine receptor (AChR) (a3 subunit) antibodies may
provide additional information [48]. Nonetheless, seronegativity has been reported in
about 50% of cases with clinical features of subacute onset of multidomain autonomic
failure suggesting an immune-mediated autonomic ganglionopathy [36].

Chagas Disease In acute phase, organisms may be detected in Giemsa-stained
smears from tissue or cultivated in special media. Chronic phase serology or molec-
ular biological tests may be helpful for diagnosis [4].

6.1.5 Investigations

Diagnostic work-up is difficult, because no specific assessment for GI autonomic
neuropathy is available and limited to the detection of its sequela [3]. Nevertheless,
detailed evaluation (see Fig. 6.4) is mandatory to define aetiology and fundamental
for tailored therapy.

Dysphagia is a common symptom and may occur due to mechanical block or
dysmotility. Difficulties in swallowing associated with drooling, nasal regurgitation,
choke and cough episodes suggest neurogenic mechanisms [8], which result from
sensorimotor impairment and can affect oral, pharyngeal or oesophageal phase of
swallowing [44]. Although upper GI endoscopy including endoscopic biopsy per se
does not diagnose motility disorders, endoscopy should be considered if structural
abnormalities are suspected. Further investigations include videofluoroscopy to
assess oropharyngeal dysfunction [33] and radiological investigation with barium
swallow for detection of oesophageal dysmotility and structural abnormalities. In
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videofluoroscopy

barium swallow

= Dysphagia test

esophageal
manometry

tests for
helicobacter
infection

gastric

T Dyseepsia T ointigraphy

In selected cases:
endoscopy + barium meal

structural biopsy examination
— abnormalities need |  plain abdominal -
to be ruled out radiography radiopaque
abdominal marker test

ultrasound

symptoms

anorectal
manometry

Gastrointestinal autonomic

Constipation [

| | balloon expulsion
test

— defecography

| | tests for bacterial

— Diarrhoea overgrowth

Fig.6.4 Investigations of gastrointestinal symptoms (Modified from Fasano et al. [14] with per-
mission from Elsevier)

case of normal barium swallow test and unexplained dysphagia or suspicion of
oesophageal motility disorder, oesophagus manometry is of particular value [4].

Upper GI endoscopy is the predominant diagnostic modality to evaluate dyspep-
sia, and non-invasive tests including urea breath test, stool antigen test and serology
are available to detect helicobacter infection [14]. Gastroparesis and delayed gastric
emptying need to be evaluated by gastric scintigraphy, which is performed with
radiolabelled digestible solids or liquids [10]. Although barium meal examination
may be performed to detect gastric dysmotility, gastric scintigraphy remains the
gold standard [4].

Assessment of chronic constipation resulting from neurologic disorders requires
specific examination. In the first step, anorectal diseases, intestinal obstruction, meta-
bolic/endocrine causes and drugs need to be ruled out. Therefore, to exclude structural
diseases, patients younger than 50 years and without alarm signs (e.g. fever, weight
loss, blood in the stools) should undergo sigmoidoscopy. In patients older than 50 years,
colonoscopy or sigmoidoscopy in combination with barium enema examination is rec-
ommended [28]. For the assessment of colonic transit time, radiopaque marker test is
considered as the standard measurement. In patients, which have clinical features that
suggest a defecatory disorder, physiological testing is further recommended and
includes anorectal manometry and balloon expulsion test. Defecography may be nec-
essary to definitively exclude structural abnormalities in the rectum [26].
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The pathomechanisms of diarrhoea are multifactorial. Common causes comprise
infections (viral, bacterial, parasites, protozoa), inflammatory diseases (Crohn’s dis-
ease, ulcerative colitis), colorectal cancer, coeliac disease and drug-induced diar-
rhoea, which need to be ruled out in the first step. Colonoscopy in combination with
biopsy may be performed to definitely exclude malignancy and colitis. In the setting
of gastrointestinal autonomic dysfunction, increased bacterial colonisation of the
small intestine may lead to diarrhoea and malabsorption of nutrients [4] and can be
established by breath hydrogen testing and jejunal aspirate [17].

6.2  Autonomic Dysfunction and the Gastrointestinal
Nervous System

6.2.1 Gastrointestinal Autonomic Dysfunction
in Neurodegenerative Diseases

In the last years, an increasing similarity of pathological mechanisms involving
both the central and the peripheral gastrointestinal nervous system has been recog-
nised in most neurodegenerative diseases. Intra- and extracellular inclusions of
misfolded proteins are present in numerous CNS structures and sympathetic and
spinal ganglia, as well as in the gastrointestinal plexus, with a different pattern and
density of distribution in various neurodegenerative diseases. Like prion disorders,
these protein aggregates can migrate from periphery (myenteric, submucosal
plexus via autonomic innervation) to spinal cord, brainstem and other CNS struc-
tures or vice versa [13]. Some authors postulate the gastrointestinal tract as the
origin of some neurodegenerative diseases, such as Parkinson’s disease or MSA,
dysfunction of the GI tract being a common premotor sign in these conditions
[5,7,37,49].

a-Synuclein aggregates forming Lewy bodies and Lewy neurites represent the
pathological hallmark of Parkinson’s disease and dementia with Lewy bodies and
are found in early phases of the disease (according to Braak PD pathology stages)
[6] in the dorsal vagal nucleus, olfactory bulb, midbrain and neostriatum. Lewy
bodies are also widely present in the spinal cord, sympathetic ganglia, parasympa-
thetic nervous system and enteric nervous system accounting for common gastroin-
testinal premotor symptoms such as slowing of gastrointestinal motility inducing
dyspepsia, oesophageal achalasia and constipation [7, 38]. The presence of Lewy
bodies in the submandibular gland and the related sympathetic and parasympathetic
structures might explain the reduced salivary secretion in early stages of
PD. Constipation is much more frequent in PD patients than in the healthy popula-
tion [22], and people suffering of constipation have a 3.3- to 4.2-fold risk of devel-
oping PD [29]. Almost 90% of PD patients suffer of constipation, frequently
worsening with disease progression [14]. Reduced gastric emptying is also present,
causing upper gastrointestinal symptoms, but also interfering with optimal absorp-
tion of levodopa and consequently with optimal therapy efficacy and worsening
levodopa long-term side effects such as fluctuations [32].
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Dopaminergic medications can also produce gastrointestinal side effects, such as
reduced gastrointestinal motility, whereas subthalamic nucleus-deep brain stimula-
tion (STN-DBS) has been reported to improve gastrointestinal PD symptoms, such
as delayed gastric emptying [32].

In MSA filamentous a-synuclein glial cytoplasmic inclusions (GCls) are widely
distributed. Massive autonomic dysfunction characterises these neurodegenerative
diseases such as MSA and PAF including dysphagia and anal incontinence.

Gastrointestinal dysfunction may also be present in patients with AD and related
tauopathies such as progressive supranuclear palsy (PSP) and corticobasal degen-
eration (CBD). These features likely reflect deposition of tau-positive neurofibril-
lary tangles (NFTs) in autonomic areas of the brain and spinal cord. Comorbid
Lewy body pathology may also contribute to gastrointestinal dysfunction in
Alzheimer’s disease (AD). No NFTs have been reported in the myenteric plexus.

6.2.2 Gastrointestinal Autonomic Dysfunction in Peripheral
Autonomic Neuropathies

Sympathetic and parasympathetic autonomic nerves (ANS) are constituted of small
myelinated and unmyelinated fibres, the latter being predominant (about 80%).
Most metabolic, hereditary, autoimmune, paraneoplastic and toxic neuropathies
involve autonomic nerve fibres and may cause gastrointestinal autonomic
dysfunction.

Among the metabolic neuropathies, the diabetic neuropathy is the most com-
mon. Hyperglycaemia increases apoptosis-activating ATP-sensitive K+-channels
leading to loss of enteric neurons within myenteric and submucosal plexus, sympa-
thetic ganglia and vagus nucleus, as well as of interstitial cells of Cajal (ICC). Other
pathogenetic mechanisms of neuronal damage in diabetes mellitus (DM) involve
decreased neuronal growth factor, increased circulating free fatty acids, altered
transforming growth factor beta and decreased antioxidants such as glutathione
[50]. Also reduced blood circulation and autoimmune/inflammatory response may
play a role in neural damage.

Denervation mainly involves sympathetic nerve terminals, which have the func-
tion of reducing gut motility, and parasympathetic excitatory nerves being at least at
the beginning spared from damage. Loss of ICC is associated with impaired relax-
ation of gastric fundus and the absence of slow-phase peristaltic movements.
Delayed gastric emptying and increased distal retention lead to gastroesophageal
reflux, early satiety sensation, gastric pain and vomiting [23, 39, 50]. Symptomatic
gastroparesis is a rare complication of diabetic neuropathy accounting for 4.8% in
type 1 diabetes and 1% in type 2 diabetes. The decrease of NO release from vagal
efferent fibres and of the enzyme responsible for its generation, nNOS, has been
postulated to play an important role in pathogenesis of delayed gastric
emptying [21].

Reduced gut movements produce bacterial overgrowth and diarrhoea, which,
together with faecal incontinence, is a common symptom of diabetic neuropathy.
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Other mechanisms potentially accounting for diarrhoea include the presence of
accelerated intestinal transit as suggested by some animal models [50].

Hereditary sensory and autonomic neuropathies (HSAN) represent a group of
rare disorders characterised by degeneration of peripheral sensory and autonomic
neurons leading to variable sensory and autonomic symptoms. HSAN type 3 is the
disorder which shows most autonomic symptoms. HSAN 3, also known as Riley-
Day syndrome or familiar dysautonomia, is a rare autosomic recessive disorder
affecting principally Ashkenazi Jews. It is due to a mutation on chromosome 9q
leading to depletion of IKAP/EPL1 protein which affects cell motility [45]. This
genetic mutation results in a marked depletion of small C-fibres in the sensory and
autonomic nervous system which can be demonstrated in the skin and on peripheral
blood vessels. Children develop early and severe symptoms such as sensory loss
(with frequent trauma and self-mutilation as consequence), the absence of tears,
swallowing difficulties, pneumonia, orthostatic blood pressure dysregulation, auto-
nomic crises with vomiting and gastrointestinal dysmotility. Oropharyngeal prob-
lems occur early in children with HSAN 3 which present with poor sucking,
swallowing difficulties and consequent drooling. Vomiting can occur daily in
response to physical or emotional stress [42].

Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is an autoso-
mal recessive disease caused by mutations of the gene encoding thymidine phos-
phorylase. External ophthalmoplegia, gastrointestinal motility disorders, peripheral
neuropathy and leukoencephalopathy are the main characteristics of this disease.
Patients are often cachectic and suffer neuropathic pain [41].

Idiopathic, postinfectious or paraneoplastic autoimmune neuropathies can cause
acute or subacute autonomic failures, including severe gastrointestinal dysmotility
or pseudo-obstruction. Symptoms, such as vomiting, abdominal pain and constipa-
tion, are similar to those occurring due to mechanical obstruction. Oesophageal
dysmotility (including achalasia) may also be present. Gastrointestinal hypermotil-
ity may occur in autoimmune dysautonomias. The term autoimmune gastrointesti-
nal dysmotility (AGID) is generally accepted to indicate gastrointestinal
manifestations of autoimmune autonomic neuropathies. In paraneoplastic disorders,
dysautonomia can occur as isolated disorder or in combination with other neuro-
logical findings, such as sensorimotor polyneuropathies, cerebellar disorders and
limbic encephalitis.

6.2.3 Gastrointestinal Autonomic Dysfunction in Infections:
Chagas Disease

Autonomic dysfunction of gastrointestinal tract can occur in case of a parasite infec-
tion, the so-called American trypanosomiasis or Chagas disease, which is caused by
the flagellate protozoan Trypanosoma cruzi [43]. The chronic form has a variable
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course, 60% of individuals are asymptomatic and 20-40% of affected people pres-
ent cardiomyopathy or gastrointestinal dysautonomia.

6.3  Therapy of Gastrointestinal Autonomic Dysfunction
Non-pharmacological treatment of gastrointestinal dysmotility includes dietary
measures. Patients should avoid excessive food intake and instead eat small frequent
meals, chew their food well and avoid fibre and fats. The judicious use of some
drugs which affects gastrointestinal motility such as anticholinergics and opiates is
also recommended.

In general, symptomatic therapies of gastrointestinal autonomic dysfunction
include antidopaminergic agents, cholinesterase inhibitors and drugs which improve
gastrointestinal motility, such as erythromycin or serotoninergic agents (i.e. the
selective 5-HT4 receptor agonists prucalopride or mosapride), antiemetics and laxa-
tives. Simple analgetics may be useful in the treatment of abdominal pain (see
Table 6.1).

Table 6.1 Symptomatic treatment of gastrointestinal autonomic symptoms

Drug Doses Action Side effects
Prokinetics | Metoclopramide 10 mg/3x Antidopaminergic Drowsiness,
(central and fatigue,
peripheral) extrapyramidal
effects
Itopride 50 mg/3x Antidopaminergic Abdominal
(peripheral), pain and
acetylcholinesterase | diarrhoea
inhibitor
Domperidone 10 mg/3x Antidopaminergic Dizziness, dry
(peripheral) mouth,
nervousness
Prucalopride 2-4 mg/1x Selective 5-HT4 Headache,
receptor agonists nausea,
abdominal
cramps and
diarrhoea
Lubiprostone 24 mg/2x Activates type-2 Nausea,
chloride channels diarrhoea,
abdominal pain
Linaclotide 195/290 Activates guanylate | Diarrhoea
meg/x1 cyclase C
Macrolide antibiotics | 250-500- Motilin agonists Antimicrobial
(erythromycin) mg/x2 effect

(continued)
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Table 6.1 (continued)

Drug Doses Action Side effects
Antiemetics | Prochlorperazine 5-10 mg Antidopaminergic, | Extrapyramidal
anticholinergic effects
(central)
Ondansetron and 8 mg 5-HT3 antagonists | Diarrhoea or
granisetron constipation,
headache,
drowsiness,
fatigue
THC 5-10 CB1 and CB2 Unsteadiness,
(tetrahydrocannabinol) | mg/x2-3 receptor agonist in | dizziness,
the CNS drowsiness,
confusion
Diphenhydramine 50 mg/x1-3 HI receptor Sedation,
agonists, drowsiness,
antimuscarinic increased heart
rate, urinary
retention
Analgetics | Gabapentin 300-800 GABA receptor Dizziness,
mg/x3 agonist fatigue
Pregabalin 75-150 GABA analogue Dizziness,
mg/x2-3 fatigue
Oxycodone 1040 mg/day | p-Opioid receptor OIBD,
antagonist dependence,
addiction
Naloxone 1040 p-Opioid receptor OIBD,
mg/day antagonists dependence,
addiction
Tricyclic Dose depends | Serotonin- Dry mouth,
antidepressants on norepinephrine urinary
formulation reuptake inhibitors | retention,
constipation,
cognitive
impairment
Laxatives Saccharin, lactulose, Dose depends | Osmotic activity Abdominal
sorbitol macrogol, on distention and
polyethylene glycol formulation pain, diarrhoea,

3350, magnesium
hydroxide, sodium
biphosphate

dehydration

The dopamine receptor antagonist metoclopramide is used in case of gas-
troparesis [1]. It has both a peripheral (in the upper gastrointestinal tract) and a
central effect. Being an inhibitor of CYP2D6, enzyme 45 should not be used in
combination with antidepressants such as tricyclics, selective serotonin reuptake
inhibitors and antidepressants acting as serotonin-noradrenalin reuptake inhibitors
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(venlafaxine or duloxetine), which could increase the risk of extrapyramidal side
effects. Drowsiness and fatigue represent the most common side effects of meto-
clopramide. Due to possible extrapyramidal effects, it should be avoided as a long-
term treatment in patients with extrapyramidal diseases and in younger patients
and children [27].

Itopride is a peripheral antidopaminergic drug that also increases acetylcholine
levels due to acetylcholinesterase inhibition and can be used as prokinetic agent. It
is metabolised through a mono-oxidase system, and it can be used relatively safely
with other drugs such as antidepressants. Due to its exclusive peripheral antidopa-
minergic effects, itopride can be used also in patients with extrapyramidal diseases
(i.e. PD) [27].

Domperidone, a dopaminergic receptor D-2 antagonist which does not cross the
blood-brain barrier, is very useful to accelerate gastric emptying and represents the
first-choice treatment for delayed gastric emptying, nausea and vomiting in PD or
MSA patients [40].

The use of macrolide antibiotics may be considered in improving gastrointestinal
dysmotility accelerating, such as motilin agonists, the MMC (migrating motor com-
plex). Their chronic use is however limited due to the contemporary antimicrobial
effect [25, 32].

Prucalopride and mosapride such as selective 5-HT4 receptor agonists; lubipro-
stone, which activates type-2 chloride channels; and linaclotide which activates
guanylate cyclase C represent newer prokinetic drugs [9, 27].

Some prokinetic agents, such as the gastric-derived hormone ghrelin, ghrelin
agonists and motilin, represent interesting treatment options for reduced gastric
motility in diabetic neuropathies and PD. Some of these drugs are available only for
study purposes, and controlled studies are needed to further evaluate the safety and
efficacy of these medications [34, 46].

Linaclotide is a prokinetic drug that modulates chloride secretion of the intesti-
nal epithelial cells through activation of guanylate cyclase C. Linaclotide improves
defaecation by stimulating GI secretion and motility, increasing stool frequency as
well as stool weight. The main adverse event of linaclotide is diarrhoea [35].
Linaclotide can be used for chronic constipation and may be useful also in case of
opioid-induced bowel dysfunction (OIBD) [9, 27].

Phenothiazines such as prochlorperazine are potent neuroleptics and commonly
utilised as therapy for nausea and vomiting. The antiemetic effect is due to the cen-
tral action on dopaminergic and cholinergic receptors; however, their use is limited
due to a potential risk of extrapyramidal side effects. Other antiemetic drugs include
the 5-HT3 antagonists ondansetron and granisetron, cannabinoids, opioid agonists,
benzodiazepines and H1 receptor agonists, such as diphenhydramine.

Laxatives can be used in patients with chronic constipation although their side
effects such as dehydration and intestinal occlusion have to be considered [18, 24].
The most commonly used group of laxatives comprises osmotic agents such as lact-
ulose, sorbitol, macrogol, polyethylene glycol 3350, magnesium and sodium salts
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or detergents that increase GI secretion and decrease surface tension, such as docu-
sate and stimulants like sennosides and bisacodyl that promote gastrointestinal
motility [27].

In case of chronic abdominal pain, antineuralgic therapy with gabapentin and
pregabalin, also in combination with tricyclic and tetracyclic antidepressants, may
be helpful. Other analgetic drugs including weak opiates, such as naloxone and
oxycodone, should be used very sparsely and only in refractory cases due to their
gastrointestinal side effects such as opioid-induced bowel dysfunction (OIBD) and
physical dependence and addiction [27].

In severe cases of pseudo-obstruction and ileus, surgical procedures may be nec-
essary. Gastric electric stimulation is an effective treatment in severe cases of gas-
troparesis and drug-refractory vomiting [20].

Intrapyloric injection of botulinum toxin injection in some case of pylorospasm
has been reported as efficacious in some open-label studies. Controlled trials have
not confirmed this improvement [16, 19].

AGID (autoimmune gastrointestinal dysmotility) due to postinfectious dysauto-
nomia is usually self-limited and requires symptomatic treatment only in the acute
phase. Other forms of AGID (i.e. paraneoplastic or as manifestation of an idiopathic
autoimmune disorder) may require immunotherapy with intravenous immune glob-
ulin (IVIG) or methylprednisolone (IVMP), especially if neural-specific immuno-
globulins are detected in serum, although data regarding efficacy of this therapy are
controversial. In case of a good response, long-term maintenance immunotherapy
can be considered [15].

Two nitro-heterocyclic drugs currently represent the only treatment options for
Chagas disease: benznidazole and nifurtimox. However, these drugs provide a lot of
side effects, such as intolerance, allergic reactions and fever, being often very chal-
lenging to treat patients properly. Other effective drugs are currently needed, and at
the present, a few drug trials are ongoing [11].

In patients suffering of synucleinopathies (PD, MSA), domperidone and selec-
tive 5-HT4 receptor agonists (i.e. prucalopride, mosapride) represent useful drugs to
accelerate gastrointestinal motility especially in case of gastroparesis augmented by
L-dopa fluctuations [30, 47]. Improved gastric emptying increases L-dopa absorp-
tion and induces an improvement of motor symptoms. Interesting data of improved
gastrointestinal motility have been reported after subthalamic nucleus-deep brain
stimulation (STN-DBS) which represent an effective therapy option in selected PD
patients. STN-DBS may improve autonomic gastrointestinal dysmotility directly
due to the connections of STN and autonomic centres or indirectly due to the reduc-
tion of dopaminergic therapy after STN-DBS [2]. Further treatment options in PD
patients may be considered and include liquid levodopa formulations and parenteral
routes (e.g. rotigotine transdermal patch, subcutaneous apomorphine, intrajejunal
levodopa infusion) [14].
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Case Report 1
A 64-year-old male patient with a history of Parkinson’s disease and disease
duration of 10 years complains about dysphagia and dyspepsia.

At neurological examination, a left-sided Parkinsonian syndrome with bra-
dykinesia, rigidity and classic pill-rolling tremor is present. Furthermore, gait
disturbances and bilaterally reduced arm swing are present. The patient
reports no further signs of autonomic dysfunction. Although the patient usu-
ally has a good levodopa response, he suffers from disabling motor
fluctuations.

Examinations to evaluate upper gastrointestinal symptoms include video-
fluoroscopy, which excludes oropharyngeal pathology. For the assessment of
oesophageal motility, barium swallow exam is performed and demonstrates
oesophageal dysmotility. Upper GI endoscopy, which is performed to rule out
ulcers and malignancy, shows food residue in a fasted stomach suggesting
gastric stasis. Therefore, gastric scintigraphy is conducted and confirms
delayed gastric emptying.

Because of impairment of oesophageal and gastric motility, which leads to
reduced absorption of levodopa and worsening of levodopa long-term side
effects, subcutaneous apomorphine is recommended and provides improve-
ment of motor symptoms.

Case Report 2

A 30-year-old woman is examined because of abdominal pain, weight loss,
intractable obstipation and vomiting. The patient is cachectic and physically
weakened because food ingestion is nearly impossible.

Medical history taking reveals gastrointestinal symptoms for 10 years.
Additionally, the patient suffers from multidomain autonomic failure includ-
ing urinary retention, recurrent syncope, hypohidrosis, sicca syndrome and
Raynaud’s phenomenon. Extensive examinations including autonomic func-
tion testing and immunological laboratory have been conducted and have
ruled out other immunological disorders.

Broad examination of proximal and distal gastrointestinal tract con-
firms gastroparesis and severe colonic motility dysfunction but shows nor-
mal duodeno-cecal transit time. In the course of the disease, the patient is
reliant on parenteral nutrition, and after double-barrel colostomy, she under-
goes subtotal colectomy because of persistent gastrointestinal dysfunc-
tion. Histopathological examination reveals segmental hypogangliosis and
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T-lymphocytic ganglionitis. The patient is given immunosuppressive therapy,
which immediately leads to improvement of gastrointestinal symptoms.
Autoimmune autonomic ganglionopathy (AAG) is suspected, but screening
for antibodies to the ganglionic nicotinic acetylcholine receptor is negative.
Despite negative ganglionic nicotinic acetylcholine antibodies, which are
found in only 50% of patients with AAG, clinical presentation and response
to immunosuppressive therapy indicate the presence of AAG. The patient
receives steroid therapy and tacrolimus stabilising the clinical disease course.
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7.1 Case Introduction

In March, a 63-year-old accountant wanted to ride his motorbike from a shed, where
he kept it in winter times, to his house to prepare it for the new season. Since this
was only some 150 meters, he did not care to wear a helmet. After riding about half
of the distance, he pulled the gas not noticing that the concrete at this very spot was
covered with some gravel from winter times. His family heard a short revving of his
engine, followed by crash noise, and immediately came to help. When paramedics
arrived, he had Glasgow Coma Scale of 9, continuously worsening. Paramedics
requested an air-bound emergency doctor transport to the hospital. Due to his dimin-
ishing consciousness, he was intubated before the helicopter left the site.
Emergency trauma room CT revealed a basal skull fracture, temporal right con-
trecoup hemorrhage, right subdural hematoma, and subarachnoidal hematoma
(Fig. 7.1a). An intracranial transducer was placed; opening intracranial pressure

Fig.7.1 (a) Admission CT scan showing temporal right contrecoup hemorrhage, right subdural
hematoma, subarachnoidal hematoma, and basal skull fracture. (b) Autonomic monitoring day 1:
fluctuations of heart rate, blood pressure according to intracranial pressure fluctuations. Upper
trace (white) heart rate, lower trace (red) systolic and diastolic blood pressure. (¢) Autonomic
monitoring day 3: increased frequency of fluctuations. Upper trace (white) heart rate, lower trace
(red) systolic and diastolic blood pressure
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was 22 mmHg. Through intensive care management, the intracranial pressure
could be controlled, but autonomic monitoring revealed severe fluctuations of
heart rate and blood pressure, occurring at the very moment of intracranial pres-
sure fluctuations (Fig. 7.1b). The frequency of fluctuations increased (Fig. 7.1c).
On day 3, MRI revealed an additional left frontal coup hemorrhage. On day 5 the
patient suffered cardiac arrest. Despite prolonged cardiopulmonary resuscitation
at the intensive care ward, a sufficient circulation could not be restored, and the
patient died.

7.1.1 Introduction

One of the most dangerous expressions of autonomic disease is autonomic hyperac-
tivity, usually caused by a profound sympathetic increase.

Causes of autonomic hyperactivity include acute intracranial lesions (e.g., severe
head trauma, hemorrhage, brain stem lesions) [1], spinal cord lesions causing auto-
nomic dysreflexia, peripheral neuropathies (e.g., Guillain-Barré), drugs (intoxica-
tions), and alcohol withdrawal [2].

Features of autonomic hyperactivity

Fluctuations in

* Blood pressure

e Heart rate

e Respiratory function

* Body temperature
May include

* Agitation

* Sweating

* Flushing

* Piloerection

e Pupillary dilatation

*  Muscle tone increase

Autonomic hyperactivity may mount in severe complications.

Parasympathetic increase, especially acute loss of modulation, might also cause
severe or even life-threatening complications (hypotonia or bradycardia, paralytic
ileus, or bladder dysfunction). They are much less common but occur in, e.g.,
patients suffering autonomic dysreflexia or generalized seizures.

Consequences of autonomic hyperactivities are baroreceptor reflex failure, heart
rate fluctuations, ECG changes (see Fig. 7.1b, ¢), cardiac arrhythmias, blood pres-
sure disturbances, chemoreceptor reflex failure, and respiratory complications in
variable degrees. The most severe of these complications is the collapse of the car-
diovascular function. Apart from measuring blood pressure, heart rate, and oxygen-
ation, blood flow might be already evaluated at bedside (skin color, skin temperature).
During intensive care monitoring, invasive circulation measurements are needed.
Provocation factors should be avoided.
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Provocative factors/triggers

* Pain including intestinal pain during bowel movement and body manipula-
tion during nursing

e Tracheal suctioning

e Catheterization

* Bladder distention

e Pressure on the carotid sinus

* Eyeball pressure

* Loud and sudden noise

Autonomic hyperactivity needs urgent attention in identifying the lesion site and
monitoring the patient.

7.2  Diagnosing Autonomic Involvement

In contrast to autonomic tests presented in Chaps. 2, 3, and 4, autonomic standard
investigations are rarely accessible at an intensive care or critical care units.
However, these patients are monitored, and several biosignals are of great help in
hinting to autonomic disorders.

7.2.1 ECG]I3]

The heart frequency is an important biomarker of autonomic dysfunction in inten-
sive care patients. Tachycardia, bradycardia, or arrhythmia indicates sympathetic or
parasympathetic overactivity (see Table 7.1). In addition, autonomic innervation of
the heart leads to altered ECG morphologies. These include prolonged PQ and QT
interval, T wave, and ST and U interval morphologies.

Table 7.1 Typical symptoms and causes of autonomic hyperactivity syndromes

Syndrome

Symptoms

Possible causes

Increased sympathetic
drive

Hypertension, arrhythmia, ECG
changes, hyperhidrosis

SAH, ICH, stroke

Sympathetic Hypotension, orthostatic Acute lesion cervical spinal
deafferenciation intolerance, bradycardia, anhidrosis | cord

Increased Bradycardia, reflex asystole, GBS, brain stem lesion, side
parasympathetic drive | hypersalivation, diarrhea effect of cholinergic drugs
Parasympathetic Tachycardia, intestinal atonia, dry GBS, side effect of
deafferenciation mouth, dry eyes anticholinergic drugs

Complete autonomic
deafferenciation

Hhypotonia, orthostatic intolerance,
autonomic atonia

GBS, pandysautonomia, brain
death

Changing vegetative
states

Symptom oscillations from
increased sympathetic to
parasympathetic drive

GBS, tetanus

Intracranial pressure

Hypertension, bradycardia

ICH, cerebral edema, SDH

Adapted from Autonome Storungen et al. [3]
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7.2.1.1 Blood Pressure

As discussed in Chaps. 1 and 3, the sympathetic nervous system regulates the
arterial vessel constriction. Blood pressure is therefore a strong marker for sympa-
thetic innervation in intensive care patients. This biomarker is best monitored “beat
to beat” employing an arterial catheter. In patients with autonomic dysfunction,
blood pressure trends might be valuable to monitor autonomic dysfunction.

7.2.1.2 General Management Considerations

Patients with autonomic hyperactivity should be managed at critical care wards
including basic monitoring of ECG, temperature, respiratory frequency, continuous
blood pressure, fluid balance (eventually invasive), and blood oxygenation.

As soon as the patient is initially stabilized, elaborate evaluation of the condition
causing autonomic hyperactivity is necessary to initiate optimal treatment. Pursuing
an approach as presented in Table 7.1 might prove valuable to derive an etiologic
differential diagnosis.

Even if the condition is already well established at the onset of autonomic hyper-
activity (e.g., head trauma, intracranial hemorrhage), reevaluation is mandatory, to
exclude secondary complications such as hydrocephalus, drug effects, seizures,
increasing brain edema, systemic inflammatory response syndrome (SIRS), or mul-
tiple organ dysfunction syndrome.

General management considerations include concise fluid management to main-
tain euvolemic conditions, exclusion or early treatment of infection, sufficient anal-
gesia or analgosedation if necessary, and focused attention to triggering factors.

7.3  Syndromes
7.3.1 Sympathetic Hyperactivity

* Autonomic storm is considered in patients suffering extensive activation of the
sympathetic nervous system. This activation might have three different
pathophysiological mechanisms: sympathoadrenal discharge, Cushing’s
response, and end diencephalic “seizures.”

» Typical signs of sympathoadrenal discharge are hypertension, tachycardia,
increased cardiac output, and decreased vascular resistance. Autonomic hyperac-
tivity is caused by increased sympathetic nerve activity due to severe CNS
lesions, either with sympathetic neural discharge or excessive adrenal activity.

* Cushing’s response on the contrary shows hypertension but bradycardia as well
as slow irregular breathing. Causes are acute distortion of the lower brain stem or
cerebral hematomas.

* Diencephalic “seizures” are characterized by acute hypertension, tachycardia,
pupillary dilatation, and often extensive sweating. The pathophysiology is
unclear; there is no convincing evidence for epileptic discharge. Causes might
be closed head injuries resulting in a decorticate state or widespread axonal
injury.
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7.3.2 Specific Syndromes

7.3.2.1 Head Trauma

Paroxysmal sympathetic hyperactivity is a regular complication of head trauma
patients. Disconnections involving the posterior corpus callosum and posterior limb
of the internal capsule may play a role in the pathogenesis [4]. Paroxysms often start
5-7 days after injury, eventually starting earlier, and follow a regular pattern for
several times a day. Diagnosis might be achievable quite early [5]. Each episode
may last from less than 1 h to 10 h. It might be present from 1 week to several
months. The diagnosis of paroxysmal sympathetic hyperactivity was proposed if
four of six criteria are present in the absence of other potential causes [6]:

1. Fever (higher than 38.3 °C)

2. Tachycardia (heart rate more than 120 beats per minute or more than 100 beats
per minute if the patient is treated with beta-blocker)

3. Hypertension (systolic blood pressure higher than 160 mmHg or pulse pressure
higher than 80 mmHg)

4. Tachypnea (respiratory rate over 30 breaths per minute)

. Excessive diaphoresis

6. Extensor posturing of extremitiesor severe dystonia

91

Infection needs to be excluded as well as epileptiform activity in EEG.
In addition to the management as presented later, morphine sulfate is effective to
abort ongoing paroxysms.

7.3.2.2 Subarachnoid Hemorrhage

Profound sympathoexcitation is a common finding in subarachnoid hemorrhage [7].
ECG changes may occur, including elevation or depression of the ST segment,
inverted or biphasic T waves, QTc prolongation, and even Q waves (see Fig. 7.2a—¢).
Troponin and creatine kinase might be increased. Abnormalities resolve within
1-4 days, whereas echocardiographic akinesia or hypokinesia might be present for
weeks. Tachyarrhythmias are common.

Massive release of norepinephrine leads to myocardial damage, leading to sub-
endocardial contraction band necrosis. Coronary artery disease is typically not pres-
ent (see Fig. 7.2f). Neurogenic pulmonary edema might occur but might also be
caused by vascular congestion.

7.3.3 Ischemic Insular Stroke

Strokes within the insular region can trigger excessive sympathetic activity, mount-
ing in myocytolysis and arrhythmogenicity [8]. The lateralization was discussed,
but similar complications are caused by strokes regardless of the side. Even more
parietal lobe infarctions were identified as an increased risk for cardiac death and
myocardial infarction [9, 10].
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Fig.7.2 (a—c) CT scan of a patient suffering severe traumatic subarachnoid hemorrhage and sub-
dural frontal hematoma (dominated on the right side): (a) admission, (b) 6 h after admission, (c) 4d
after admission. (d—e) ECG: admission (d) and day 5 (e). (f) Coronary angiography 63 minutes after
detection of ECG changes, (e) no impeded coronary artery blood flow, no coronary artery disease
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Fig.7.2 (continued)

7.4 Management

Hypertension may be controlled by agents blocking sympathetic action. Alpha-
blocker urapidil is valuable to sufficiently control blood pressure, eventually added
by beta-blocking agents (e.g., metoprolol, labetalol, esmolol) or agents reducing
central sympathetic outflow (clonidine). All those agents are given intravenously
but clonidine, which is administered enterally to avoid the initial hypertensive
response. Any medication that can increase intracranial pressure (calcium channel
blockers, many vasodilators) is contraindicated. Avoid initially any long-acting oral
medication as severe blood pressure fluctuations might occur. Reduce external and
internal stimuli (pain, loud noises, endotracheal suctioning, or constipation).

Cardiac complications might be prevented by frequent electrolyte screening and
early potassium and magnesium replacement if necessary. Sinus tachycardia some-
times might need treatment by beta-blockers as listed above. Cardiac arrhythmias
should be treated as recommended in cardiologic guidelines. Atrial fibrillation or
flutter may be treated with diltiazem or verapamil or digoxin loading, the latter
being given especially in older patients. Amiodarone might achieve pharmacologi-
cal cardioversion to sinus rhythm in atrial fibrillation but is demanded in sustained
ventricular tachycardia. Reflex bradycardia should be avoided. Persisting bradycar-
dia might be treated with atropine. Atrioventricular block second or third grade or
recurring asystoles demand placement of a cardiac pacemaker.

7.4.1 Neurogenic Pulmonary Edema
Sudden development makes neurogenic pulmonary edema dangerous. Pulmonary

venoconstriction and elevation of left-sided cardiovascular pressures might be contrib-
uting factors, as well as myocardial dysfunction. It might lead to profound hypoxemia.
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Management In contrast to cardiogenic pulmonary edema, neurogenic pulmonary
edema does not respond well to diuretics, if there is no cardiogenic component in
addition. It is best treated by positive end-expiratory pressure and adequate oxygen-
ation. It improves usually within 48 h, with resolution within 4-5 days.

7.4.2 Takotsubo Cardiomyopathy

Takotsubo syndrome is a cardiomyopathy mainly affecting the left ventricle [11].
Characteristic cardiac motion abnormalities are revealed in echocardiogram (tran-
sient hypokinesis, akinesis, or dyskinesis of the left ventricular midsegments with
or without apical involvement; regional wall motion abnormalities beyond a single
epicardial vascular distribution). There are no signs of coronary artery disease or
angiographic evidence of acute plaque rupture. ST segment elevation and/or T-wave
inversion in the electrocardiogram might mimic myocardial infarction; modest ele-
vation in cardiac troponin might occur [12]. In acute phase, left ventricular ejection
fraction might be severely reduced, and congested heart failure might be the conse-
quence. Complete resolution within 2—4 weeks is often observed.

Management Main management strategies are supportive. There is so far no con-
sensus on pharmacological treatment. Supportive treatment often leads to resolution
of the condition. In the initial phase, aspirin or other antiplatelet agents are usually
prescribed, although the benefit of this management is not clear. Cardiologic assis-
tance systems are sometimes needed.

7.4.3 Noninfectious Fever

Noninfectious fever should only be suspected in those patients, who have no other
causes of infection (including CNS). It occurs in direct lesions of the ventral hypo-
thalamic thermoregulation (e.g., SAH, traumatic brain injury, encephalitis) or auto-
nomic dysfunction in efferent projection to the sweat glands (GBS) or anticholinergic
medication.

This is usually only seen in ICU patients, especially with SAH [13].

Management Antipyretic medication, physical cooling, invasive temperature reg-
ulation, eventually blockade of muscle activity.

7.4.4 Complications of Drugs Acting on Dopamine Receptors:
Neuroleptic Malignant Syndrome

Neuroleptic malignant syndrome is caused by D2 dopaminergic receptor blockade
by psychiatric medication or sudden withdrawal of dopaminergic agonists in
Parkinson’s disease patients. Patients therefore have a psychiatric or movement dis-
order history. The risk to develop neuroleptic malignant syndrome is higher in
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treatment with high-potency antipsychotics (e.g., haloperidol), or antiemetics
(metoclopramide), also in atypical antipsychotic drugs (e.g., clozapine, olanzapine,
risperidone, quetiapine, etc.) [2, 14]. Around 80% of the patients are under the age
of 40, and males are twice as often affected as females. Patients with Lewy body
disease might develop neuroleptic malignant syndrome at low antipsychotic doses
already. Signs include tachycardia, labile blood pressure, hypersalivation, excessive
sweating, fluctuations in the level of consciousness, pyrexia, and severe muscle
rigidity. Laboratory evaluations show leukocytosis and elevated creatine kinase lev-
els due to rhabdomyolysis.

Management Discontinue all antipsychotic medications, and possibly antidepres-
sants, and lithium. Control body temperature by extra- or intracorporeal cooling,
and monitor creatine phosphate kinase daily. Hypertension might respond to cloni-
dine, and dantrolene or amantadine might be considered to control muscle tonus.
Eventually muscle relaxants are needed such as dantrolene, although conflicting
reports exist on the benefit of dantrolene. Benzodiazepine use had been reported,
mainly to facilitate muscle relaxation.

7.4.5 Complications of Drugs Acting on Serotonin Receptors:
Serotonin Syndrome

Symptoms are dose related and occur after administration of single or a combina-
tion of drugs acting on the serotonin receptors, particularly 5-HT2a (serotonin reup-
take inhibitors like fluoxetine, paroxetine, sertraline, citalopram, etc.); 5-Htl
agonists (e.g., triptans); monoamine oxidase inhibitors; opioids, valproate, lithium,
antiemetic agents (metoclopramide, ondansetron), and cyclobenzaprine; and a num-
ber of drugs such as LSD and ecstasy [2]. Patients usually present in altered mental
state (agitation, excitement, confusion) and show excessive profuse sweating,
pyrexia, mydriasis, tachycardia, and tachypnea. Neuromuscular hyperactivity
including tremor, clonus, myoclonus, and hyperreflexia might be present. Symptoms
develop rapidly in 60% within 6 h of medication initiation, change in dosage, or
overdosage [14]. In contrast to neuroleptic malignant syndrome in addition to clo-
nus, diarrhea or hyperactive bowel sounds are typical symptoms.

Management Discontinue all serotoninergic medication. Control body temperature
by extra- or intracorporeal cooling. Benzodiazepines might be beneficial for neuropsy-
chiatric signs; eventually consider cyproheptadine, which acts as 5-HT?2 antagonist.

7.4.6 Alcohol Withdrawal

Alcohol withdrawal may cause delirium tremens. Symptoms include confusion,
anxiety, insomnia, tremor, hallucinations, and fluctuating psychomotor activity and
usually appear 2 or 3 days after cessation of drinking. Sympathetic hyperactivity
with hypertension, tachycardia, fever, diaphoresis, and flushing occurs [15].
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Management Main treatment options are benzodiazepines, such as lorazepam.
Dose should be individualized based on the symptoms. In severe cases, sedation at
an intensive care unit is required.

7.4.7 Spinal Lesion: Acute Phase

In acute phase of spinal lesions, patients might suffer spinal shock with autonomic
consequences.

Neurogenic shock is observed rather in higher lesions (20% of cervical, 3% of
lumbar lesions); signs are reduced blood pressure and reduced heart rate.

Management Prevent vagal stimulation; prevent hypotonia (might lead to addi-
tional ischemia of the myelon); support therapy of bladder, gastric, or bowel
atonia.

7.4.8 Spinal Lesion: Autonomic Dysreflexia

Autonomic dysreflexia in chronic stage of a spinal lesion is caused by reorganization
of the spinal cord. It develops a month or more after the spinal lesion occurred.
Determinants are the severity of the spinal lesion (incomplete or complete) and the
level of the lesion, especially in relation to the major sympathetic outflow in lesions
above T6. Potential stimuli, e.g., bladder and colonic distention, might induce auto-
nomic activation: sympathetic activation below the level of spinal lesion with vaso-
constriction (evident as dry, pale skin) and increased blood pressure. Secondary
baroreceptor-mediated parasympathetic response above the lesion results in profuse
sweating, piloerection, flushing, and bradycardia. These activations are mild to life
threatening.

Management Prevent stimuli (especially the bladder); in acute hypertension,
introduce blood pressure control: e.g., glyceryl trinitrate and nifedipine. In some
patients, local anesthetics to the bladder might be considered.

7.4.9 Immune-Mediated Neuropathies: AIDP

In AIDP a number of autonomic complications are encountered. A sensitive early
marker for autonomic complications is autonomic sinus tachycardia (> 100 /min).
Persistent hypertension is common, likely based on reduced baroreflex function due
to afferent neuropathy. Labile blood pressure (> 85 mmHg blood pressure fluctua-
tion within a day systolic) is a prognostic marker for severe bradycardia [16].
Bradycardia occurs spontaneously or on vagal stimulation. Sudomotor changes are
common with increased but also decreased sweating, often regional.
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Management Patient with autonomic signs of AIDP have to be monitored.
Hypertension should be treated only if sustained or secondary complications are
present, due to the danger of labile blood pressure and severe hypotension.
Tachyarrhythmias or vagally induced bradycardia might complicate the course.
Eventually a pacemaker is needed. Bladder dysfunction and adynamic ileus are fre-
quent complications.

Take home messages

Autonomic hyperactivities are severe life-threatening conditions, which require
intensive management. Treatment is mainly symptomatic, eventually supported
with a variable degree of sedation and stimulus deprivation. Stabilization of
blood pressure, heart rate, and temperature is a challenge in these patients.
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8.1 Introduction

Sleep is regulated by brainstem and diencephalic structures interconnected with the
autonomic nervous system (ANS) [1].

Sleep is associated with changes in ANS activity, and disorders of the ANS, in
turn, affect vital functions during sleep. As a consequence of this interconnection,
several neurologic disorders manifest with both autonomic dysfunctions and
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sleep disturbances, and sleep disorders [2] may be associated with or cause
autonomic dysfunctions.

In particular disorders of cardiovascular and respiratory autonomic control dur-
ing sleep have a negative prognostic role as they are associated with elevated risk of
end-organ injury, to the heart, brain, and kidney [2, 3]. Therefore, an early detection
of these disorders is mandatory to positively influence the disease course, guiding
the appropriate therapy and risk factors’ control.

This chapter describes sleep disorders [2-6] in which sleep disturbances and
autonomic dysfunction develop following a common pathophysiological pathway
(i.e., obstructive sleep apnea syndrome (OSAS) and narcolepsy type 1 (NT1)).
Afterward, sudden unexpected death in epilepsy will be discussed as an example of
disorders of cardiovascular and respiratory control during sleep associated with
other neurological conditions.

For pathophysiology refer to Sect. 1.2.4.

8.2  Patient’s History

A carefully history taking, assessing sleep disturbances including a detailed history
of sleep habits, sleeps hygiene, and subjective sleep complaints, taken from the
patient and his/her bed partner or caregiver is mandatory [5]. Additionally, assessing
symptoms and signs of autonomic dysfunction and patient’s comorbid illnesses and
complete medical, family, and psychiatric history is valuable. Several clinical ques-
tionnaires could be used for the evaluation of both relevant autonomic and sleep
symptoms and in order to assess the severity and distribution of symptoms [7].
Some useful questions may be found in Table 8.1. Furthermore, a detailed physical
examination including the detection of BP response to upright posture is necessary
when an autonomic dysfunction is suspected [8].
See for reference Sect. 2.2.5.

8.2.1 Diagnostic Workup

The gold standard for the diagnosis of a sleep disorder is polysomnography. This
procedure allows the evaluation of multiple parameters and helps to assess cardio-
vascular and respiratory dysfunction of the autonomic control during sleep.

If a dysfunction of the autonomic control of the cardiovascular and respiratory
system during sleep is suspected, the evaluation of 24-h BP profile could be made
through 24-h ambulatory BP monitoring. This noninvasive technique could be

Table 8.1 Questions to interrogate sleep disorders

1. Have sleep habits changed? Duration, quality, onset of sleep, sleep interruptions, and
nightmares?

2. Daytime sleepiness? Particularly in the morning? Afternoon naps?

3. Increase in blood pressure in the morning?

4. Questions for bed partner: Activity during sleep? Snoring?
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useful to evaluate dipping profile at home during nighttime, but it is not conclusive
because this procedure allows the evaluation of a single parameter only (Table 8.2,
Fig. 8.1). If cardiorespiratory sleep disturbances are suspected, home testing with
portable monitors (out-of-center sleep testing, OCST) is a well-accepted procedure.
It is comfortable, reliable, and cost-effective. Airflow, respiratory effort, blood oxy-
genation (SpO2), and HR should be recorded (Table 8.2).

If an impairment of the autonomic control of the cardiovascular system is sus-
pected, cardiovascular reflex tests should be performed, as described in Chap. 3.1 in

detail [9-11].

Table 8.2 Laboratory assessment

Test

Outcome

Meaning

Cardiovascular

Head-up tilt

No change in BP

Detection of OH

Increased HR

Integrity of cardiac parasympathetic
innervation

Valsalva maneuver

Normal changes in BP
and HR

Integrity of baroreflex and cardiac
parasympathetic innervation

Hyperventilation Normal HR increase Integrity of cardiac parasympathetic
innervation

Cold face Normal BP increase Integrity of sympathetic outflow

Hand grip Normal BP increase Integrity of sympathetic outflow

Mental exercise

Normal BP increase

Integrity of sympathetic outflow

MIBG

Normal cardiac
sympathetic innervation

Central lesion (as in normal subjects
and MSA)

Impaired cardiac
sympathetic innervation

Distal impairment (as in PD, PAF,
DLB)

24-h BP monitoring

>10% decrease in BP
during sleep

Normal reduction in BP during sleep
dipper pattern

<10% decrease in BP
during sleep

Loss of normal reduction in BP
during sleep

Non-dipper pattern

Imbalance of sympathetic versus
parasympathetic activity

Respiratory
Cardiorespiratory Sleep breathing Detection of sleep breathing
monitoring dysfunctions dysfunctions
Staging of severity of sleep breathing
dysfunctions
24-h videopolysomnography | Sleep pattern Impairment of sleep structure

Respiratory pattern

Detection of sleep breathing
dysfunctions

Blood pressure pattern
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8.3  Autonomic Disturbances and Sleep Disorders

8.3.1 Obstructive Sleep Apnea Syndrome Causing
Cardiovascular Autonomic Dysfunction

Obstructive sleep apnea syndrome (OSAS) is the most common sleep breathing
disorder with a prevalence of 2—4% in middle-aged population. According to the
International Classification of Sleep Disorders, patients with OSAS complain about
daytime sleepiness, non-restorative sleep, fatigue, or insomnia symptoms, including
irritability and altered cognitive performance, and wake up with breath holding,
gasping, or choking. In order to diagnose OSAS, the VPSG or the OCST should
demonstrate at least five predominantly obstructive events (obstructive and mixed
apneas, hypopneas, or respiratory effort-related arousal) per hour of sleep during a
VPSG or per hour of monitoring.

The clinical relevance of OSAS is related to its strong association with obesity,
hypertension, and increased cardiovascular risk [5, 6]. Recurrent apneas have three
main effects: hypoxia and hypercapnia due to alterations in gas exchange, sleep frag-
mentation with repetitive arousal, and finally modification of sympathetic activity,
with increased BP and HR. Although the pathophysiological factors linking OSAS
and cardiovascular risk are not completely understood, several evidences support the
hypothesis that sleep fragmentation and intermittent hypoxia during each apnoeic
event cause a chronic hyperactivation of the sympathetic nervous system during both
sleep and wakefulness. A further increase in sympathetic activity could be related to
the depression of spontaneous baroreflex sensitivity (BRS) as a consequence of the
arousal response. Furthermore, patients with OSAS may show a sinus brady-tachyar-
rhythmia during obstructive events, mediated by cyclical changes in parasympathetic
and sympathetic neural activity. Compared to controls, OSAS patients are character-
ized by a lower total HRV and a possible shift of the sympatho-vagal balance toward
a sympathetic predominance and a vagal withdrawal during wakefulness and sleep.

Undiagnosed sleep-disordered breathing might also play a role in the genesis of
BP pattern alterations of some, if not all, non-dippers or even inverse dippers with
essential hypertension (Fig. 8.1). This is more likely for male patients, since in the
adult population snoring and OSAS are of much higher prevalence among men than
women. Finally, tachyarrhythmia has been reported in patients with OSAS during
hypoxic episodes and can be eliminated by oxygenation.

8.3.2 Narcolepsy Type 1

Narcolepsy type 1 is characterized by excessive daytime sleepiness, diagnosed as
daily periods of irrepressible needs to sleep or daytime lapses into sleep occurring
for at least 3 months, documented on a Multiple Sleep Latency Test (MSLT), and
the presence of cataplexy [2]. It is often associated with sleep paralysis, hypnagogic
hallucinations, and nocturnal sleep disruption [2].

Narcolepsy type 1 (NT1) is classified as hypersomnias of central origin, related
to a loss of orexin signaling, due to loss of hypocretin containing neurons in the
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hypothalamus. Hypocretin has been linked to various autonomic functions, such as
cardiovascular, metabolic, thermoregulatory, and gastrointestinal regulation [12],
although the contribution of loss of orexin signaling in these manifestations is not
completely understood.

Regarding cardiovascular control, recent studies [12] indicate that daytime BP is
comparable in patients with NT1 and controls, but patients with NT1 displayed a
nighttime non-dipping BP pattern. The 24-h circadian rhythmicity of BP and HR is
normal. Systolic BP during nighttime REM sleep is increased in the NT1 group.
The altered nighttime BP regulation can be associated with an increased cardiovas-
cular risk in NT1.

8.3.3 Sudden Unexpected Death in Epilepsy

Epilepsy is a brain disorder characterized by a predisposition to generate seizures,
paroxysmal transient disturbances of brain functions that may be manifested as epi-
sodic impairment or loss of consciousness, abnormal motor phenomena, and psy-
chic or sensory disturbances. Autonomic symptoms such as cardiovascular and
respiratory changes and gastrointestinal, cutaneous, and genitourinary manifesta-
tions occur during epileptic seizures quite frequently [13].

In epileptic patients the risk of sudden unexpected death in epilepsy (SUDEP) is
24-40 times higher with respect to the general population. Clinical data suggest that
SUDEP occurs preferentially during sleep. SUDEP is considered to be the result of a
peri-ictal concurrence of a number of predisposing and precipitating factors. In partic-
ular, poor seizure control, high seizure frequency (especially generalized tonic-clonic
seizures), brady- and tachyarrhythmia, onset of epilepsy at a young age, and long
duration of epilepsy seem the most important risk factors. Both the absence of therapy
and polytherapy represent further strong risk factors for SUDEP. Autonomic factors,
in particular cardiac and respiratory dysfunctions, have been implicated in SUDEP.

Concerning cardiovascular autonomic dysfunction, decreased HRV is consid-
ered to be a risk factor for increased cardiovascular morbidity. Previous studies have
indeed shown decreased HRV in chronic epileptic patients especially during night-
time in respect to control subject. Also, antiepileptic drugs, in particular carbamaze-
pine and polytherapy, seem to reduce HRV. Seizures and periodic epileptic
discharges, increasing arousal fluctuations leading to chronic sympathetic overacti-
vation (e.g., increased BP and HR) during NREM sleep, might lead to a chronic
stimulation of the ANS which is reflected by changes in HRV parameters.

8.3.4 Treatment

Considering the risk related to cardiovascular and respiratory dysfunction due to
autonomic system alteration during sleep, it is crucial to find the optimal treatment
and drug delivery formulations.
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Supine hypertension is a common finding in cardiovascular dysregulation. A
common approach to diminish supine hypertension is elevating the bed head about
20-30 cm. Please refer to Sect. 3.2.1.4. Reevaluation of pressure agents within the
night hours helps to decrease supine hypertension.

The treatment of obstructive sleep apnea should be started with the treat-
ment of the eventual comorbid disorder and with non-pharmacological mea-
sures, such as weight loss, exercise, sleep position, alcohol, and sedative
avoidance. If the efficacy of these treatments is not satisfying, mechanical
treatment with noninvasive continuous positive airway pressure (CPAP) ven-
tilation that induces a low but significant reduction in 24-h blood pressure val-
ues should be promoted. If the patient is intolerant to CPAP, BiPAP should
be considered.

Alternative treatment such as oral appliances (mandibular repositioning appli-
ances, tongue-retaining devices) or bariatric surgery should also be considered.
Surgical treatment is rarely curative but may improve clinical outcomes.

Considering SUDEP, a causative treatment is not feasible. Information and
prevention are mandatory. A task force [13] proposed that every patient should
know that epilepsy represents a condition with an increased risk of morbidity and
death, in order to encourage development of coping strategies. First of all, adher-
ence to several established principles in the treatment of epilepsy was recom-
mended, in order to rapidly obtain a complete seizure control and to promptly
identify patients with surgically remediable epilepsy. Night supervisor, position-
ing, use of anti-suffocation pillows, and stimulating the person seeking help if
needed could be suggested to the patients and their caregivers. Furthermore, the
treatment of sleep comorbidities, OSAS in primis, could reduce the occurrence
of SUDEP.

Take-Home Messages

1. Sleep disorders [2] can be associated with cardiovascular and respiratory
autonomic dysfunction occurring both during day and night. Several neu-
rological disorders are associated with dysfunction of the autonomic car-
diovascular and respiratory control during sleep [6—11].

2. Since cardiovascular and respiratory autonomic disturbances during sleep
have a relevant impact on body homeostasis, detection of such disorders
both during daytime and overnight is mandatory [14].

3. Autonomic dysfunction occurring during sleep, particularly when involv-
ing the cardiovascular or respiratory control, has a negative impact on the
prognosis of the associated neurologic disorder [1, 4, 6]. A prompt diagno-
sis is therefore of crucial importance to choose the proper therapeutic
approach and treat the risk factors that could severely influence disease
prognosis.
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