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Abstract
Objective To describe clinical features, diagnostic findings, treatments, and outcomes in patients with new-onset postural 
orthostatic tachycardia syndrome (POTS) and other autonomic disorders following SARS-CoV-2 infection (COVID-19).
Methods We retrospectively reviewed medical records for patients who presented with persistent neurologic and cardiovas-
cular complaints between April and December 2020 following COVID-19 infection.
Results Twenty patients (70% female) were included in this study.Fifteen had POTS, 3 had neurocardiogenic syncope, and 2 
had orthostatic hypotension. Six patients had abnormalities on cardiac or pulmonary testing, and 4 had elevated autoimmune 
or inflammatory markers. All patients were treated with non-pharmacologic therapies, and most required pharmacologic 
therapies. Six to 8 months after COVID-19, 17 (85%) patients had residual autonomic symptoms, with 12 (60%) unable to 
return to work.
Conclusions POTS can follow COVID-19 in previously healthy patients. Appropriate diagnostic investigations and therapies 
are necessary to identify and treat autonomic dysfunction after COVID-19.

Keywords COVID-19 · Neurologic complications · Postural orthostatic tachycardia syndrome · Neurocardiogenic 
syncope · Orthostatic hypotension

Introduction

Coronavirus disease 2019 (COVID-19), caused by SARS-
CoV-2 virus, is associated with various neurologic, includ-
ing autonomic, manifestations in both hospitalized and non-
hospitalized patients [1, 2]. Isolated case reports and a case 
series of 6 patients presenting with autonomic nervous sys-
tem dysfunction after COVID-19 have been reported [2–5].

Postural orthostatic tachycardia syndrome (POTS), one 
of the most common autonomic disorders, has a wide range 
of clinical manifestations, such as postural tachycardia, diz-
ziness, orthostatic intolerance, presyncope, and exercise 

intolerance. POTS commonly occurs after viral or bacterial 
infections, such as Epstein-Barr virus, influenza, and Bor-
relia burgdorferi infection [6, 7]. Due to increasing reports 
of post-COVID-19 POTS, we aimed to investigate patients 
with new-onset autonomic disorders following COVID-19 
infection. In this case series, we report the clinical features, 
diagnostic findings, treatment, and outcomes of 20 patients 
with new-onset autonomic dysfunction after COVID-19 
infection.

Methods

We performed a retrospective chart review of patients who 
presented to Dysautonomia Clinic, an outpatient referral 
clinic, with persistent neurologic and cardiovascular com-
plaints after acute COVID-19 infection, and who had evi-
dence of orthostatic intolerance (OI) on a tilt table test (TTT) 
or a 10-min stand test between April 2020 and December 
2020 following either presumed or laboratory-confirmed 
COVID-19 infection. Patients were either self-referred or 
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referred to Dysautonomia Clinic by their healthcare provider 
for an evaluation and treatment of a suspected autonomic 
disorder following COVID-19. Patients were diagnosed 
with POTS if they had a heart rate increase of 30 beats per 
minute (bpm) or more, or over 120 bpm within 10 min of 
standing, in the absence of orthostatic hypotension (OH) [8]; 
orthostatic hypotension (OH) if they had a decrease in sys-
tolic blood pressure of 20 mm Hg or a decrease in diastolic 
blood pressure of 10 mm Hg within 3 min of standing or a 
TTT [9]; or neurocardiogenic syncope (NCS) if they experi-
enced loss of consciousness with abrupt blood pressure and 
heart rate drop during standing or tilt table test [9]. Out of 
28 charts that were reviewed for this study, 3 patients with 
persistent complaints after COVID-19 were excluded due to 
having no evidence of OI, and 5 patients were excluded due 
to a personal history of autonomic disorders, such POTS, 
NCS, or OH prior to developing COVID-19, which yielded 
20 patients who were included in this study. All patients 
were evaluated and followed by one author (SB).

Standard protocol approvals, registrations, 
and patient consents

The study was approved by the Institutional Review Board 
at State University of New York at Buffalo Jacobs School of 
Medicine and Biomedical Sciences.

Results

A total of 20 patients, (70% female), median age 40 (age 
range 25–65) years, were included in this study. Six patients 
had pre-existing minor autonomic symptoms, such as occa-
sional dizziness, syncope, or palpitations, and 4 had a remote 
history of concussion. Prior to COVID-19, none had chronic 
OI, and all patients were fully functional and employed.

Patients’ clinical characteristics are presented in Table 1, 
and a summary of important findings is outlined in Table 2.

Acute COVID‑19 presentation

Six patients had COVID-19 confirmed by positive SARS-
CoV-2 polymerase chain reaction (PCR) or antibody (IgG) 
test (Table 1). A majority of patients had either a negative test 
or could not be tested in a timely manner due to the limited 
testing capabilities in March–April of 2020, but those with 
a negative test were presumed to have COVID-19 by their 
primary care physician based on clinical features, timing of 
onset, and prevalence of COVID-19 in their area. Addition-
ally, due to the limited availability and access to testing, a 
number of patients who tested negative  with SARS-CoV-2 
PCR had a significant delay in the timing of their test in rela-
tionship to the onset of COVID-19 symptoms, which resulted 

in falsely negative test result. During COVID-19 infection, 15 
patients experienced a typical acute respiratory syndrome, 10 
patients experienced anosmia and ageusia, 2 patients were 
diagnosed with pneumonia, but none was hospitalized for 
COVID-19. The youngest patient in the series, a previously 
healthy 25-year-old woman, had no acute viral illness, but 
developed sudden onset of shortness of breath, exercise intol-
erance, postural tachycardia, hypersomnolence, and severe 
fatigue in March of 2020 that, in conjunction with abnor-
mal pulmonary function tests, were presumed to follow an 
asymptomatic COVID-19 infection, given a high prevalence 
of COVID-19 in her area and her living in an apartment build-
ing where other infected individuals resided.

Post‑COVID‑19 presentation

After resolution of COVID-19 infection, most patients expe-
rienced fatigue, postural tachycardia, OI, dizziness, and exer-
cise intolerance that were chronic and disabling. Six had mild 
abnormalities on cardiac or pulmonary testing as described in 
Table 1, and 4 had elevated markers of autoimmunity and/or 
inflammation; however, not all patients were tested with thor-
ough diagnostic studies based on autonomic testing protocols 
due to limited access to clinical facilities during lockdowns. 
Based on a 10-min stand tests or TTTs where available, 15 
patients were diagnosed with POTS, 3 with NCS, and 2 with 
OH (Fig. 1a). All patients were advised to utilize non-pharma-
cologic therapy for autonomic dysfunction, which consisted 
of increased sodium chloride and fluids intake, waist-high 
compression stockings and abdominal binders, and sitting or 
supine exercise. Sixteen (80%) patients required pharmaco-
therapy for the autonomic dysfunction, which included beta 
blockers, fludrocortisone, midodrine, ivabradine, and other 
medications used for treatment of comorbid conditions, such 
as headache, neuropathic pain, or allergic symptoms associ-
ated with mast cell activation disorder.

Patient outcomes

Most patients (85%) self-reported residual symptoms 
6–8 months after COVID-19, although many felt that they 
had improved with treatment. Only 3 patients returned to 
work full time with near or complete resolution of symp-
toms, and an additional 5 patients were able to work full time 
from home with some accommodations within 8 months 
after COVID-19 (Fig. 1b).

Discussion

In this largest case series to date, we found that POTS and 
other common autonomic disorders can follow COVID-19 in 
previously healthy non-hospitalized patients who experience 
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significant disability 6–8 months after an acute infection, 
and these patients require appropriate diagnostic and thera-
peutic interventions to improve their symptoms and func-
tional status.

POTS is a disorder of the autonomic nervous system 
characterized by a rise in heart rate of at least 30 bpm from 
supine to standing position in the absence of OH, and in 
conjunction with symptoms of presyncope and OI; POTS is 
diagnosed by a TTT or a 10-min stand test [6, 8]. In this case 
series, a majority of patients were diagnosed via a 10-min 
stand test performed either at a doctor’s office or via self-
administered stand test observed by the author (SB) as part 
of the tele-neurology exam. All patients were treated with 
non-pharmacologic therapies, and most required pharmaco-
logic treatment for the autonomic dysfunction and comor-
bid conditions. Six to 8 months after COVID-19, 85% of 
patients had residual autonomic symptoms, with 60% unable 
to return to work.

POTS can be triggered by infection, surgery, pregnancy, 
or concussion, with the post-infectious being the most com-
mon mode of onset [6]. Isolated cases and one case series 
consisting of 6 patients with POTS and other autonomic dis-
orders that followed COVID-19 infection have been reported 
[2–5]. Similar to our case series, treatment outcomes of 
these reported patients have been variable. Nevertheless, 
in our case series, many patients experienced improvement 
with treatment of POTS, which included beta blockers, 
fludrocortisone, midodrine, ivabradine, and other medica-
tions used for treatment of comorbid conditions, such as 
headache, neuropathic pain, or allergic symptoms associated 
with mast cell activation disorder.

In this case series, almost a third of the patients had a 
history of occasional autonomic symptoms, such as dizzi-
ness, syncope, or palpitations, and 20% had a remote history 
of concussion. While it is difficult to draw any conclusions 
from a case series, it is possible that a pre-existing history of 
minor autonomic symptoms or concussion, a known trigger 

Table 2  Summary of important findings

GI, gastrointestinal; IgG, immunoglobulin G; NCS, neurocardiogenic 
syncope; OH, orthostatic hypotension; PCR, polymerase chain reac-
tion; POTS, postural orthostatic tachycardia syndrome

Number 
of patients 
(%)

Sex
  Female 14 (70)
  Male 6 (30)

SARS-CoV-2 PCR or IgG test
  Positive 6 (30)
  Negative or not completed 14 (70)

Acute COVID-19 presentation
  Respiratory syndrome 15 (75)
  GI symptoms 5 (25)
  Anosmia and ageusia 10 (50)
  Pneumonia 2 (10)
  Hospitalizations 0 (0)

Post-COVID-19 autonomic disorder
  POTS 15 (75)
  NCS 3 (15)
  OH 2 (10)

Outcomes
  Recovered (100%) 3 (15)
  Residual symptoms 17 (85)
  Able to work part-time to full-time 8 (40)
  Unable to work 12 (60)

Clinical features
  Abnormal cardiac or pulmonary tests 6 (30)
  Elevated markers of autoimmunity/inflammation 4 (20)
  History of minor autonomic symptoms before 

COVID-19
6 (30)

  Remote history of concussion 4 (20)

Fig. 1  a Autonomic disor-
ders and b Patient outcomes 
6–8 months after COVID-19. 
POTS, postural orthostatic 
tachycardia syndrome; NCS, 
neurocardiogenic syncope; OH, 
orthostatic hypotension 
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of the autonomic dysfunction, might be risk factors for post-
COVID-19 autonomic disorders.

Of interest is that nearly a third of the patients in this 
case series had confirmed mild abnormalities on cardiac 
or pulmonary testing, and 20% had abnormal markers of 
autoimmunity or inflammation, which suggests that patients 
with persistent cardiovascular and neurologic symptoms 
after COVID-19 may have an underlying autoimmune and/
or inflammatory process that affects cardiopulmonary, neu-
rologic, and immunologic systems. This is in agreement 
with the consideration that autoimmunity is one of the major 
mechanisms in the pathophysiology of POTS. Previously, 
we have demonstrated that patients with POTS had a higher 
prevalence of the autoimmune markers, such as anti-nuclear 
antibodies and anti-phospholipid antibodies, and comorbid 
autoimmune disorders, including Hashimoto’s thyroiditis, 
rheumatoid arthritis, and celiac disease, than the general 
population [10]. More specifically to the autonomic nerv-
ous system, ganglionic N-type and P/Q type acetylcholine 
receptor antibodies, alpha 1, beta 1 and beta 2 adrenergic 
antibodies, muscarinic M2 and M4 antibodies, angiotensin 
II type 1 receptor antibodies, and opioid-like 1 receptor anti-
bodies have been identified in patients with POTS [11–14]. 
Although the etiology of post-COVID-19 autonomic disor-
ders is largely unknown, it is possible that the SARS-CoV-
2-generated antibodies cross-react with components of the 
autonomic ganglia, autonomic nerve fibers, G-protein-cou-
pled receptors, or other neuronal or cardiovascular receptors, 
which can lead to dysfunction of the autonomic nervous sys-
tem. Further studies are needed to determine whether post-
COVID-19 autonomic disorders are rooted in autoimmunity 
and what type of antibodies or cytokines may be mediating 
the autoimmune and/or inflammatory process.

Strengths and limitations

To the best of our knowledge, this is the largest case series to 
date of patients presenting with POTS and other autonomic 
disorders following COVID-19. Due to the pandemic, access 
to medical facilities was limited, and therefore a TTT, other 
autonomic and cardiopulmonary function tests, and serum 
autoimmune studies were not performed in all 20 patients. 
Similarly, there was limited access to SARS-CoV-2 PCR 
tests between March and April of 2020, which resulted in a 
substantial number of patients having no laboratory confir-
mation of the clinically diagnosed COVID-19. Due to the 
retrospective nature of our case series, standardized patient-
reported outcome measures were not collected. Prospective 
studies with complete diagnostic investigation in a large 
cohort of patients are needed to delineate the pathophysiol-
ogy, etiology, and the best treatment approaches in patients 
with post-COVID-19 autonomic disorders.

Conclusion

New-onset POTS and other autonomic disorders can follow 
COVID-19 in previously healthy non-hospitalized patients 
who experience persistent neurologic and cardiovascular 
symptoms after resolution of acute infection. Physicians 
should be aware that POTS and other autonomic disorders 
may be a complication of COVID-19 and should consider 
appropriate diagnostic and therapeutic interventions in these 
patients.

Data availability The data that support the findings of this study are 
available from the corresponding author upon reasonable request.
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