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Abstract

Microvascular dysfunction is increasingly recognised as a contributor to a wide range of clinical conditions including post-
viral syndromes, chronic fatigue states, gastrointestinal dysmotility, and unexplained chest pain syndromes. However,
structural vascular abnormalities are often absent, leaving the mechanistic basis of these conditions uncertain.

This hypothesis paper proposes that microvascular instability may represent a downstream physiological consequence of
autonomic vulnerability, particularly following severe cardiovascular insult or viral autonomic injury. In this framework,
persistent sympathetic—parasympathetic imbalance alters microvascular tone regulation, leading to unstable perfusion
dynamics across multiple organ systems.

The Proposed Model Integrates Three Mechanisms

» impaired parasympathetic modulation of vascular tone,

« chronic sympathetic overactivation leading to endothelial stress, and
« altered neuroimmune signalling affecting local vascular reactivity.

These mechanisms may explain fluctuating symptoms observed in post-viral illness, dysautonomia syndromes, and
functional gastrointestinal disorders. Importantly, the model emphasises physiological instability rather than fixed
structural pathology, providing a conceptual framework that may unify otherwise disparate clinical syndromes.

If validated, this hypothesis suggests that therapies targeting autonomic stabilisation rather than purely structural
disease may represent a promising direction for future research.
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Introduction

Microvascular regulation is critical for maintaining adequate tissue perfusion. Small resistance vessels dynamically adjust
blood flow in response to metabolic demand, neural input, and endothelial signalling.

In a growing number of clinical conditions, patients exhibit symptoms consistent with impaired perfusion despite the
absence of detectable macrovascular disease. These include:

e post-viral syndromes

¢ dysautonomia disorders

« chronic fatigue states
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¢ unexplained chest pain syndromes
« gastrointestinal motility disturbances

Traditional explanations often focus on endothelial dysfunction or inflammatory injury. However, these models do not
fully explain the dynamic and fluctuating nature of symptoms commonly reported.

This paper proposes that autonomic instability may represent a central regulatory disturbance affecting microvascular
tone, producing functional perfusion abnormalities across multiple organ systems.

Autonomic Regulation of Microvascular Tone
Microvascular blood flow is strongly influenced by autonomic control.

The sympathetic nervous system regulates vasoconstriction through adrenergic signalling, while the parasympathetic
system, particularly through vagal pathways, contributes to vasodilatory balance and anti-inflammatory modulation.

When these systems are balanced, vascular tone adjusts smoothly to physiological demands.

However, Disruption Of Autonomic Regulation May Lead to:
e inappropriate vasoconstriction

» unstable perfusion gradients

» regional blood flow variability

Such instability may manifest clinically as fatigue, exercise intolerance, gastrointestinal dysfunction, or episodic chest
discomfort.

Sources of Autonomic Vulnerability
Several forms of physiological insult may disrupt autonomic regulation.
These include:

Viral Injury
Viruses are known to affect autonomic pathways through inflammatory and neuroimmune mechanisms.

Post-viral syndromes following infections such as influenza or SARS-CoV-2 have been associated with dysautonomia and
microvascular symptoms.

Severe Cardiovascular Events
Major cardiac events involving haemodynamic collapse may trigger long-term alterations in autonomic tone.

Episodes Such As:

e cardiac tamponade

 severe arrhythmia

e cardiac surgery

may produce prolonged autonomic recalibration.

Surgical and Systemic Stress
Major surgical interventions trigger powerful sympathetic activation. In some individuals, normal autonomic equilibrium
may not fully return, resulting in persistent imbalance.

Proposed Mechanistic Model
The Knox Microvascular Instability Hypothesis proposes three interacting mechanisms.

Mechanism 1
Parasympathetic Attenuation
Reduced vagal modulation diminishes the body’s ability to counterbalance sympathetic vasoconstriction.

Mechanism 2
Sympathetic Overdrive
Persistent sympathetic activation increases microvascular tone variability and endothelial stress.

Mechanism 3

Neuroimmune Signalling Disruption
Autonomic dysfunction alters inflammatory signalling pathways affecting endothelial responsiveness.
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Clinical Manifestations
If autonomic-mediated microvascular instability occurs, the following symptom clusters may emerge:

System Potential Manifestations
Cardiovascular Chest discomfort, orthostatic intolerance
Gastrointestinal | Dysmotility, nausea

Neurological Fatigue, cognitive slowing
Musculoskeletal | Exercise intolerance

Importantly, these symptoms may fluctuate depending on autonomic tone.

Relationship to Existing Research

Several Research Fields Indirectly Support Aspects of This Model:

» Dysautonomia research demonstrates abnormal vascular responses.

 Post-viral syndrome studies show endothelial abnormalities.

» Autonomic neuroscience highlights the role of vagal regulation in vascular stability.

However, these areas are rarely integrated into a single framework.
The present hypothesis proposes that autonomic vulnerability may act as a common upstream driver of these phenomena.

Testable Predictions

This Hypothesis Generates Several Testable Predictions.

 Patients with dysautonomia should demonstrate measurable microvascular variability.
» Autonomic stabilisation therapies may improve perfusion-related symptoms.

» Heart rate variability metrics may correlate with perfusion instability.

Future Research Could Explore These Relationships Using:
* microvascular imaging

* HRV analysis

» endothelial function testing

Conclusion

Microvascular dysfunction remains an underexplained feature of many chronic conditions.

This hypothesis proposes that autonomic vulnerability may serve as a key upstream regulator of microvascular instability,
producing fluctuating perfusion abnormalities across multiple organ systems.

By shifting the focus from structural pathology toward physiological regulation, this model may offer a new conceptual
pathway for understanding and investigating functional vascular disorders.
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