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Introduction: On March 11, 2020, the World Health Organization sounded the
COVID-19 pandemic alarm. While efforts in the first few months focused on reducing
the mortality of infected patients, there is increasing data on the effects of long-term
infection (Post-COVID-19 condition). Among the different symptoms described after
acute infection, those derived from autonomic dysfunction are especially frequent
and limiting.

Objective: To conduct a narrative review synthesizing current evidence of the signs
and symptoms of dysautonomia in patients diagnosed with COVID-19, together with a
compilation of available treatment guidelines.

Results: Autonomic dysfunction associated with SARS-CoV-2 infection occurs at
different temporal stages. Some of the proposed pathophysiological mechanisms
include direct tissue damage, immune dysregulation, hormonal disturbances, elevated
cytokine levels, and persistent low-grade infection. Acute autonomic dysfunction has
a direct impact on the mortality risk, given its repercussions on the respiratory,
cardiovascular, and neurological systems. latrogenic autonomic dysfunction is a
side effect caused by the drugs used and/or admission to the intensive care
unit. Finally, late dysautonomia occurs in 2.5% of patients with Post-COVID-19
condition. While orthostatic hypotension and neurally-mediated syncope should be
considered, postural orthostatic tachycardia syndrome (POTS) appears to be the most
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common autonomic phenotype among these patients. A review of diagnostic and
treatment guidelines focused on each type of dysautonomic condition was done.

Conclusion: Symptoms deriving from autonomic dysfunction involvement are commmon
in those affected by COVID-19. These symptoms have a great impact on the quality
of life both in the short and medium to long term. A better understanding of the
pathophysiological mechanisms of Post-COVID manifestations that affect the autonomic
nervous system, and targeted therapeutic management could help reduce the sequelae
of COVID-19, especially if we act in the earliest phases of the disease.

Keywords: dysautonomia, Post-COVID-19 condition, socioeconomic impact, orthostatic intolerance syndromes,

POTS, diagnosis, management

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has created a pandemic, generally known as the coronavirus
disease 2019 (COVID-19) pandemic, with devastating effect on
the health and economy of the entire world population. The
first cases of COVID-19 were reported in Wuhan, China, in
November 2019, and the first cases in North America and Europe
in January 2020 (1). By February 2022, more than 430 million
confirmed cases of COVID-19 and more than 5.9 million deaths
had been reported to the World Health Organization (WHO)
(https://covid19.who.int/, as of February 27, 2022). About 80%
of COVID-19 cases are paucisymptomatic and mild, and many
patients recover within 2-4 weeks. However, severe pneumonia
and critical multi-organ failure may occur in 15 and 5% of cases,
respectively (2). Although there is a wealth of information on the
clinical manifestations, therapeutic management and short-term
consequences of the infection, there is less information on the
residual symptoms that occur and persist in patients who have
overcome acute infection but experience long-term multiorgan
complications (3). These manifestations were detected from
the very outset of the pandemic, and indeed, the existence of
persistent symptoms (i.e., long COVID-19) after acute infection
has been noted since April 2020 (4). Post-COVID symptoms

Abbreviations: ACE2, Angiotensin-converting enzyme 2; ADH, Vasopressin;
AIDP, Acute inflammatory demyelinating neuropathy; AMAN, Acute motor
axonal neuropathy; AMSAN, Acute motor and sensory axonal neuropathy;
ANS, Autonomic nervous system; AT1-R, Angiotensin II receptor type 1; BBB,
Blood-brain barrier; BP, Blood pressure (mmHg); CI, Confidence Interval; CNS,
Central nervous system; COMPASS-31, Composite Autonomic Symptom Scale
31; COVID-19, Coronavirus disease 2019; CT, Computed tomography; EAS,
Extended autonomic system; ECG, Electrocardiogram; ESC, Electrochemical skin
conductance; g-AChR, Ganglionic neuronal nicotinic acetylcholine receptor; GBS,
Guillain Barré Syndrome; GPCR, G-protein-coupled receptor; HR, Heart rate;
HT, Hypertensive; hT, Hypotensive; hTO, Orthostatic hypotension; ICU, Intensive
care unit; MasR, Mas receptor; MERS, Middle East respiratory syndrome; min,
Minutes; MRI, Magnetic resonance imaging; MSA, Multiple system atrophy; NA,
Noradrenaline; NICE, The United Kingdom National Institute for Health and Care
Excellence; NOH, Neurogenic Orthostatic hypotension; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide; PASC, Post-acute sequelae of COVID;
PLR, Pupillary light reflex; PNC, Polyneuritis cranialis; PNS, Peripheral nervous
system; POTS, Postural tachycardia syndrome; QSART, Quantitative sudomotor
axon reflex testing; RAAS, The renin-angiotensin-aldosterone system; SARS-CoV-
2, Severe acute respiratory syndrome coronavirus 2; SARS, Severe acute respiratory
syndrome; SNS, Sympathetic nervous system; WHO, World Health Organization.

are very heterogeneous and affect and involve multiple systems.
Numerous pathophysiological mechanisms have been proposed
that include, but are not limited to, direct or indirect invasion
of the virus into the brain, immune dysregulation, hormonal
disturbances, elevated cytokine levels due to immune reaction
leading to chronic inflammation, direct tissue damage, and
persistent low-grade infection.

The actual number of those affected who manifest symptoms
after the acute episode of COVID-19 is unknown; however, in
a survey carried out by the UK Government Office for National
Statistics in November 2020, around 20% of patients diagnosed
with COVID-19 reported symptoms that persisted 5 weeks or
more after acute infection, and 10% reported symptoms lasting
12 weeks or more (3).

Frequently reported residual effects of the SARS-CoV-2 virus
include a wide array of pulmonary and extrapulmonary clinical
manifestations, including nervous system and neurocognitive
disorders, mental health disorders, cardiovascular disorders,
gastrointestinal disorders, skin disorders, and signs and
symptoms associated with poor general wellbeing, including
malaise, fatigue, musculoskeletal pain, and reduced quality of
life. The most common neurocognitive symptoms reported
are difficulties concentrating, memory deficits and cognitive
impairment (5). Follow-ups conducted in Germany and the
United Kingdom found post-COVID-19 neuropsychiatric
symptoms in 20-70% of patients, including young adults (6).
Systemic and neurocognitive deficits may last only weeks but can
potentially lead to lifelong disability (2).

In a prospective study conducted in 3,762 participants from 56
countries with confirmed (diagnostic/antibody-positive; 1,020)
or suspected (diagnostic/antibody-negative or untested; 2,742)
COVID-19, it was found that more than 91% of participants
continued to have symptoms at 7-month follow-up, mainly
systemic and neurologic/cognitive symptoms. The most frequent
symptoms after month 6 were fatigue, Post-exertional malaise,
and cognitive dysfunction. Relapse or recurrence of symptoms,
triggered primarily by exercise, physical or mental activity, and
stress (7), were experienced by 85.9% of participants (95%
CI, 84.8-87.0%).

In individuals at low risk of COVID-19 mortality with
ongoing symptoms, 70% have impairment in one or more organs
4 months after the initial COVID-19 symptoms, including the
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heart (26%), lungs (11%), kidneys (4%), liver (28%), pancreas
(40%) and spleen (4%) (8). Furthermore, persistent symptoms
(>6 weeks) have been reported in 19% of 39 fully vaccinated
healthcare workers after breakthrough infections (9).

Some studies indicate that disease severity correlates with
worse and more prolonged neurologic symptoms (10, 11), while
other studies have found no such correlation (5, 12).

Several symptoms are impacted by the autonomic nervous
system, with fatigue described as one of the major clinical
features of dysautonomia in patients with COVID-19 (13).
Dysautonomia has been broadly defined as a condition where
changes in the functioning of one or more components of the
autonomic nervous system adversely affect health (14). Despite
its prevalence, the relationship between Post-COVID symptoms
and dysautonomic features has not been well-studied.

Changes in the Criteria for the
Classification of the Symptomatic Phases
of COVID-19

The United Kingdom National Institute for Health and Care
Excellence (NICE) (15) has defined several symptomatic phases
of COVID-19 useful for the conduction and comparison of
different studies, and established the following operational
definitions based on the timing of signs and symptoms after
illness onset. These are as follows:

e Acute COVID-19: signs and symptoms present up to 4 weeks
after illness onset.

e Ongoing symptomatic COVID-19: signs and symptoms of
COVID-19 persist from 4 to 12 weeks after illness onset.

e Post-COVID-19 syndrome: signs and symptoms that develop
during or after an infection compatible with COVID-19,
continue beyond 12 weeks and are not explained by an
alternative diagnosis once active infection or reinfection has
been ruled out.

e Prolonged COVID/“long-COVID”/“Post-acute sequelae” of
COVID (PASC) includes both ongoing symptomatic COVID-
19 (4-12 weeks) and Post-COVID-19 syndrome (12 weeks
or more).

Diagnostic criteria for Post-acute phase sequelae (PASC) of
SARS-CoV-2 infection, which may affect 20-60% of patients
(16), were subsequently proposed (17). The term “neuro-PASC”
refers to diagnostic criteria related to neurologic sequelae,
including dysautonomia mentioned above. In this context, the
neurologic symptoms or development of sequelae due to SARS-
CoV-2 infection persist beyond 4 weeks after the onset of acute
symptoms. Subacute neuro-PASC corresponds to neurologic
symptoms and abnormalities present from 4 to 12 weeks after
the acute phase of COVID-19, while chronic neuro-PACS refers
to neurologic symptoms and abnormalities persisting or present
beyond 12 weeks and not attributable to alternative diagnoses (2).

Finally, in the last consensus communication published on
6 October 2021, the WHO using a robust Delphi methodology,
published a clinical case definition of the Post-COVID-19
condition reached by Delphi consensus (18) (Box 1).

Despite these efforts to define the picture, there is a clear
need at the neurologic level to acquire a better understanding

BOX 1 | Clinical case definition of Post-COVID-19 condition.

Post-COVID-19 condition occurs in individuals with a history of probable or
confirmed SARS-CoV-2 infection, usually 3 months from the onset of COVID-
19 with symptoms that last for at least 2 months and cannot be explained
by an alternative diagnosis. Common symptoms include, but are not limited
to, fatigue, shortness of breath, and cognitive dysfunction, and generally
have an impact on everyday functioning. Symptoms might be new onset
following initial recovery from an acute COVID-19 episode or persist from the
initial iliness. Symptoms might also fluctuate or relapse over time. A separate
definition might be applicable for children.

Notes:

There is no minimum number of symptoms required for diagnosis;
symptoms involving different organs systems and clusters have
been described.

of the underlying pathophysiology of these symptoms in order
to improve the therapeutic management of the different clinical
pictures, in which autonomic dysfunction triggered in patients
after COVID-19 (19) is of special interest.

Dysautonomia Definition

The autonomic nervous system, which innervates all organs
of the body, maintains biological homeostasis at rest and in
response to stress through an intricate network of central
and peripheral neurons that work automatically. Autonomic
disorders can manifest in a variety of ways: deafferentation of
the central autonomic centers can alter the degree or timing
of peripheral autonomic effectors; autonomic efferent neuron
lesions can reduce or suppress autonomic responses; and drugs or
antibodies acting on autonomic neuron receptors can produce a
variety of physiological phenomena ranging from hyperfunction
to hypofunction and loss of function (20).

Since the autonomic nervous system is an integrative system,
the clinical approach to autonomic disorders should be holistic.
Rarely does the patient present with a single, clearly explained
and easily identifiable symptom (20).

The search for autonomic disorders requires a careful and
thorough medical history. The goals of the assessment are to
identify whether there is an autonomic disorder, to locate and
define its distribution, and to measure its severity. It is especially
important to detect severe and treatable disorders (20).

Socio-Economic Impact of Autonomic

Dysfunction in COVID-19

The number of people with the Post-COVID-19 condition
remains uncertain. Recent reports indicate that ~20-60% of
COVID-19 patients experience persistent symptoms, as stated
above (16), which means that between 86 and 258 million of the
more than 430 million confirmed cases of COVID-19 (https://
covid19.who.int/, as of February 27, 2022) would have persistent
symptoms. This gives us an idea of the enormous impact of the
Post-COVID-19 condition. Assuming dysautonomic symptoms
occur in 2.5% of Post-COVID-19 patients (21, 22), ~2.15-
6.45 million people experience Post-COVID-19 dysautonomia
worldwide. This chilling statistic gives some idea of the
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significance of this symptomatology and of the need to deepen
our understanding of it.

The socio-economic impact of COVID-19 is largely related
to the development of Post-COVID fatigue, autonomic and
neurohemodynamic impairment (13). The potential scale of
Post-COVID-19 syndrome in lower-risk individuals, who
represent up to 80% of the population, calls for urgent policies
in all countries to monitor and treat the long-term implications
of COVID-19 and to mitigate its impact on healthcare utilization
and the economy (8). According to data from an online survey of
people with suspected and confirmed COVID-19, at 7 months
after suspected or confirmed COVID-19 infection, 45.2% of
patients required a reduction in working hours and 22.3% were
not working due to illness (7).

There is a strong association between fatigue and Post-
COVID anxiety, even in the absence of a preexisting diagnosis
of depression or anxiety (23).

Little is known about the prognosis of postural orthostatic
tachycardia syndrome (POTS). It is estimated that about 80%
of all patients with POTS improved and 60% had minimal
residual symptoms during ~5 years (24). Addressing the needs
of Post-COVID-19 patients will therefore require a significant
investment in resources and funding both for clinical care and
research. Action is needed during this window of opportunity in
the interest of reducing or shortening the impact of symptoms
in these patients (25) and thus promoting their earliest possible
social and occupational reintegration.

This article reviews the available scientific evidence on
dysautonomic symptoms during the disease, as well as the
evidence on the management of the most prevalent syndromes.

METHODOLOGY

Methodological differences in the assessment of dysautonomia
in the different published studies, as well as the variations in
study design, prevent us from comparing them directly. We have
performed a critical narrative review with a synthesis of the
current publications on the subject.

We conducted a Non-systematic literature search of the
PubMed database in January 2022 for published manuscripts on
dysautonomia and COVID-19. The research strategy included
the key terms “dysautonomia AND COVID-19” and “autonomic
symptoms AND COVID-19”. Six of the authors (F C-T, A M-O,
A L-B, BT, VG, MW) independently reviewed the publications
and selected those that met the inclusion criteria. Duplicate
publications were removed by manual checking. Studies eligible
for inclusion were all types of articles published in English or
Spanish, human-centered, with well-defined COVID-19-related
descriptions of dysautonomic signs and symptoms.

Studies lacking a clear description of the diagnostic criteria
for dysautonomia or COVID-19 were excluded. Study protocols,
publications that did not specifically mention dysautonomia
or did not focus on dysautonomia in COVID-19, as well as
those published in a language other than English or Spanish
were excluded (Figure1). The text has been completed with
publications obtained from PubMed that were considered
relevant. Figures2, 3 were prepared using the BioRender.
com tool.

POSSIBLE ROUTES OF ENTRY OF THE
VIRUS

It is thought that part of the neurologic symptomatology may
be due to invasion of the central nervous system (CNS) by
SARS-CoV-2. The same hypothesis was considered in the 1918
influenza pandemic when an association between influenza,
encephalitis lethargica, and postencephalitic parkinsonism was
observed (28). It is known that SARS-CoV-2 penetrates the
olfactory mucosa, causing loss of smell, and may invade the brain
tissue by migrating from the cribriform plate along the olfactory
tract, or by the vagal or trigeminal pathways (26, 29) (Figure 2).

Another hypothesis is that the virus could cross the blood-
brain barrier (BBB) which is disrupted or becomes more
permeable through the action of inflammatory cytokines and/or
monocytes (30). The virus can reach the brain tissue through the
circumventricular organs (midline structures around the third
and fourth ventricles).

Once inside the CNS, SARS-CoV-2-related neuronal damage
can be induced either by direct cell invasion, mediated by a
virus protein binding to the endothelial acetylcholine receptor, or
by a cytokine-mediated dysimmune mechanism (31). Low-grade
inflammation in small vessels is also thought to play a role (32).
This is most likely facilitated by the inflammatory reflex and the
autonomic brainstem reflex (27, 33).

THE ROLE OF DYSAUTONOMIA IN THE
CLINICAL COURSE OF COVID-19

COVID-19 is especially life-threatening in the elderly and in
those with any of a variety of chronic medical conditions.
Pneumonitis and pulmonary dysfunction usually dominate the
clinical picture, but it is clear that COVID-19 significantly affects
other body organ systems, including the heart, gut, kidneys, and
brain (14, 34). One hypothesis contends that this heightened risk
may be caused by the development of dysautonomia (14).

It is not clear whether infection-associated dysautonomia is
the direct result of the action of the virus on autonomic nervous
system (ANS) structures or a consequence of postinfectious
immune-mediated processes (34, 35).

The ANS has traditionally been viewed as consisting of
the sympathetic nervous system, the parasympathetic nervous
system, and the enteric nervous system. Over the past century,
however, the neuroendocrine and neuroimmune systems have
come to the fore, prompting a change of nomenclature to
“extended autonomic system (EAS)”. Additional facets include
the sympathetic adrenergic system, for which adrenaline is
the key effector; the hypothalamic-pituitary-adrenocortical axis;
arginine vasopressin; the renin-angiotensin-aldosterone system,
with angiotensin II and aldosterone as the main effectors; and the
cholinergic anti-inflammatory and sympathetic inflammasome
pathways. A hierarchical brain network—the central autonomic
network—regulates these systems; embedded within it are
components of the Chrousos/Gold “stress system” (14).

Acute, coordinated alterations in homeostatic settings
(allostasis) can be crucial for surviving stressors. Allostatic
states however also increase wear and tear on both the effectors
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FIGURE 1 | Flow chart of the study.

and the target organs. Intense or long-term EAS activation in
the setting of chronically decreased homeostatic efficiencies
(dyshomeostasis), associated with aging and chronic disorders,
can prolong or intensify allostatic load, and eventually lower
the thresholds for a variety of vicious cycles (positive feedback
loops) that can be lethal. This phenomenon could explain the
close correlation of COVID-19 mortality with age and multiple
organ involvement in the disease (14).

Orthostatic intolerance, sudomotor, gastrointestinal and
pupillomotor disorders are described as common complications
of COVID-19, together with low tolerance for environmental
conditions, and sexual dysfunction (36). Figure3 shows
the most prevalent symptoms of dysautonomia in severe
COVID-19 (27).

Autonomic dysfunction associated with SARS-CoV-2
infection occurs at different temporal stages. Acute autonomic
dysfunction is due to axonal damage or cardiopulmonary
involvement. Iatrogenic autonomic dysfunction is a side effect
caused by the drugs used and/or admission to the intensive care
unit (37). Finally, late dysautonomia occurs in the Post-COVID-
19 condition. Cardiovascular involvement, especially POTS, and
to a lesser extent neurogenic orthostatic hypotension (NOH),
has been more frequently observed in these latter patients. The
aspects that we consider to be the most important in each phase
are, in chronological order:

Acute-Subacute Autonomic Dysfunction
Among other things, activation of the EAS in the context of
acute COVID-19 increases myocardial oxygen consumption and
glucose levels, depletes energy, lowers thresholds for arrhythmias,
induces hypokalemia and hyponatremia, may promote renal
ischemic injury and intravascular thrombosis, and can induce a
form of stress cardiomyopathy. Imbalances in the inflammasome
system can contribute to cytokine storms (14, 34). All these
changes, facilitated by dysautonomia, generate a series of
manifestations at different levels. We summarize below the
neurologic, cardiovascular and respiratory manifestations.

Neurologic Manifestations

Like Post-Chikungunya syndrome in 2006, as well as other viral
infections and vaccines, SARS-CoV-2 could trigger an immune
response leading to Guillain Barré Syndrome (GBS) or other
neurologic manifestations of an autoimmune nature. By the end
of 2020, at least 220 patients with GBS or its variants following
COVID-19 infection have been reported. GBS subtype was
specified in 152 as acute inflammatory demyelinating neuropathy
(AIDP), 118 cases; acute motor axonal neuropathy (AMAN) in
13; acute motor and sensory axonal neuropathy (AMSAN) in 11;
Miller-Fisher Syndrome in 7; polyneuritis cranialis (PNC) in 2;
and the pharyngeal-cervical-brachial variant in 1. No cases of
Bickerstaff encephalitis were found (38).
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FIGURE 2 | Proposed COVID-19 pathways to the central nervous system. Adapted from the article by Yachou Y et al. (26).
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It has been shown that antibodies to SARS-CoV-2 can cross-
react with peripheral myelin causing GBS (39). GBS usually
manifests with a florid picture of clinical dysautonomia
that includes the presence of hemodynamic instability,
urinary retention, gastroplegia, paralytic ileus or refractory
hypertension (40).

In most patients who develop GBS, the time gap between
COVID-19 infection and GBS is very short, which not
only complicates treatment, but could also result in a poor
prognostic clinical sign for development of severe autonomic
dysfunction (41) without early detection and appropriate
therapeutic management.

It is speculated that the pathogenesis of Miller Fisher
syndrome following SARS-CoV-2 infection is mediated by
neurotropism or aberrant activation of the immune system,
with production of circulating antibodies similar to GDq1B in
idiopathic Miller Fisher syndrome (42).

An increased incidence of acute motor and sensory and axonal
neuropathy (AMSAN) and acute inflammatory demyelinating
polyneuropathy (AIDP) is also associated with COVID-19
infection, which may present with autonomic dysfunction,
especially in cases with greater axonal involvement (25, 43, 44).

Pupillary light reflex (PLR) is under the control of the
autonomic nervous system. Pupil dilation is innervated by
the sympathetic nervous system and pupil constriction by the
parasympathetic nervous system (45). Using PRL to assess
autonomic dysfunction in patients with acute COVID-19

infection varies according to the severity of clinical presentation.
In an observational, cross-sectional study, higher values of
pupillary dilation velocity and baseline pupil diameter were
reported in 20 Non-critically-ill COVID-19 patients in the acute
phase of the disease (31). Regarding critically-ill COVID-19
patients, a study in 18 patients with respiratory failure requiring
mechanical ventilation for >48h did not find, after statistical
correction for possible confounders (i.e., sedation), significant
differences in PLR dynamics between SARS-CoV-2-infected
patients and those suffering from respiratory failure due to other
causes (46).

Cardiovascular Manifestations

Characteristics of cardiovascular involvement in patients with
COVID-19 may include myocardial lesions (myocarditis),
vasculitis-like syndromes, atherothrombotic manifestations and
autonomic dysfunction (47).

Maladaptive functions of the renin-angiotensin-aldosterone
system (RAAS) constitute another plausible pathophysiological
mechanism of SARS-CoV-2 infection-related tissue damage,
probably related to central autonomic network dysfunction
mentioned above. The RAAS is composed of a cascade of
regulatory peptides that participate in key physiological
processes in the body, including fluid and electrolyte balance,
blood pressure regulation, vascular permeability, and tissue
growth. Angiotensin-converting enzyme 2 (ACE2) has emerged
as a potent counter-regulator of the RAAS pathway. ACE2
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cleaves angiotensin I into inactive angiotensin 1-9 and degrades
angiotensin II to angiotensin 1-7, which has vasodilatory,
antiproliferative, ~ antifibrotic,  anti-inflammatory ~ and
sympathoinhibitory effects through binding to the Mas receptor
(14, 48-50). Angiotensin II promotes vasoconstriction, fibrosis,
hypertrophy and inflammation by binding to angiotensin II
receptor type 1 (AT1-R) and mediating sympathoexcitation.
Internalization of SARS-CoV-2 leads to inhibition of ACE2
activity and progressive depletion of membrane-bound ACE2,
with ACE1/ACE2 imbalance and increased angiotensin II (50).

Fluctuating blood pressure could be explained by acute
dysautonomia secondary to afferent baroreflex failure, a
syndrome characterized by very labile blood pressures in
which severe hypertensive crises alternate with hypotensive
episodes. This phenomenon has previously been observed as
a consequence of radiation therapy of the cervical region or
more rarely after surgery for Glomus caroticum or brainstem
tumors (51, 52). SARS-CoV-2 is known to have a tropism for the
medullary structures of the CNS, including the ventrolateral part
and the nucleus tractus solitarius, where the ACE2 receptor is
highly expressed (53).

The pathophysiology of COVID-19-related myocarditis is
thought to be a combination of direct viral injury and cardiac
damage due to the host immune response (54). In addition, toxic
effects of endogenous or exogenous catecholamines may show a
pattern of Takotsubo cardiomyopathy (14).

Cardiac arrhythmias, including new-onset atrial fibrillation,
heart block, and ventricular arrhythmias, are prevalent, occurring
in 17% of hospitalized patients and 44% of patients in the
ICU setting (34). Atrial arrhythmias are more common among
patients who required mechanical ventilation than among those
who did not (17.7 vs. 1.9%) (34).

Respiratory Manifestations

Impaired exercise tolerance is multifactorial and related to
cardiac sympathetic predominance, decreased response to
both sympathetic and parasympathetic stimuli that alter
cardiovascular and pulmonary function, muscle tone, and
impaired exercise tolerance (55). Airway sensory receptors
channel information to the central nervous system, which
regulates breathing and other parameters of lung function. This
degree of crosstalk is achieved through three distinct airway
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receptors: C-fiber receptors, rapidly adapting receptors, and
slowly adapting receptors. There are also deflation-activated
receptors (mechano-receptors) (55).

The parasympathetic nervous system regulates pulmonary
mucous production, airway smooth muscle tone, ciliary motility
and transport, mucous secretion, cough reflexes and also local
pulmonary inflammation and immunity (55).

SARS-CoV-2 infection-induced stress can activate the
sympathetic nervous system (SNS) leading to neurohormonal
stimulation and activation of pro-inflammatory cytokines
with further development of sympathetic storm. Sympathetic
overactivation in COVID-19 is correlated with increase in
capillary pulmonary leakage, alveolar damage, and development
of acute respiratory distress syndrome (56). However, it is
very likely that respiratory distress is not only the result of
inflammation and structural lung damage, but also of damage
caused by the virus to the respiratory centers of the brain, making
the management of these patients difficult (26).

The exact pathophysiological mechanism behind the “happy”
hypoxemia phenomenon is still unknown. Patients with severe
glossopharyngeal or vagus nerve lesions due to neck tumors or
congenital neuropathies have reported a disconnect between the
perceived degree of hypoxia and dyspnea after the development
of pneumonia. Possible damage to hypoxia-sensitive afferent
neurons in persons with COVID-19 could be due to cytokine
storm or the direct effect of SARS-CoV-2 on mitochondria
or nerve fibers. The brain magnetic resonance imaging (MRI)
findings and pathoanatomic studies in fatal cases of COVID-
19 are so far inconsistent in this regard and do not provide a
pathophysiological correlate to satisfactorily explain the absence
of dyspnea in these patients (57).

Other Manifestations

The incidence of gastrointestinal manifestations has ranged
from 12 to 61% in patients with COVID-19 (34). In a recent
meta-analysis of 29 studies, the pooled prevalence of individual
symptoms was reported to include that of anorexia (21%),
nausea and/or vomiting (7%), diarrhea (9%), and abdominal pain
(3%) (58).

In hospitalized COVID-19 patients, hypokalemia is frequent
and is also associated with increased mortality. Low serum
potassium may reflect increased aldosterone-mediated sodium/
potassium exchange in the kidneys, as well as endogenous
and exogenously administered epinephrine (14). ACE2
expression has been reported in the endocrine pancreas,
albeit inconsistently. Direct binding of SARS-CoV-2 to ACE2 on
p-cells could contribute to insulin deficiency and hyperglycemia.
The increase in counterregulatory hormones that contributes
to hepatic glucose production, decreased insulin secretion,
ketogenesis and insulin resistance (34) promotes hyperglycemia
in patients with COVID-19 at the time of hospitalization and has
been related to adverse prognosis (14).

Drug-Induced Autonomic Impairment

and/or ICU Admission

Cardiac arrhythmias, including atrial fibrillation and life-
threatening atrioventricular block, can be induced by
drugs used in the treatment of COVID-19. Among the

drugs used, especially at the beginning of the pandemic, are
chloroquine/hydroxychloroquine, macrolides (azithromycin)
and quinolones that can cause Torsades de Pointes-type
arrhythmias or other lethal arrhythmias as a potential
consequence of QT prolongation. Other drugs with
arrhythmogenic potential include other antiviral agents
such as lopinavir/ritonavir, favipiravir, immunomodulatory
treatments as tocilizumab, fingolimod, the anesthetic propofol,
the antiemetic domperidone, class IA and III antiarrhythmics
and the antipsychotic haloperidol, used in the initial phases of
the pandemic mainly to combat the so-called cytokine storm.
Drug combinations, especially QT-prolonging agents, used in
the early stages may have induced increased arrhythmogenicity
and secondary lethality (59). We suspect that all these events are
facilitated by disorders in the autonomic system.

Many critically ill COVID-19 patients often have previous
comorbidities, which together with acute comorbidities such as
electrolyte disturbances (hypokalemia, hypomagnesemia), fever,
systemic inflammation and excess autonomic lability contributes
to increased cardiovascular morbidity and mortality (47, 59).

Dysautonomia in Post-COVID-19 Condition

Dysautonomic symptoms observed after SARS-CoV-2 infection
are similar to those described after other viral infections such as
mumps, human immunodeficiency virus, hepatitis C, Epstein-
Barr, or Coxsackie type B virus (60, 61). In the severe acute
respiratory syndrome (SARS) epidemic of 2002-2004 [8,422
cases and 916 deaths (11% mortality)], one study reported that
40% of patients (67% female) still had chronic fatigue nearly
2 years after infection (62). Studies utilizing autonomic reflex
testing in post-SARS syndrome are scarce. One study of 14
patients (85% female) demonstrated an abnormal 30:15 ratio on
active stand testing in 4/14 (29%) patients at 6 months Post-
infection, with three reporting orthostatic intolerance (63). The
2012 coronavirus epidemic caused by the Middle East respiratory
syndrome virus (MERS) was more limited and resulted in 2,468
cases and 851 deaths (34% mortality), but to our knowledge there
are no reports of autonomic impairment following MERS (1).
Approximately 2.5% of patients with infection suffered Post-
COVID-19 autonomic dysfunction (21, 22). In an observational
cohort study involving 205 patients with confirmed or probable
COVID-19 infection who met specific eligibility criteria
(hospitalization, life-limiting symptoms beyond 12 weeks,
desaturation <=95% on a Harvard step test, or chest pain
with electrocardiographic changes during acute illness) a high
prevalence (25%) of Post-COVID dysautonomia (64) was shown.
Dysautonomia was defined as a resting heart rate (HR) >75
bpm, HR increase with exercise <89 bpm, and HR recovery
<25 bpm 1min after exercise (64) and was associated with
objective functional limitations (reduced work rate and peak
oxygen consumption and a steeper Vg/Vcoy slope), but was not
associated with subjective symptoms or limitations (64).

Orthostatic Intolerance Syndromes

It has been proposed that some symptoms of the post COVID-
19 condition may be related to a virus- or immune-mediated
disruption to the autonomic nervous system, resulting in
transient or long-term orthostatic intolerance syndromes. It is
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well established that some cases of autonomic disorders such
as NOH and POTS are associated with autoantibodies against
a-/B-adrenoceptors and muscarinic receptors (65-70).

When a healthy person stands upright, blood pools in the
pelvis and legs, reducing venous return to the heart. This is
detected by cardiac and aortic baroreceptors, which respond
by increasing sympathetic and adrenergic tone (mediated by
noradrenaline and epinephrine/adrenaline, respectively). This
results in tachycardia to compensate for the reduction in
stroke volume and is followed by vasoconstriction in the
splanchnic vascular bed, which increases the venous return to the
heart (69).

Orthostatic intolerance is the inability to tolerate the
upright posture because of symptoms of cerebral hypoperfusion
or sympathetic activation, or both, which are relieved by
recumbency (71). In orthostatic intolerance, the release of
epinephrine and norepinephrine causes pronounced tachycardia,
which is experienced as palpitations, breathlessness, and chest
pain. Very high catecholamine levels can lead to paradoxical
vasodilatation, sympathetic activity withdrawal and activation
of the vagus nerve, resulting in hypotension, dizziness and
ultimately, syncope (69).

Orthostatic  intolerance syndromes include neurogenic
orthostatic hypotension, neuromediated syncope and postural
orthostatic tachycardia syndrome, and even orthostatic
hypotension and neurally-mediated syncope should be
considered. Since POTS appears to be the most common
autonomic phenotype among PACS patients (1), the explanation
of this feature has been expanded.

Neurogenic Orthostatic Hypotension (NOH)

Defined as a reduction of systolic blood pressure of at least
20 mmHg or a reduction in diastolic blood pressure of at
least 10 mmHg within 3min of active standing or head-
up tilt on a tilt table (71-73). Approximately one third of
persistent orthostatic hypotension is neurogenic (20). It is due to
reduced norepinephrine release from postganglionic sympathetic
nerves, resulting in defective vasoconstriction when assuming
the upright position. It is most frequent in patients with
diabetes mellitus, neurodegenerative disorders and small fiber
neuropathies (73).

Neuromediated Syncope (Particularly Vasovagal Syncope)
This is the most common cause of syncope. The median number
of episodes over a lifetime is 3, with a recurrence rate of 30% at
30 months (74).

Postural Orthostatic Tachycardia Syndrome (POTS)

POTS is a disorder in which patients frequently experience
symptoms of orthostatic intolerance in response to postural
stressors, despite autonomic reflexes that are generally
preserved (71). The main POTS mechanisms are impaired
sympathetically- mediated vasoconstriction in the lower limbs
(neuropathic POTS), excessive cardiac sympathoexcitation
response (hyperadrenergic POTS), volume dysregulation,
joint hypermobility, and physical deconditioning. POTS is
characterized by an increase of 30 bpm or more over baseline
or a sustained heart rate of more than 120 bpm, according

to current standing criteria, and symptoms associated with
orthostatic intolerance without a drop in blood pressure
(Appendix 1) (71). There may be an overlap between POTS and
other disorders, in particular, orthostatic hypotension, vasovagal
syncope, panic disorders, psychogenic pseudosyncope, chronic
fatigue syndrome, Ehlers-Danlos syndrome, mast cell activation
disorder and cardiac arrhythmias and should be considered in
complex cases (71, 75).

Symptoms of cerebral hypoperfusion that may occur
with any of the disorders of orthostatic intolerance include
lightheadedness, dizziness, presyncope, vision and hearing
changes, lower limb or generalized weakness, and cognitive
difficulties (often vaguely termed brain fog). Symptoms of
sympathoexcitation that distinguish POTS from orthostatic
hypotension include palpitations, chest pain, dyspnea,
tremulousness, sweating, pallor, nausea, diarrhea, and coldness
of the extremities (Appendix 2) (76).

The affected population is usually young and predominantly
female (77). Prevalence estimates are imprecise and there are
no European data available to our knowledge. In the USA,
estimates range from 0.2 to 1.0% in the general population. The
onset of POTS may be precipitated by typical immunological
stressors such as viral infection (20-50% of patients), frequently
of the upper respiratory or gastrointestinal tract, vaccination (70),
trauma, pregnancy, surgery, cardiovascular deconditioning (78)
or even after a period of intense psychosocial stress. However,
in a considerable number of patients with POTS, there is
no clear identifiable trigger (79). Cardiac symptoms include
chest pain, palpitations, exercise intolerance and orthostatic
intolerance. More than 90% of patients with POTS have at least
one gastrointestinal (GI) symptom, with nausea, abdominal pain,
and bloating being the most common (80). Other symptoms that
frequently accompany POTS include fatigue, “mental confusion”,
headache, temporomandibular joint disorder, fibromyalgia and
sleep disturbances (81) and others listed by organ system in
Appendix 3. It is recommended that all patients presenting with
signs or symptoms of POTS should be evaluated to rule out the
diagnosis of POTS (7, 82).

These syndromes may be exacerbated by hypovolemia
resulting either from the initial infection or physical
deconditioning following prolonged bed rest in the intensive
care unit; prolonged bed rest leads to reduced cardiac output
and stroke volume, hypovolemia, baroreflex dysfunction and
decreased sympathetic responsiveness (69).

Other Symptoms

Other more Non-specific symptoms such as palpitations,
tachycardia during mild exertion, “resting heart rate increase”
(11%), chest pains/discomfort (16%), labile blood pressure,
new-onset hypertension (1%), gastrointestinal symptoms (e.g.,
abdominal pain, bloating, nausea/vomiting (16%), gastroparesis,
constipation or loose stools), sleep disorders (11%), flushing
(5%), peripheral vasoconstriction, sweating abnormalities (17%),
temperature intolerance and even unexplained low-grade fever
are also thought to be due to autonomic dysfunction (1, 83)
and their presence in any person after SARS CoV2 infection
should prompt a thorough examination for possible autonomic
dysfunction (69).
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Sinus tachycardia, episodic sinus bradycardia and sinus pauses
have been described as manifestations of autonomic dysfunction
in patients with COVID-19 infection (84). Pupillary responses
were impaired in patients recovering from COVID-19 vs. healthy
controls, showing a larger resting-state pupil diameter and higher
pupil contraction velocity, and lower values of dilatation latency
and duration of pupil constriction (45).

DETECTION AND DIAGNOSIS OF
DYSAUTONOMIA IN COVID-19

A very detailed anamnesis with a thorough medical history
is essential to obtain all the necessary information from
the patient. Therefore, questions should be asked about
different aspects. Frequent comorbidities include migraine
and other headaches, inappropriate sinus tachycardia, visceral
hypersensitivity, gastrointestinal dysmotility, chronic fatigue,
insomnia, fibromyalgia, and often autoimmune diseases
(71, 85). The histories of SARS-CoV-2 survivors with persistent
autonomic dysfunction may reveal frequent episodes of fainting,
dizziness, lightheadedness, and/or palpitations, revealing
underlying hypotensive susceptibility or prior orthostatic
intolerance syndrome (85, 86). Unexplained dyspnea, fatigue,
chest pain, persistent dizziness, diarrhea, recurrent presyncope
episodes, anxiety, panic attacks with low-threshold emotional
triggers or symptoms of irritable bowel syndrome, among
others, have been observed (69, 71). These patterns may be
explained by autonomic instability and may be a consequence
of deconditioning, hypovolemia and immune-mediated or viral
neuropathy (69). Although the exact etiology is unknown, it is
thought that patients with dysautonomia have a less favorable
body composition compared to those without dysautonomia
(higher body mass index and waist circumference) (64).

The quantity and diversity of the symptoms mentioned are
the reason why, among the proposed Neuro-PASC diagnostic
criteria, orthostatic intolerance and cardiovascular, respiratory,
gastrointestinal, and genitourinary manifestations are regarded
as significant and related to autonomic dysfunction (2).

In Post-COVID patients with suspected dysautonomia, the
Composite Autonomic Symptom Scale 31 (COMPASS-31)

questionnaire is a sensitive tool to test the likelihood of
autonomic dysfunction. This questionnaire has been previously
applied to COVID-19 survivors, who showed significantly higher
scores than controls, with an optimal cut-point for ruling out
cardiovascular autonomic dysfunction of 13.25 (85).

Parameters related to heart rate variability and blood
pressure in sitting and standing positions seem to be another
key element in the detection of dysautonomia in patients with
COVID-19 (20). Sinus tachycardia, episodic sinus bradycardia,
and sinus pauses have been described as autonomic dysfunction
manifestations in patients with COVID-19 infection (84). Table 1
offers a simple guideline for monitoring blood pressure and heart
rate in this context.

Blood tests (including complete blood count, renal function,
B-type natriuretic peptide, electrolytes, thyroid stimulating
hormone, and morning cortisol), resting 12-lead ECG, and the
6-min walking test should be routinely evaluated (85).

Holter ECG monitoring, 24h ambulatory blood pressure
monitoring, cardiothoracic imaging (chest X-ray, chest
Computed Tomography, echocardiography, and cardiac
magnetic resonance) and exercise testing are also invaluable
diagnostic tools for the study of Post-acute sequelae of SARS-
CoV-2 and COVID-19 complications (61, 85). It has been
suggested that remote electrophysiological monitoring or long-
term telemonitoring could be a very useful tracking tool after
hospital discharge, especially in patients who have been critically
ill (47, 59).

Active standing and/or head-up tilt tests are very useful
for evaluating PASC patients, especially in individuals with
inappropriate/orthostatic tachycardia, unexplained syncope, or
syndromes of orthostatic intolerance. Other autonomic function
tests include the Valsalva maneuver, deep breathing, and sweat
function testing (85). Sudomotor function is an indirect index
of sympathetic cholinergic Non-myelinated C-fiber activity,
since sweat glands lack parasympathetic innervation (31). It
can be assessed using Sudoscan, which allows estimation of
electrochemical skin conductance (ESC) (31, 87). Abnormal ESC
results suggest autonomic small fiber neuropathy and require
confirmation with other validated techniques of sudomotor
function, such as QSART testing and skin biopsy (1).

TABLE 1 | Interpretation of blood pressure and heart rate measurements in the event of clinical suspicion of orthostatic hypotension (20) and after differential diagnosis
with vertigo, postural instability, ataxia, weakness of leg muscles, and osteoarthritis with weight-bearing musculoskeletal pain.

After 5’ supine 1st measurement If BP: >140/90 mmHg — Probable NOH
position
1’ standing 2nd measurement If BP: |c+20/10 mmHg — hTO
[If BP: | +30/15 mmHg — assess whether MSA phenotype exists]
2'-5' standing 3rd—4th In case of high clinical suspicion without objective proof of hTO in the
measurements measurements, carry out several repetitions in this range until:
- BP: | +20/10 mmHg — hTO
[if also not so pronounced HR 1+ — NOH]
10’ standing 5th measurement Sustained HR 1430 Ipm* without hTO — POTS

(or head up tilt)

hTO, Orthostatic hypotension; NOH, neurogenic orthostatic hypotension; BR, blood pressure (mmHg); MSA, multiple system atrophy; HR, heart rate; POTS, Postural orthostatic

tachycardia syndrome; |, decrease; 1, increase.
*For individuals between 12 and 19 years old, 1440 lpm is required.
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DIAGNOSTIC MANAGEMENT OF THE SUSPECTED POST-COVID CONDITION

Serology against COVID-19, ANAs

DD: Anxiety disorders, hyperthyroidism, pheochromocytoma, asthenia, orthostatic hypotension, hypocortisolemia or other endocrinological disorders...
If > 6 weeks: Repeat screening tests, especially in women with rheumatologic pain (Aim: To rule out latent underlying autoimmune disease)

- Complete exam for dy ic features

Examinations:
HT or hT tendency. Low-BP phenotype, HR

* Decubitus, seated and y f . - ’
’ accelerations during daytime and in the morning

orthostatic BP
* 24 (48)-h ECG monitoring
* 6-min walk test

variability. If resting HR increases, rule out
appropriate or inappropriate sinus tachycardia.

after awakening. Normal HR nighttime. Reduced HR

/
/

Blood sample: C-reactive protein/procalcitonin, NT-proBNP,
anemia, electrolyte disorders, renal dysfunction, thyroid
disease, adrenal hormone abnormalities, morning cortisol

Complementary examinations: ECG Holter, 24h ambulatory
BP monitoring, chest CT (sequelae?), transthoracic
echocardiogram (myopericarditis?), exercise testing

Is the diagnosis confirmed?

CONFIRMED DIAGNOSIS

Start treatment

in

IF THERE ARE CONTINUING CONCERNS ABOUT POST-COVID STATUS: ASSESSMENT OF
CARDIOVASCULAR AUTONOMIC DYSFUNCTION (patient should be referred to a center or
specialist with good experience of POTS)

surveillance plan Self-administered scale Blood sample Additional examinations Reassess the
>~ ~ ~ relationshi
COMPASS-31 Elevated catecholamines and their Head-up tilt test P

metabolites in blood (NA and ADH
decubitus
bipedestation (3-5 min))

If > 3 months: ™

between chronic
.. symptomsand
“.. COVID-19 )

Active standing
Valsalva maneuver
Deep breathing

(30 min) and

CONFIRMED DIAGNOSIS

Start treatment
surveillance plan

Is the diag

is confirmed?

IF DIAGNOSTIC DOUBTS PERSIST

Blood sample:

~~

- Consider autoantibody testing if autoimmune
disease is known or suspected

- If mast cell activation syndrome is suspected
consider serum histamine and tryptase testing
(only useful within six hours after a crisis)

questionnaire; NA, Noradrenaline; ADH, Vasopressin.

FIGURE 4 | General indications for examining chronic symptoms described after COVID-19 (61, 75, 85). DD, Differential diagnosis; ANAs, antinuclear antibodies; BP,
Blood pressure; h, hours; ECG, electrocardiogram; min, minutes; HT, Hypertensive; hT, Hypotensive; HR, Heart Rate; NT-proBNP, N-terminal prohormone of brain
natriuretic peptide; CT, Computed Tomography; POTS, postural orthostatic tachycardia syndrome; COMPASS-31, Composite Autonomic Symptom Scale 31

A feature of PASC patients with POTS-like symptoms
is a high prevalence of specific circulating autoantibodies,
including G-protein-coupled receptor (GPCR) antibodies (such
as adrenergic, muscarinic and angiotensin II type-1 receptors)
and the ganglionic neuronal nicotinic acetylcholine receptor
(g-AChR) (75). Other recognized autoantibodies in POTS
include circulating anti-nuclear, anti-thyroid, anti-NMDA-type
glutamate receptor, anti-cardiac protein, anti-phospholipid, and
Sjogren’s antibodies (61, 71, 75, 85). Although neither sensitive
nor specific, autoantibody testing can be helpful in selected cases.
Specific tests for mast cell activation syndrome may also be
considered in PASC patients with flushing episodes, frequent
headaches, and persistent gastrointestinal symptoms (85).

Schematic summary of the diagnostic management of a
suspected Post-COVID condition is shown in Figure 4.

POSSIBLE TREATMENTS FOR
DYSAUTONOMIA IN COVID-19

Cardiovascular Dysautonomic Involvement
When there is cardiovascular dysautonomia, the following order
is recommended (55, 85, 88).

1/Physical reconditioning:

o Progressive aerobic exercise training programs.
o Use of compression accessories.

Water and salt intake.

Drinking water before getting up in the morning.
Sleeping with the head raised in bed.

Avoid situations that may exacerbate symptoms (sleep
deprivation, exposure to heat, alcohol intake or

large meals).

O O O ©o

RECOMMENDATION: At the onset of prodromal symptoms
and to delay/prevent vasovagal syncope, perform physical
maneuvers such as crossing legs, tensing muscles and squatting.

2/ In case of insufficient or complementary Non-
pharmacological measures in patients with severe refractory
symptoms (Table 2).

Because of the tendency for blood pressure to fluctuate,
as explained above, it is important to maintain a euvolemic
state and avoid excessive fluid administration during episodes
of hypotension, with gradual titration of vasopressors to
avoid excessive blood pressure, and to use short-acting
antihypertensive drugs in hypertensive crises (89).

Postural Orthostatic Tachycardia

Syndrome

There are some more specific management protocols available
to help treat POTS. The aspects mentioned below represent
a summary of the nonpharmacologic and pharmacologic
therapeutic options available for the management of POTS. For
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TABLE 2 | Therapeutic options in case of insufficient non-pharmacological
measures or as a supplement in patients with serious refractory symptoms.

TABLE 3 | Therapeutic proposal for orthostatic intolerance and intended effects
(71, 73).

Volume expanders Fludrocortisone, desmopressin, and

intravenous saline

Heart rate inhibitors Propranolol, ivabradine, and

pyridostigmine
Vasoconstrictors Midodrine, octreotide,
methylphenidate, and droxidopa
Sympatholytic drugs Clonidine and methyldopa

more detail, it is advisable to consult documents that address
these issues in greater depth (90, 91).

e Non-pharmacologic measures: There is no Class I
recommendation. The Class IIA recommendation is based
on physical training to avoid chronicity of symptoms.
Indications based on the management of orthostatic
intolerance syndromes, such as educating the patient about
the pathology, simple isometric, aerobic and resistance
exercises, ensuring fluid replacement (2-3 liters of water
per day, avoiding caffeine and alcohol) and one or two
additional teaspoons of salt per day are maintained (Class
IIB), as well as moving carefully from a lying or sitting to a
standing position and avoiding exacerbating factors such as
prolonged standing, hot environments and dehydration, using
waist-high compression garments and assessing the need for
fluid expanders if hypovolemia is considered to be a dominant
symptom, among others (69, 90). Long-term repeated saline
infusions are not recommended (78).

Pharmacologic ~ measures: ~ Midodrine,  beta-blockers,
fludrocortisone, pyridostigmine, clonidine and alpha-
methyldopa (Class IIB) (69). The only drugs that have
demonstrated benefits in randomized trials are propranolol
and pyridostigmine (71). Since there is no good evidence
in this regard, polypharmacy is frequent; the overall
effects of drug therapy however are modest. Likewise, it
is recommended to discontinue the intake of noradrenaline
reuptake inhibitors such as duloxetine, nortriptyline,
and tapentadol. It should also be considered whether
the indication of fludrocortisone, midodrine, clonidine
methyldopa or propranolol is necessary, bearing in mind that
these drugs are not usually very well tolerated (69, 91).

A schematic proposal for the management of orthostatic
intolerance is set out in Table 3.

Other Therapeutic Options

Other therapeutic options include Non-invasive
neuromodulation  (especially transcranial direct current
stimulation, repetitive transcranial magnetic stimulation and
vagus nerve stimulation) which could be used in patients with
COVID-19 and autonomic dysfunction (92). It seems that it may
on the one hand reduce the impact of the infection by stimulating
regions involved in the regulation of systemic anti-inflammatory
and/or autonomic responses, prevent neuroinflammation and
aid recovery of breathing, and, on the other, improve the

Treatment Mechanism

Non-pharmacologic
Increase water and sodium intake Avoids hypovolemia

Compression and physical
countermaneuvers

Reduces venous pooling

Physical exercise training, including
gradual resistance and lower
extremity resistance training

Improves physical deconditioning and
reduces venous pooling

Pharmacologic

Propranolol: 10 mg 1-3 times/day Reduces standing heart rate and
improves orthostatic symptoms,
especially in hyperadrenergic patients

with POTS

Reduces venous pooling and
orthostatic hypotension, especially in
neuropathic patients with POTS.
Patients should be advised not to lie
flat for at least 4 h after any dose of
midodrine to avoid supine
hypertension

Midodrine: 2.5-15 mg 2-3 times/day
(8-4 h before going to bed)

Pyridostigmine: 30-60 mg 2-3
times/day

Reduces orthostatic tachycardia and
improves chronic symptoms without
worsening supine hypertension. Use
should be limited in case of diarrhea,
abdominal cramps, pain, nausea,
urinary frequency and urgency

Fludrocortisone: 0.05-0.2 mg
once/day

The effect only lasts 1-2 days, avoid
prolonged use due to renal and
cardiac involvement

Ivabradine: 5-10mg Reduces heart rate without affecting

blood pressure

IV fluid therapy (saline) Improves symptoms quickly although
the effect lasts a short time. It is

considered a bridging therapy
Others:
- Droxidopa 100-600 mg 3 times/day
(8-4 h before bedtime)
- Atomoxetine 10-18 mg 2 times/day

symptoms of musculoskeletal pain, systemic fatigue, physical
and cognitive rehabilitation after the disease, even if it has been
critical, as well as treat the distress generated by the disease (92).

KEY POINTS

e Dysautonomia, present in at least 2.5% of COVID-19 patients,
is clinically similar to dysautonomia secondary to other viral
infections. The prevalence of Post-COVID dysautonomia
could rise to 25% in those patients who met specific eligibility
criteria (hospitalization, life-limiting symptoms beyond 12
weeks and so on).

Potentials mechanism of autonomic impairment caused by
SARS CoV2 are based on direct tissue damage, immune
dysregulation, hormonal disturbances, elevated cytokine levels
due to immune reaction leading to chronic inflammation,
and persistent low-grade infection. The EAS with allostasis
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and dyshomeostasis may partially explain the mortality and
multi-organ involvement in COVID-19 patients.

The major socioeconomic impact of symptom persistence
after COVID-19 infection stems from fatigue, autonomic and
neurohemodynamic involvement, hence the need for early
intervention in these areas.

Dysautonomic involvement secondary to COVID-19 may
be acute-subacute, caused by drugs and/or ICU admission,
and chronic, as in the Post-COVID-19 condition, due to
orthostatic intolerance syndromes of autoimmune origin.

A careful neurologic assessment is necessary in any patient
with findings compatible with autonomic dysfunction
following SARS CoV-2 infection.

Protocols for the diagnostic and therapeutic management of
autonomic dysfunction are mainly aimed at avoiding triggers
of orthostatic intolerance by means of pharmacologic and
Non-pharmacologic measures.

LIMITATIONS

Some limitations need to be acknowledged in the interpretation
of our results. First, this is not a systematic review. We
limited our scope to selected articles which we believed could
be the most representative ones. Secondly, we relied on
PubMed only for our search strategy. Among the strengths
of our study, we analyzed an important quantity of articles
highlighting the most relevant research on COVID-19
and dysautonomia.

CONCLUSION

Two years after the declaration of the COVID-19 pandemic,
patients affected by this disease continue to manifest patterns of
neurological involvement attributable to autonomic dysfunction.
This could be the result of a multifactorial etiology deriving
from physical deconditioning after time spent isolated in home,
hospital wards or intensive care units, hypovolemia, virus-
mediated neuropathy, or an immune response secondary to
infection. One of the consequences is that a high percentage
of patients with COVID-19 do not make a full return
to work due to residual symptoms. The socioeconomic
impact is considerable and could be significantly reduced
with an appropriate diagnostic and therapeutic protocol for
the underlying autonomic dysfunction. Considering the wide
dissemination of COVID-19 worldwide and the extraordinary
dissemination of the SARS-CoV2 omicron variant and its
emerging subvariants, it would appear to be imperative to
adopt measures that, in addition to containing the spread of
the virus, also help improve the acute management of infected
patients and prevent and/or reduce the long-term sequelae of
the infection.

Among these measures, one would be improving access to
autonomic testing for early diagnosis of autonomic dysfunction.
This would allow early treatment, reducing the associated
morbidity and mortality and thus containing its personal and
socioeconomic impact.

At the same time, the sheer scale of the infection and of
the Post-COVID-19 syndrome presents a unique opportunity
to add to our knowledge and understanding of the specific
mechanisms responsible for orthostatic intolerance, POTS-like
symptoms, and their duration. It is particularly noteworthy that
the comprehension of the mechanisms of self-immunity could
generate new pathophysiological hypotheses applicable to other
disorders with which could share clinical similarities such as
chronic fatigue syndrome or fibromyalgia. This improvement in
awareness may turn out to help ameliorate diagnostic accuracy
in these entities, currently very diffuse and poorly managed.
Hence the value of studying in depth the clinical pictures
found in patients with the Post-COVID-19 syndrome, especially
Post-COVID-19-POTS condition, for which a special effort is
required in terms of clinical care and resources devoted to
their research.

A better recognition of dysautonomia will help to improve
the management of COVID-19 in all its phases, providing
information for possible diagnostic and therapeutic tools
applicable not only to these patients, but also to those
affected by other pathologies with physiopathological
similarities (other viral conditions, Alzheimer’s disease,
Parkinson’s disease, and so on). We therefore recommend
further studies to explore the prevalence, pathophysiology,
clinical features, and treatment approach in patients with
COVID-19-related dysautonomia.
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