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Abstract: Post-COVID dysautonomia has emerged as a prominent and debilitating manifestation of
Long COVID, characterized by a wide spectrum of autonomic dysfunctions including postural
orthostatic tachycardia syndrome (POTS), orthostatic hypotension, and gastrointestinal dysmotility.
Despite growing recognition, the pathophysiological underpinnings, clinical presentation, and
optimal management of this condition remain incompletely understood. This narrative review aims
to synthesize current evidence on the mechanisms, clinical features, diagnostic approaches, and
emerging therapeutic strategies for dysautonomia following SARS-CoV-2 infection, while
highlighting knowledge gaps and future research directions. A comprehensive literature review was
conducted using PubMed, Scopus, and Google Scholar to identify peer-reviewed studies, reviews,
and case series relevant to post-COVID autonomic dysfunction. Articles published between 2020 and
2025 were included, with emphasis on mechanistic insights, clinical case definitions, and
management outcomes. Multiple pathophysiological mechanisms are implicated, including
autoimmune activation, persistent neuroinflammation, vagal nerve injury, endothelial dysfunction,
and residual viral reservoirs. Clinically, patients may present with multisystemic symptoms that
overlap with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFES). Diagnostic workup
includes autonomic function testing, tilt-table testing, and biomarker evaluation. Emerging treatment
modalities range from beta-blockers and volume expansion to neuromodulation and
immunotherapy, though evidence remains limited and heterogeneous. Post-COVID dysautonomia
represents a complex, multifactorial condition with significant implications for patient quality of life.
Improved diagnostic criteria, mechanistic biomarkers, and randomized controlled trials are urgently
needed to guide management and therapeutic development. Interdisciplinary collaboration will be
critical in addressing the growing burden of autonomic dysfunction in the post-pandemic era.

Keywords: long COVID; post-acute sequelae of SARS-CoV-2 infection (PASC); dysautonomia;
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Introduction

The global burden of COVID-19 has extended beyond acute infection, giving rise to a
constellation of persistent symptoms now termed “Long COVID” or Post-Acute Sequelae of SARS-
CoV-2 Infection (PASC). Among the most debilitating and underrecognized manifestations is
dysautonomia, particularly presenting in a postural orthostatic tachycardia syndrome (POTS)-like
fashion. While initially described in case reports, the incidence and clinical relevance of post-COVID
autonomic dysfunction have become increasingly apparent. An estimated 30% of Long COVID
patients report symptoms suggestive of autonomic imbalance, yet pathophysiologic mechanisms
remain poorly defined and treatment strategies unstandardized. This narrative review synthesizes
current evidence on post-COVID dysautonomia, focusing on proposed mechanisms, clinical
phenotypes, diagnostic approaches, and therapeutic strategies.
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Normal Autonomic Physiology

The autonomic nervous system (ANS) regulates involuntary bodily functions, including heart
rate, blood pressure, digestion, and thermoregulation. It is divided into the sympathetic (“fight or
flight”) and parasympathetic (“rest and digest”) branches. Key regulatory elements include:

e  Baroreflex arc: regulates blood pressure via mechanoreceptor-mediated control of heart rate and
vascular tone.

e  Vagal nerve: modulates parasympathetic output to the heart and GI tract.

e  Sympathetic chain: mediates norepinephrine-driven vasoconstriction and cardiac output.

ANS homeostasis maintains blood flow and metabolic function during positional changes or
physical exertion. Disruption of this delicate balance results in orthostatic intolerance, tachycardia,
and systemic symptoms seen in dysautonomia.

Proposed Mechanisms in Post-COVID Dysautonomia
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Multiple overlapping hypotheses have emerged to explain the onset of dysautonomia after
SARS-CoV-2 infection:
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The combination of these mechanisms likely leads to a maladaptive autonomic state resembling
chronic fatigue syndrome (CFS/ME) or classical POTS.

Clinical Manifestations

Patients with post-COVID dysautonomia report a spectrum of symptoms that vary in severity
and duration:

e  Orthostatic Intolerance: lightheadedness, palpitations, dizziness upon standing

e  Tachycardia: sustained HR increase 230 bpm within 10 minutes of standing (POTS criteria)
e  Fatigue and Malaise: often disabling and worsened by exertion (post-exertional malaise)

e  Cognitive Impairment (“Brain Fog”): difficulty concentrating, memory lapses

e  Gastrointestinal Symptoms: nausea, bloating, delayed gastric emptying

e  Temperature Dysregulation: hot flashes, cold extremities

e  Sleep Disturbance: insomnia, non-restorative sleep

These symptoms often fluctuate, mimicking autoimmune or post-viral syndromes, and
disproportionately affect young females, echoing pre-pandemic POTS demographics.

Diagnostic Approaches

There is no single test for post-COVID dysautonomia. Diagnosis relies on a combination of
clinical history and physiologic testing:
e  10-minute standing test: HR and BP measured supine and standing; HR increase 230 bpm with
minimal BP drop supports POTS.
o  Tilt-table testing: standard for diagnosing orthostatic intolerance and neurocardiogenic syncope.
e  Heart rate variability analysis: evaluates vagal tone and autonomic balance.
¢ QSART (Quantitative Sudomotor Axon Reflex Test): assesses sympathetic sweat gland function.
e  Serologic markers: under investigation (e.g., anti-GPCR antibodies).

Importantly, differential diagnoses (e.g., anemia, deconditioning, adrenal insufficiency) must be
excluded.
Therapeutic Strategies

Management of post-COVID dysautonomia remains empirical and multi-pronged, focusing on
symptom relief, autonomic retraining, and functional recovery.
Nonpharmacologic Approaches

e  Hydration and Salt Loading: 2—4L fluid/day and up to 10g salt intake improves blood volume.

e  Compression Garments: reduce venous pooling.

¢  Exercise Rehabilitation: starting with horizontal exercise (recumbent bike, rowing) and gradual
progression.

Pharmacologic Options

Drug Mechanism Use
Midodrine Alpha-agonist vasoconstrictor Orthostatic hypotension
Fludrocortisone Mineralocorticoid, fluid retention =~ Volume expansion
Beta-blockers (e.g., propranolol) Blunt sympathetic overactivity Tachycardia
Ivabradine Selective sinus node inhibitor Alternative to 3-blockers
Pyridostigmine Enhances parasympathetic activity ~ Fatigue, GI symptoms

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0584.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2025 d0i:10.20944/preprints202506.0584.v1

4 of 5

Management should be individualized, ideally with input from cardiology, neurology, and
rehabilitation medicine.

Controversies and Knowledge Gaps

Key areas of uncertainty remain:

e Autoimmunity vs central sensitization: Are symptoms immune-mediated or centrally driven?
e  Lack of biomarkers: Limits diagnostic specificity and treatment targeting.

e Overlap with ME/CFS: Shared symptomology raises questions about shared pathophysiology.
e  Sex Disparities: Why are young women disproportionately affected?

e  Heterogeneity: No single phenotype or treatment protocol fits all patients.

Future Research Directions

To advance care and understanding, research should focus on:

¢  Longitudinal cohort studies to map symptom trajectory and resolution.
e  Biomarker discovery (e.g., cytokines, antibodies, HR variability).

e Immunophenotyping to clarify autoimmune contributions.

e  (Clinical trials of pharmacologic and rehabilitation interventions.

e Neuroimaging to visualize brainstem and autonomic centers.

Integration of omics, wearable technology, and machine learning may enhance phenotyping and
predictive modeling.

Conclusion

Dysautonomia has emerged as a prevalent and disabling component of Long COVID, marked
by orthostatic intolerance, autonomic imbalance, and impaired quality of life. While multiple
pathophysiologic theories exist, none fully account for the heterogeneity seen clinically. Diagnosis
remains largely clinical, and treatment requires a multidisciplinary, individualized approach. With
mounting evidence and increasing awareness, focused research efforts are urgently needed to refine
diagnostic criteria, identify biomarkers, and develop targeted therapies to address this complex and
evolving post-viral syndrome.
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