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Learning Objectives

To define the components of the central autonomic network
Involved in orthostatic tolerance and orthostatic intolerance:

-arterial baroreflex (and vestibulo-sympathetic reflex)

ecentral causes of orthostatic intolerance

the role of the interoceptive-emotional system in
maintenance of orthostatic intolerance symptoms



Key Messages

« The baroreceptor reflex (baroreflex) is the key neural
mechanism for maintenance of orthostatic tolerance

« Disorders of the central baroreflex arc manifest with
neurogenic orthostatic hypotension

 Interoceptive sensitization, behavioral arousal; and
conditioning contribute to persistence of symptoms of
orthostatic intolerance in the absence of progressive
autonomic failure



Central Autonomic Network (CAN)
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Role of the CAN in Orthostatic Tolerance and
Intolerance: Basic Principles

Interconnected regions of the CAN control the two variables that determine
arterial blood pressure (ABP) :

- cardiac output (stroke volume and heart rate-HR)

- total peripheral resistance

The medullary baroreflex sympathetic output to skeletal muscle and splanchnic
blood vessels is critical to prevent orthostatic hypotension (OH)

Impairment of the central sympathetic output of the baroreflex manifest with
neurogenic OH

Interoceptive inputs to forebrain areas involved in emotion are the
basis of symptoms of orthostatic intolerance (dizziness, fatigue)



Responses to Orthostatic Stress
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Mechanisms for Orthostatic Tolerance

» A series of regulatory mechanisms are activated to prevent orthostatic hypotension (OH)
In chronological order of activation, these include

- neural mechanisms: baroreflex and other medullary reflexes (eg, vestibulosympathetic)
- humoral mechanisms: arginine vasopressin (AVP) and renin-angiotensin-aldosterone
- capillary- fluid-shit system

- renal-body fluid control system.

» The baroreflex provides a powerful moment-to-moment negative feedback regulation that
minimizes fluctuations of arterial pressure during standing, exercise and emotion

« The central baroreflex arc includes neurons of the nucleus of the solitary tract (NTS)
that elicit (1) inhibition sympathoexcitatory neurons of the rostral ventrolateral medulla
(RVL) via the caudal ventrolateral medulla; and (2) activation of cardiovagal
neurons of the nucleus ambiguus; and (3) tonic inhibition of AVP release

« Upon standing, unloading of the baroreceptors reduces NTS input, resulting in
- RVL triggered-sympathetically mediated vasoconstriction (critical)
- Inhibition of cardiovagal output (tachycardia)



Baroreflex: Sympathetic Vasomotor Arc
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Baroreflex: Cardiovagal Arc
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Normal Baroreflex Control of Arterial Pressure and Heart Rate
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Vestibulo-sympathetic Reflex
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Syndromes of Orthostatic Intolerance as Defined by Head-up Tilt Responses
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Orthostatic Intolerance
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Central Baroreflex Disorders as Cause of Orthostatic Intolerance

Afferent Failure: Labile Hypertension
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Involvement of the Baroreflex Sympathetic Pathway in MSA




Central Mechanisms for Orthostatic Intolerance

In addition to central autonomic failure, central mechanisms also provide the
basis for symptoms in patients with other forms of orthostatic intolerance, including
POTS and orthostatically-induced reflex syncope

The mechanisms involved include
» interoception (body feeling)
« behavioral conditioning
* behavioral arousal
e stress response
Interoceptive inputs are relayed via the dorsal horn and NTS to the parabrachial nucleus
which conveys these inputs to the
» hypothalamus (stress response),
« amygdala (conditioned responses) and, via the thalamus,
 insular cortex (awareness of body feelings) and
« dorsal anterior cingulate cortex (behavioral arousal)

Both directly and via the periaqueductal gray, these CAN areas

« trigger sympathoexcitation

* reduce baroreflex gain



Interoceptive System
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Hemodynamic Response to Emotion and Stress
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Mechanisms of Chronic Orthostatic Intolerance
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