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Abstract: Postural orthostatic tachycardia syndrome (POTS) and its related symptoms have been identified as 

a possible complication of COVID-19 infection and vaccination and have recently gained attention. The 

diagnosis and management of POTS require great care and attention, even under normal circumstances, due 

to its complex nature. However, the COVID-19 pandemic and its complications have further complicated the 

diagnosis and management of this syndrome in COVID-19-related settings. The objective of this study is to 

enhance our comprehension of POTS and POTS-like symptoms in the context of COVID-19. To achieve this, 

we provide a concise overview of the POTS concept, its potential underlying mechanisms, available clinical 

reports of POTS following COVID-19 infection and vaccination, as well as the clinical manifestations of this 

syndrome in COVID-19-related scenarios with a brief overview of its management. 

Keywords: postural orthostatic tachycardia syndrome (POTS); COVID-19; SARS-CoV-2; 

vaccination 

 

1. Introduction 

The Coronavirus disease 2019 (COVID-19) pandemic has revealed several strange features of a 

viral infection. At the beginning of the pandemic, it had been believed that COVID-19 is 

predominantly a respiratory disease with occasional gastrointestinal involvement. Nevertheless, the 

vast range of neurological, cardiovascular, dermatological, and metabolic complications occurring 

during the pandemic was later discovered to be attributable to the virus[1, 2]. Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) has led to many serious cardiac consequences, including 

myocardial infarction in individuals with no cardiovascular risk factors, which has subsequently 

been demonstrated to be the result of this viral infection. Later, the introduction of SARS-CoV-2 

vaccines further complicated the condition. Despite being an essential health issue, vaccines are 

sometimes followed by adverse events (AEs). Some vaccine-associated AEs, like thromboembolic 

events, are life-threatening, while others are only bothersome without risk of death[3-5].  

As time progresses since the onset of the ARDS-like condition caused by COVID-19, it has 

become increasingly apparent that individuals may experience long-term effects. One such effect is 

POTS, which has now been referred to as a component of "Long-COVID." This condition impacts 

COVID-19 survivors and can be challenging to diagnose and treat due to its clinical similarities with 
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other post-COVID symptoms. The syndrome can significantly impact an individual's life, affecting 

their physical, functional, social, and psychological well-being[6]. Additionally, it also causes 

financial difficulties for the person affected[7]. 

Diagnosis of POTS has always been challenging, even without considering the Covid pandemic 

and its complications. As a result of the pandemic and, its consequences have made it much more 

complicated than before to distinguish between POTS-not related to Covid and POTS as 

complications of post-COVID-19 infection or its vaccination. Although this syndrome is often 

undiagnosed, it is diagnosed as an anxiety disorder due to hyperadrenergic symptoms and other 

similarities[8]; Moreover, this debilitating condition has not only been reported its relation to COVID-

19 infection but also to post-Covid vaccination[9]. 

Thus, in the current study, we not only examined the concept of POTS, its possible underlying 

mechanism, and its relationship with COVID-19 infection and how to manage them, but we also 

compared the manifestations and characteristics of POTS after COVID-19 infection with POTS after 

the Covid-19 vaccine, based on the existing literature. 

2. POTS 

2.1. What is POTS? 

POTS is a complex medical condition characterized by hemodynamic and clinical criteria; this 

syndrome is a persistent chronic condition and should last at least three months. Hemodynamic 

changes comprise a sustained increasing heart rate of 30 beats per minute in individuals older than 

19 or an increase of 40bpm in patients younger than 19 years; these hemodynamic changes should 

occur transitioning from a supine to an upright position within 10 minutes in the vertical position 

without orthostatic hypotension or definite underlying etiologies. Clinical manifestations can be 

categorized into positional-related symptoms and unrelated positional symptoms. Positional-related 

symptoms include lightheadedness, tremor, palpitation, and atypical chest discomfort. On the other 

hand, unrelated positional symptoms include headaches, chronic fatigue, exercise intolerance, 

deconditioning, perceived mental impairment (commonly known as "brain fog"), peripheral 

acrocyanosis (also called "POTS feet"), frequent nausea, mild diarrhea, constipation, bloating, and 

unspecific abdominal discomfort (such as "irritable bowel syndrome")[10].  

2.2. What is the pathophysiology of POTS? 

While several possible underlying pathophysiologies of POTS have been postulated, the 

following explanations comprise "autonomic denervation"(e.g.,.post ganglionic autonomic fiber 

restriction, Sympathetic tone impairment)[11], "hypovolemia"(blood volume and renin-angiotensin-

aldosterone activity reduction)[12], "hyperadrenergic stimulation"(Norepinephrine transporter 

deficiency)[13], and "deconditioning"( Stroke volume reduction)[14] have been more widely 

accepted. Despite the semi-acceptance of most of these mentioned mechanisms, it should be noted 

that POTS is not necessarily dependent on these mechanisms; This suggests that these mechanisms 

may be linked to POTS rather than being the direct cause.  

Although some studies have reported upper respiratory and digestive tract infections with viral 

agents such as influenza, EBV, and Borrelia burgdorferi as the responsible agents prior to the 

initiation of POTS[15, 16], the relationship of this syndrome with collagen vascular and autoimmune 

diseases have also been reported[17, 18]. Moreover, some exacerbating factors, such as trauma, 

pregnancy, and heightened psychological or social stress, can potentially trigger or exacerbate the 

condition [11, 19]. 

2.3. POTS diagnosis and management 

Diagnosing POTS is quite tricky and necessitates careful attention and effort. It has been found 

that a significant proportion of patients, four out of five to be precise, are initially diagnosed with 

psychological disorders before receiving a POTS diagnosis, according to a recent study[20]. The lack 

of clarity of manifestations and the widespread nature of tachycardia, which exists in a broad 
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spectrum of diseases, add to the difficulty of diagnosis. The diagnosis of POTS requires a 

comprehensive assessment of clinical signs and symptoms, as well as a hemodynamic status 

examination. It is essential to conduct both evaluations simultaneously to obtain an accurate 

diagnosis. In other words, misdiagnosis might occur if attention is paid solely to clinical 

manifestation or hemodynamic orthostatic changes[21]. 

Chronic orthostatic intolerance syndromes include a group of diseases with similar clinical 

manifestations and hemodynamic instability, one of which is POTS; the others include "POTS plus, 

"postural symptoms without tachycardia(PSWT), "PSWT plus," and "postural tachycardia of other 

causes(PTOC)[10]." Consequently, the complicated nature of POTS, besides differential diagnoses, 

underlying diseases, drug complications, and existing in the chronic orthostatic intolerance 

syndromes category, makes the POTS diagnosis more challenging and requires clinical expertise and 

careful observation. 

The diagnosis of POTS is usually delayed due to the nonspecific presentations of this condition. 

The most sensitive method to detect POTS is a detailed medical history, physical examination with 

vital orthostatic signs or brief tilt table test, and a resting 12-lead electrocardiogram. When managing 

patients with POTS, it is imperative to carefully monitor their diet, particularly their salt and water 

intake, and thoroughly assess their autonomic system. Furthermore, a detailed assessment of 

medications and substance use is crucial, which can exacerbate or imitate POTS, despite often being 

neglected in the clinical history. These measures are essential for effective POTS management and 

should be considered in the patient's care plan[22-24].  

POTS and inappropriate sinus tachycardia overlap several manifestations. A 24-hour Holter 

monitoring may assist in distinguishing between the two scenarios. Several patients with suspected 

POTS may not exhibit the classic 30-point rise in their heart rate during their medical visit; Rather, 

they may tend towards increased heart rate in an upright position[25]. A monitoring device that can 

differentiate these patterns from other arrhythmias may be advantageous for these patients. Morning 

evaluations are typically more sensitive since the heart rate fluctuates throughout the day [26]. The 

head-up tilt and active upright position tests are additional diagnostic tools that could be helpful. 

POTS is diagnosed when a patient experiences a heart rate increase of 30 beats per minute or more 

within the first 10 minutes of a head-up tilt or active upright standing position test; Increasing heart 

rate should not be accompanied by a corresponding decrease in blood pressure[23].  

Although autonomic examinations such as Valsalva maneuvers, deep breathing tests, tilt table 

testing, and plasma norepinephrine levels are not routinely performed, in such cases, highly 

suspicious for autonomic neuropathy can be done besides referring them to the specialist. It is unclear 

whether neuroimaging or antibody testing has any medical value for these patients and is not a 

standard part of clinical practice[10, 27].  

Additional diagnostic testing may be warranted in selected patients based on clinical signs. 

Diagnosing postural orthostatic tachycardia requires that orthostatic hypotension (a fall in blood 

pressure of more than 20 mm Hg systolic or 10 mm Hg diastolic within three minutes of standing) 

and other probable causes of tachycardia (e.g., anemia, dehydration, fever, sepsis, endocrinological 

conditions such as hyperthyroidism or Addison’s disease, respiratory conditions such as pulmonary 

embolism, and cardiac conditions) be excluded.  

Hence, through laboratory workup including measurement of blood glucose, serum cortisol, 

complete blood count, renal and thyroid function tests, inflammatory biomarkers like erythrocyte 

sedimentation rate (ESR) and C reactive protein (CRP), ferritin, vitamin B12, folate, and calcium, In 

addition, chest x-ray imaging is required if clinically indicated. However, it should be noted that 

cardiac ischemia, myocarditis, and pulmonary embolism must be considered in any patient 

presenting with possible acute cardiac symptoms, as acute conditions need to be urgently detected 

and managed[22, 24, 28]. 

Current management of POTS is predominantly dependent upon symptom therapy and lifestyle 

modification. The management of POTS consists of non-pharmacologic(as the first line) and 

pharmacologic therapies. Non-pharmacologic treatment includes increasing fluid and salt intake, 

increasing isometric and aerobic exercise, lower-limbs strengthening, the gradual elevation of 
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intensity and duration of physical activity- Exercises should be initiated in a lying-down position if 

standing exercise and physical activity exacerbate symptoms-., psychological support and training to 

control pain and anxiety, rehabilitation, reassurance, and family education, and avoiding triggers like 

alcohol, caffeine, heavy meals, prolonged standing or upright position, warm places, and 

discontinuation of antihypertensive drugs including hypotensive medications like diuretics, opiates, 

a-receptor blockers, angiotensin-converting enzyme inhibitors, nitrates, tricyclic antidepressants, 

monoamine oxidase inhibitors, phenothiazines, and sildenafil citrate if possible[29, 30]. 

Pharmacologic treatment includes heart rate control, peripheral vasoconstriction, and 

intravascular volume increase. Medical therapy is usually individualized but generally consists of β-

blockers (Propranolol), channel blockers (Ivabradine), α-agonists (Clonidine), antihistamines 

(Diphenhydramine), mineralocorticoids (Fludrocortisone), vasopressin analogs (Desmopressin), 

anticholinesterase inhibitors (Pyridostigmine), CNS stimulants (Modafinil), and selective serotonin 

reuptake inhibitors (Sertraline). POTS may interfere with even the most minor energy-requiring daily 

activities like bathing or housework, significantly decreasing functional capacity. Nevertheless, it is 

not associated with mortality; many patients improve after diagnosis and proper treatment [31-35]. 

3. POTS following SARS-CoV-2 infection 

The COVID-19 pandemic has caused patients to experience prolonged symptoms that can be 

highly debilitating. These symptoms are commonly referred to as "long COVID," "long-haul COVID," 

Post-Covid syndrome," or "chronic COVID"[36].  

Widely known terms "Long-COVID" and "Post-COVID Syndrome" also refer to post-acute 

sequelae of SARS-CoV-2, a combination of signs and symptoms that continue for weeks or months 

after the SARS-COV-2 infection initiation. According to the current broadest definition, LONG-

COVID refers to the continued presence of symptoms or the new onset of malaise that persists for a 

minimum of four weeks following a laboratory-confirmed case of COVID-19 despite the receipt of 

appropriate medical attempts[37].  

Long-Covid symptoms comprise shortness of breath, palpitation, chest discomfort, orthostatic 

intolerance, fatigue,  joint and muscle aches, headache, tinnitus, sleep trouble, and gastrointestinal-

like symptoms(e.g., Nausea, diarrhea, abdominal discomfort), and also neuropsychiatric symptoms 

such as cognitive impairment, peripheral neuropathy, anxiety, or depression[38].  

Along with other complications known for LONG-COVID, a new member called post-COVID 

POTS has recently been added to this family. Post-Covid-19 POTS(Long-Covid-POTS) is diagnosed 

when the post-COVID (LONG-COVID) symptoms combine with excessive orthostatic tachycardia 

for over three months in a Sars-Cov-2 infected patient[39](Figure 1). 
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Figure 1. Schematic suggested approach to POTS diagnosis following COVID-19 infection. It was 

adapted from the Canadian Cardiovascular Society Position Statement on Postural Orthostatic 

Tachycardia Syndrome 2020 [10]. Abbreviations: POTS, postural orthostatic tachycardia syndrome; 

PSWT, postural symptoms without tachycardia; IST, Inappropriate sinus tachycardia; PTOC, postural 

tachycardia of other cause; POTS plus, postural orthostatic tachycardia syndrome with associated 

comorbidities; PSWT plus, postural symptoms without tachycardia with associated comorbidities. 

3.1. Pathogenesis of LONG-Covid POTS 

Understanding the primary mechanism behind Long-Covid can provide insight into its 

symptoms and complications, including Post-Covid-POTS. However, despite numerous efforts and 

speculations, the exact pathogenesis and pathophysiology of Long-Covid remains unknown. 

Although the exact mechanism of long-Covid is still unclear, some studies have suggested different 

possible mechanisms for long-Covid.  

According to recent studies, some possible broad classifications of mechanisms have been 

reported for the LONG-covid pathogenesis, such as the following:  

• Persistence of the COVID-19 virus or its particles in the body (e.g., the persistence of the virus 

itself or its fragments in the Gastrointestinal tract or other different organs)[40-42]  

• Reactivation of other viruses like Epstein-bar-virus or cytomegalovirus[43]  

• Covid-induced immunity dysregulation leading to consistent inflammation or tissue damage 

induced by antibody-auto-reactivation or autoantibodies production[43-45] 

• virus-induced microclot or microthrombus formation[46] 

The number of studies supporting the evidence of the persistence of the virus itself or its 

components in various body organs, even after a time interval from the initial entry, has 

increased[36]; A study that examined the autopsies of 44 patients who died due to Covid-19 in 2022 

showed that the virus or its components were present in the pulmonary and extrapulmonary organ 

autopsies, including the brain, heart, and lymphatic organs [41]. 

Although the respiratory organ was the most common site, RNA of Sars-Cov-2 was detected in 

more than half of the patient's extrapulmonary sites. Interestingly, all the samples taken from the 

brain sites, except Dura, showed the presence of the virus or its components. Also, this study showed 

that viral RNA could be detectable up to 230 days after the onset of initial manifestations[41]. 
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Another study that examined the biopsies of asymptomatic COVID-19 patients revealed that 

five of fourteen patients with long-COVID had detectable viral RNA in their gastrointestinal tracts 

months after the initial entry[47].  

At this time, there is a lack of understanding regarding the mechanisms of the persistence of the 

virus in body cells and the interactions of the virus with intracellular systems. Further research is 

necessary to gain insight into these critical areas of exploration. 

However, some believe that, unlike acute infection, the virus and the host cell reach a 

concurrence or interactive stage in the chronic and prolonged phase, probably due to cellular-

molecular and immunological events[48, 49]; Scilicet, opposite to the acute phase – acute phase: the 

virus uses the tools of the host cell for its maximum reproduction and leads to host cell death [50, 51]- 

in the chronic phase, these interactions let the host cell to survive and the virus to invade the immune 

responses. All of these create a viral reservoir from the host cell that this viral reservoir not only 

disrupts the immune system functionality but also causes a continuous defective inflammatory cycle, 

which ultimately causes cell damage and tissue death[52, 53]. 

In summary, it can be stated that all the mentioned mechanisms, including the "persistence of 

the virus in different body organs," "the reactivation of viruses such as EBV," "immune responses 

against the virus," "the mechanisms of autoimmunity induced by the virus," and the "micro clot 

formation due to the coagulatory mechanisms disturbance and endothelial damage" cause a series of 

cytokines, chemokines and different factors including interferons and pentraxin 3(PTX3); As a result, 

the body enters into a defective persistent inflammatory phase that causes damage to the pulmonary, 

cerebral, cardiovascular and other organs. 

More specifically, for POTS related to Covid-19 should be noted that Although the precise 

pathophysiological mechanisms behind the context of post-covid POTS are still being investigated, 

several hypotheses have been suggested: 

(1)Autonomic dysfunction in POTS patients due to sympathetic overactivity, parasympathetic 

impairment, and/or small fibers neuropathy caused by sars-cov-2 infection[25, 28]. 

(2)Endothelial dysfunction and increased vascular permeability due to excessive inflammation 

and persistent inflammatory responses to the virus or its particles, which are seen in COVID-19 

patients, may contribute to the pathogenesis of post-covid POTS[25]. 

(3) Ongoing inflammatory responses due to the persistence of the virus itself or its components 

in certain tissues, including the autonomic ganglia and nerve endings, leading to autonomic nerve 

dysfunction[54].   

Also, based on recent studies, it seems that autoantibodies play a role in the development of 

Long-Covid POTS, though these auto-antibodies have not been confirmed as a cause; One of these 

recently received attention is autoantibody against alpha-1-adrenergic receptors. 

A study found high levels of autoantibodies against alpha-1 adrenergic receptors in patients 

with COVID-19 and considered it responsible for complications, including POTS; Therefore, this 

study stated that the high level of this autoantibody is the cause of increased alpha receptor-mediated 

vasoconstriction and beta receptor-mediated tachycardia as a compensatory mechanism[11]. On the 

other hand, Gunning et al. discovered that antibodies against alpha-2, beta-1, and beta-2 receptors 

are only present in the serum of POTS patients if alpha-1-adrenergic receptor autoantibodies are 

present[55]. 

However, the most probable mechanism of post-COVID-19 POTS is SARS-CoV-2-associated 

induction of autoimmunity through producing cross-reacting antibodies with autonomic ganglia and 

nerve fibers and neuronal or cardiovascular receptors. In addition, sympathetic overactivation 

induced by SARS-CoV-2 infection may lead to post-COVID POTS[55, 56]. 

3.2. Prevalence 

In accordance with a recent investigation, the prevalence of postural orthostatic tachycardia 

syndrome (POTS) among COVID-19-infected or vaccinated individuals in the United States has been 

estimated to be 300,000[57]. Numerous investigations have endeavored to assess the prevalence and 

the potential number of persons who experience POTS subsequent to being infected with SARS-CoV-
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2 or being vaccinated against COVID-19. However, extant reports do not furnish adequate evidence 

to establish the precise figure of patients who are affected by POTS as a complication of SARS-CoV-

2 infection or a consequence of COVID-19 vaccination.  

Several have identified POTS as a subset of long-term complications of Sars-Cov-2 infection. 

However, some of these reports are inconsistent with the definition of POTS, which needs some 

degree of chronicity; Some studies that reported POTS after COVID-19 proposed this diagnosis 

shortly after the onset of symptoms, even though POTS demands at least three months to be 

diagnosed[58, 59]. Due to the intricate nature of diagnosing this syndrome, it is exceedingly 

challenging to determine the precise prevalence of individuals experiencing it as a complication 

following a COVID-19 infection based on the currently available literature. 

3.3. Overview of clinical reports on suspicious post-Covid-POTS 

Observations and potential associations between postural orthostatic tachycardia syndrome 

(POTS) and the Sars-Cov-2 infection, as well as the COVID-19 vaccination, have increased in recent 

years. Nonetheless, the first likely association between POTS and COVID-19 infection was reported 

in early 2020[30]. The clinical reports on POTS following SARS infection are presented in Table 1. 

This table accounts for all articles containing information on POTS following Sars-Cov-2 infection 

from the initiation of this topic to January 2023. 

The data presented in Table 1 indicate that the manifestations observed in patients with POTS 

who contracted SARS-Cov-2 are remarkably similar to those observed in patients with POTS who 

did not contract the infection. Studies indicate that the aforementioned medical ailment exhibits a 

higher incidence rate amongst females and individuals affected by dysautonomia, as well as those 

harboring underlying autoimmune disorders. Although some studies believe that a mild primary 

infection is associated with a higher prevalence of POTS[39, 60], the severity of the primary infection 

does not seem to be related to the prevalence, severity of POTS, and treatment response.  

According to a study, patients who underwent Enhanced External Counterpulsation treatment 

experienced a remarkable improvement in their health condition[61]; However, in order to fully 

comprehend the exact relationship between the severity of the initial infection and the POTS 

incidence, its severity, and response rate to the treatment, as well as the efficacy of response to the 

treatments such as Enhanced external counterpulsation, necessitates extensive research conducted 

with systematic methodology (Table 1). 
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Table 1. Overview of clinical reports on POTS after Covid-19. 

Author Region 

Number of 

diagnosed 

patients 

Gender Time to diagnosis 

Manifestations 

hospitalization 

Management Outcome 
Male Female ≥ 3 months < 3 months Yes No 

Umapathi 

et al,[62]  
Asia 4 1 3 0 4 

Sweating, constipation, 

nausea, after-meal 

abdominal discomfort, 

tachycardia on standing 

and during passive 60-

degree tilt without blood 

pressure decreasing 

 

4 0 
Fludrocortisone, sodium 

tablets, Pyridostigmine 

Good 

(Recovered and 

symptoms 

improvement) 

Rudofker 

et al,[63]  
America 3 1 2 2 1 

 fatigue, lightheadedness, 

brain fog, and palpitations, 

syncope, breathlessness, 

paroxysmal coughing 

,increasing resting heart 

rate of 10 to 15 Beats per 

minute 

 

1 2 
exercise (rowing/biking) 

for 2 months 

Good 

(Recovered) 

Shouman 

et al,[64]  
America 27 11 16 some some 

Common symptoms : 

Lightheadedness, 

orthostatic headache, 

syncope, hyperhidrosis, and 

pain 

n=11 Orthostatic 

intolerance without 

tachycardia/n=6 

Orthostatic intolerance 

with orthostatic 

tachycardia/n= 3  

Overlapping symptoms   

N/A N/A 

Rehabilitation, low dose 

beta blockers, 

Anxiolytics 

Gabapentin and topical 

lidocaine for neuropathic 

symptoms in the 

autonomic neuropathy 

cases 

Good 

(Improvement, 

except for 

anxyiolytic) 

P
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p
rin

ts
 (w

w
w

.p
re
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E

E
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V
IE

W
E

D
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                   d
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3
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8
8

9
.v
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Desai 

et al,[65]  
America 11 2 9 Some 

Most 

(Mean ≈ 40 

day) 

Palpitations, fatigue, chest 

discomfort 
N/A N/A 

Beta blockers (5), 

midodrine (1), colchicine 

(1), ibuprofen (2), lifestyle 

modifications (2) 

Good 

(all improved 

except for 

colchicine) 

Agnihotri 

et al,[66]  
America 1 0 1 1 0 

Lightheadedness, 

palpitations, tingling, 

hyperhidrosis, tremor, and 

red discoloration of feet on 

upright position 

 

0 1 
metoprolol, midodrine, 

lifestyle change 

Good 

(symptoms 

improved) 

Ocher 

et al,[67]  
America 1 0 1 0 1 IST 1 0 Metoprolol,Ivabradine Poor 

Parker 

et al,[68]  
America 7 1 6 0 7 

Palpitations, chest 

discomfort and tachypnea, 

GI symptoms  

N/A N/A 

supportive therapy; 

ivabradine, midodrine 

metoprolol;intravenous 

immunoglobulin 

Not clearly 

mentioned 

(2 out of 3 severe 

patients 

responded to IV 

immunoglubolin) 

O’Sullivan 

et al,[59]  
Europe 1 0 1 0 1 

Chest tightness, 

palpitations, breathlessness, 

fatigue 

0 1 lifestyle change ,ivabradine 

 

Good 

(Best symptoms 

improvement 

with ivabradine) 

Blitshteyn 

et al,[15]  
America 20 6 14 20 0 

Fatigue, postural 

tachycardia, brain fog, and 

exercise intolerance 

N/A N/A 

All prescribed lifestyle 

modifications, 16 needed 

pharmacological drug 

including  beta blockers, 

fludrocortisone midodrine, 

ivabradine 

 

Good 

( all fully 

recovered, except 

three of them 

which near 

complete 

recovered) 

Jamal 

et al,[69]  
America 24 4 20 24 0 

tachycardia with 

subordinary physical 

activity or positional 

change, palpitations 

2 22 N/A N/A 
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Kitsou 

et al,[70]  
Europe 1 0 1 1 0 

Chest discomfort, exertional 

dyspnea, palpitations, 

syncope 

0 1  Metoprolol  

Good 

( improved after 

six months) 

Johansson 

et al,[71]  
Europe 3 1 2 1 2 

sinus tachycardia; chest 

discomfort, fatigue, 

dizziness, headache, 

fatigue, muscle weakness, 

sleep disturbance, 

palpitations, and “brain 

fog”, concentration issue 

2 1 

(A)Lifestyle change, 

ivabradine  

(B) lifestyle changes 

,propranolol,antihistamines 

(C) lifestyle changes, 

pyridostigmine, 

propranolol antihistamines 

Acceptable(A) 

Poor(B,C) 

(A) Partial 

recovery 

(B) symptoms 

remained 

(C) Symptoms 

Remained 

Varanasi 

et al,[61]  
America 1 0 1 1 0 

Fatigue, “brain fog”, 

breathlessness, exertional 

dyspnea 

1 0 External counterpulsation Good 

Kanjwal 

et al,[58]  
America 1 0 1 0 1 

 headache, dizziness, chest 

discomfort, and 

palpitations, fatigue 

0 1 
Ivabradine, salt water 

intake  

acceptable 

(improved but 

tachycardia 

remained)  

Miglis 

et al,[30]  
America 1 0 1 1 0 

Tachycardia, chest 

discomfort, breathlessness, 

fatigue and exercise 

intolerance, fever, sleep 

disturbance 

1 0 Propranolol  

Acceptable 

(partially 

recovered) 

Ishibashi 

et al,[72] 
Asia 1 0 1 0 1 

Fatigue, palpitation, chest 

discomfort 
N/A N/A Bisoprolol 

Good 

(marked 

recovery) 

Kalia 

et al,[73]  
America 1 0 1 1 0 

Tachycardia, headaches, 

pre-syncope 
N/A N/A Metoprolol 

Acceptable 

(partially 

recovered) 

Bosco 

et al,[74]  
Asia 1 0 1 1 0 

exertional fatigue, memory 

and concentration 

impairement, headaches, 

blurred vision, malaise, 

0 1 
Lifestyle changes, exercise 

therapy 

Acceptable 

(partially 

recovered) 
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4. POTS following COVID-19 vaccination 

Postural orthostatic tachycardia syndrome(POTS) has not only possibly occurred as a part of the 

“long COVID” syndrome following SARS-CoV-2 infection but has also been reported after COVID-

19 vaccination. However, the incidence rate is multiple times higher after infection than after 

vaccination[57, 75]. Postural Orthostatic Tachycardia Syndrome (POTS) has been previously 

observed as a potential adverse effect following some vaccines, including the Human Papillomavirus 

(HPV) vaccine[76, 77]. However, in light of the ongoing pandemic and heightened sensitivities 

surrounding COVID-19 vaccinations, reports of POTS following the COVID-19 vaccine 

administration have garnered significant attention and concern. Although POTS can occur after the 

covid-vaccine, the occurrence after Sars-Cov-2 infection is five-fold higher, according to a recent 

study[57]. 

4.1. Overview of the clinical reports on suspected POTS after Covid-vaccine 

When analyzing the timing of POTS-like symptoms, it is noteworthy that they tend to manifest 

sooner following the Covid vaccination than a Covid infection; According to the available reports, it 

has been observed that the onset of POTS-like symptoms has manifested within a variable timeframe 

ranging from several hours to a few weeks following the Covid-vaccine, on the other hand, POTS 

symptoms after Sars-cov-2 infection tend to manifest several months later often (Table1 and Table 2). 

While POTS-like symptoms, unlike the COVID infection, manifest earlier after the COVID-19 vaccine, 

they are reported to be more common in the female gender, similar to the post-COVID infection. 

Although POTS-like symptoms are more frequently reported after the mRNA vaccines of COVID-19, 

a clear cause-and-effect relationship cannot be established for the occurrence of these symptoms after 

the mRNA vaccines; Since, in addition to the fact that these manifestations have been reported after 

non-mRNA COVID vaccines, including Oxford-AstraZeneca[78], they have also been reported after 

HPV and influenza vaccines[79, 80]. 

The most common manifestations were dizziness, palpitation, fatigue, nausea, headache, 

abnormal sensations like tingling and numbness, and syncopal events, which aggravate in an upright 

position. Although the different treatment approaches, including lifestyle modifications and medical 

agents used in the studies, aimed to relieve the symptoms and manifestations, except for one patient 

whose symptoms continued, most patients improved. 

Several reported the beneficial and improving effects of IVIG and plasma exchange in managing 

and treating some patients who did not respond to conventional treatments[81, 82]. However, we 

need studies with a higher sample size and a transparent methodology to draw conclusions about 

the use of IVIG or plasma exchange in this patient category (Table 2). 
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Table 2. Overview of clinical report on POTS-like symptoms after Covid-19 vaccination. 

Patien

t 

Gende

r 
Age PMH Drug history 

Type of 

vaccine 

Vaccin

e dose 

POTS 

Symptom

s onset 

after 

vaccinatio

n 

Manifestations Management Outcome 
Referenc

e Author 

Patien

t 

1 

Femal

e 
37 

seasonal allergy 

and depression 
Vortioxetine Moderna 

First 

dose 
1 week 

lightheadedness, 

heart racing, 

weakness, 

difficulty 

concentrating, 

blurry vision, 

shakiness, vertigo, 

and clamminess 

when assuming 

upright posture, 

improving 

symptoms in the 

supine position, 

dry eyes and 

mouth unrelated 

to medications, 

heat sensitivity, 

constipation, 

numbness and 

5 mg of ivabradine 

twice a day 

"Good" 

(Improve) 

Eldokla 

et al., 

[83] 
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tingling of the feet, 

legs hands, and 

occasionally the 

face. 

 

 

Patien

t 

2 

Femal

e 
21 No No 

BioNTech-

Pfizer 

First 

dose 
12 days 

headache, 

palpitation, 

weakness, 

difficulty thinking, 

improving 

symptoms in the 

supine position, 

heat sensitivity, 

sweating, face and 

extremities 

numbness and 

tingling 

 

metoprolol 25 mg, 

and 

fludrocortisone 0.2 

mg daily 

"Good" 

(Improve) 

Eldokla 

et al., 

[83] 

Patien

t 

3 

Femal

e 
46 No No 

BioNTech-

Pfizer 

First 

dose 
2 weeks 

lightheadedness, 

nausea, fatigue, 

poor 

concentration, 

palpitations, and 

brain fog, increase 

sympathetic 

activity after the 

fludrocortisone 

and propranolol 

"Good" 

(Improve) 

Eldokla 

et al., 

[83] 
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head-up position 

in spectral Fourier 

analysis 

 

Patien

t 

4 

Femal

e 
19 No No 

BioNTech-

Pfizer 

Second 

dose 
18 days 

dizziness, 

headache ,nausea, 

sweating, and 

fatigue, increase in 

sympathetic tone 

after the head-up 

position in spectral 

Fourier analysis 

 

salt tablets and 

propranolol 

"Good" 

(Improve) 

Eldokla 

et al., 

[83] 

Patien

t 

5 

Femal

e 
17 No No 

BioNTech–

Pfizer 

Second 

dose 
3 weeks 

syncope, fatigue, 

chest tightness, 

nausea, and heat 

intolerance, 

increased 

sympathetic 

activity with 

occasional spikes 

of vagal tone after 

the head-up 

position in spectral 

Fourier analysis 

scopolamine 

patches for nausea, 

salt tablets and 

propranolol 

"Good" 

(Improve) 

Eldokla 

et al., 

[83] 
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Patien

t 

6 

Male 40 No No Moderna 
First 

dose 
one week 

Orthostatic 

palpitation, 

intermittent 

headache, fatigue, 

dyspnea, 

increasing HR 

from 72 to 110 in 

Head-up tilt test 

 

propranolol 20 mg, 

three times daily 

for 2 months 

"Good" 

(Improve) 

Park  

et al., 

[84]  

Patien

t 

7 

Male 42 

Hypothyroidis

m, vitamin B-12 

deficiency, 

Left-sided 

orchiectomy for 

cryptorchidism 

Levothyroxine 

125 mg, 

vitamin B-12 

shots 

 

BioNTech–

Pfizer 

First 

dose 
six days 

syncopal episode, 

sinus tachycardia, 

intermittent 

palpitations, 

anxiety, sleep 

disturbances, 

occasional 

numbness in the 

lower extremities 

 

lifestyle 

modifications, 

such as wearing 

compression socks 

and increased 

sodium intake 

"Unchanged" 

(Existing 

symptom) 

Reddy 

et al., 

[85]  
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Patien

t 

8 

Male 13 No No 
BioNTech–

Pfizer 

Second 

dose 

Fourteen 

days 

fatigue, headache, 

and orthostatic 

intolerance 

symptoms 

including 

lightheadedness 

and palpitations 

salt and fluid 

intake and 

exercise,propranol

ol, midodrine (2 

mg, twice 

daily),droxidopa, 

(IVIG) 2 g/kg was 

administered for 

the myocarditis 

 

"Acceptable" 

(almost 

improved) 

Sanada 

et al.,[82]  

Patien

t 

9 

Male 15 No No 
BioNTech–

Pfizer 

Third 

dose 

Two 

weeks 

Presyncope and 

syncopal episodes, 

and 

lightheadedness 

fludrocortisone 0.1 

mg every eight 

hours,  Ivabradine 

2.5 mg every 12 

hours, lifestyle 

modification with 

respect to 

increasing sodium 

and fluid intake, 

moderate exercise 

 

"Good" 

(Improve) 

Maharaj 

et al., 

[9]  

Patien

t 10 

Femal

e 
46 

allergic rhinitis, 

history of 

COVID-19 

infection 

No 
BioNTech-

Pfizer 

First 

dose 

four 

weeks 

lightheadedness, 

tremors, 

increasing heart 

rate, Raynaud’s 

Phenomenon, 

fatigue, brain fog, 

salt consumption, 

fluid intake, and 

20 mmHG 

compression 

stockings, 

ivabradine 5 mg 

"Acceptable" 

(all improved 

except 

Raynaud’s 

Phenomenon) 

Hermel 

et al., 

[86]  
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headache, chest 

discomfort, 

exercise 

intolerance, 

profound fatigue, 

dizziness, and 

paresthesia 

BID, dietary 

supplement, 

Patien

t 11 
Male 29 No No 

Oxford-

AstraZenec

a 

First 

dose 
4 days 

Intermittent 

paresthesia, 

palpitations, 

dizziness, 

, heart beat racing 

 

Steroid for 5 weeks 

without effect, 

lifestyle 

modifications 

"Acceptable"(so

me symptoms 

improved) 

Karimi 

et al.,[78]  

Patien

t 12 
Male 43 

Sleep 

disturbance 

Naproxen, 

Lansoprazole, 

Dihydrocodein

e, 

Melatonin 

Oxford-

AstraZenec

a 

First 

dose 
6 hours 

Dizziness, nausea, 

weakness, 

bradykinesia, 

brain 

fog, early waking, 

fatigue, “jelly-

legs”, 

changes to 

walking 

gait, 

Hydroxocobalami

n 

IM 

"Good" 

(Improve) 

Carroll 

et al.,[87] 
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Patien

t 13 
Male 52 No No 

BioNTech-

Pfizer 

Second 

dose 

Not 

specificall

y 

mentioned 

Feeling stabbing, 

orthostatic 

intolerance, 

syncope, 

supraventricular 

tachycardia, 

tinnitus 

Nadolol, 

Gabapentin, 

Amitriptyline, and 

trazodone (no 

effect) / plasma 

exchange for Five 

time 

"Good" 

(Improve) 

Schelke 

et al., 

[81] 

Patien

t 14 

Femal

e 

N/

M  

history 

of COVID-19 

and family 

history of 

Sjrogen’s 

disease 

No 

Oxford-

AstraZenec

a 

First 

dose 
2 hour 

Limbs paresthesia, 

tachycardia, 

blood pressure 

fluctuation, 

intermittent 

internal tremor, 

cognitive 

complaints 

N/A N/A 

Safavi 

et al., 

[88] 

Patien

t 15 

Femal

e 

N/

M 

Family history 

of 

psoriasis 

No Moderna 
Second 

dose 
2 days 

Orthostasis, heart 

rate and blood 

pressure 

fluctuation, 

nausea, diarrhea, 

face and limbs 

paresthesia, 

internal tremor 

N/A N/A 

Safavi 

et al., 

[88] 
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Patien

t 16 

Femal

e 

N/

M 

Family history 

of 

rheumatoid 

arthritis 

No 
BioNTech-

Pfizer 

Second 

dose 
10 days 

Severe orthostatic 

Tachycardia, 

diarrhea, blood 

pressure 

fluctuation 

N/A N/A 

Safavi et 

al., 

[88] 

Patien

t 17 

Femal

e 

N/

M 
No No Moderna 

First 

dose 
2 days 

Intermittent 

paresthesia, face 

and limbs 

numbness,  Mild 

right-hand 

weakness, episodic 

positional 

palpitation 

N/A N/A 

Safavi  

 et al., 

[88] 

Patien

t 18 

Femal

e 

N/

M 
No No Moderna 

First 

dose 
6 days 

Exercise 

intolerance, Limbs 

fasciculation, 

internal tremor, 

facial paresthesia, 

chest discomfort; 

cognitive 

disturbance, 

episodic positional 

palpitations 

N/A N/A 

Safavi 

 et al., 

[88] 
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Patien

t 19 

Femal

e 

N/

M 
No No Moderna 

Second 

dose 
5 days 

Facial Paresthesia 

and burning 

sensation, 

positional 

Palpitation,dizzine

ss 

N/A N/A 

Safavi  

et al., 

[88] 

PMH, Past medical history; N/A, Not applicable; N/M, Not mentioned; IM, Intramuscular; IV, Intravenous. 
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4.2. COVID-19 vaccination-induced autoimmunity 

In accordance with the currently available evidence, it appears that autoimmune pathways may 

play a substantial role in the development of POTS-like symptoms following a COVID-19 vaccine. 

Recently, studies have increasingly highlighted the emergence of Postural Orthostatic Tachycardia 

Syndrome (POTS)-like symptoms following COVID-19 vaccination. This emergence has brought 

increased attention to the possibility that POTS is a potential complication of the COVID-19 vaccine, 

in addition to being a long-term COVID-19 infection complication. Researchers have postulated that 

similar to the cross-reactivity observed between antibodies targeting the COVID-19 infection and 

different aspects of the autonomic system, including nerve fibers, a comparable cross-reactivity may 

manifest following COVID-19 vaccination[15, 88].  

Researchers have proposed the following possible mechanisms according to the hypothesis of 

cross-reactivity between components of the autonomic system and antibodies produced in response 

to the vaccine : (1)Cross-reactivity between vaccine-induced antibodies with alpha-1 adrenergic 

receptors can disrupt the vasoconstriction response; However,  it results in autonomic system 

hyperactivity compensatory response and following compensatory tachycardia[85]. (2)Research 

suggests that angiotensin-converting enzyme-2 receptor dysfunction not only plays a causative role 

in postural orthostatic tachycardia syndrome (POTS) but also interferes with the pathogenesis of 

SAR-CoV-2 infection; Cross-reactivity between vaccine-induced antibodies and angiotensin-

converting enzyme-2 receptors may disrupt these receptors, resulting in compensatory 

hyperadrenergic symptoms[62, 89]. Immunotherapy may be a viable treatment for the side effects of 

the COVID-19 vaccination, adding weight to the concept that autoimmune mechanisms may be at 

play[88]. 

4.2. Common Covid-vaccination side effects and POTS-like symptoms 

To ensure a proper diagnosis of postural orthostatic tachycardia syndrome (POTS) in 

individuals who have received the COVID-19 vaccination, suspected patients must meet the essential 

diagnostic criteria for POTS, which includes orthostatic intolerance symptoms and hemodynamic 

criteria, as well as document the specific duration of these symptoms; orthostatic hypotension and 

underlying secondary causes also need to be excluded for accurate diagnosis. As with the diagnosis 

of POTS in non-Covid settings, detailed history and clinical examination are the primary and crucial 

elements of diagnosing this syndrome. 

In addition to the history taking and detailed clinical examination and cardiac and neurological 

evaluation to rule out underlying etiologies, routine workups, including blood tests, electrolytes, 

electrocardiography, Thyroid function testing, and other procedures described in previous sections, 

are performed on patients with suspected symptoms of POTS[10, 90]. 

As delineated in Table 2, certain reports of symptoms following a Covid-vaccine injection, which 

is labeled as Postural Orthostatic Tachycardia Syndrome (POTS), do not meet the established criteria 

for this condition, as it requires the presence of sustained symptoms over a minimum of three months. 

Due to the fact that POTS diagnosis necessitates the persistence of symptoms for a prolonged period 

ranging from 3 to 6 months, it is impossible to classify immediate symptoms occurring post-

vaccination as POTS. A more appropriate term for these symptoms could be "POTS-like[91]." 

It is crucial to note that the general side effects that may occur after receiving a COVID 

vaccination, such as fatigue and headache, may resemble the symptoms of Postural Orthostatic 

Tachycardia Syndrome-like symptoms; Therefore, it is essential to distinguish between general 

vaccination-related adverse effects and symptoms similar to POTS-like symptoms. Taking into 

account the following points may aid clinicians in distinguishing between these two conditions.  

While a few studies have noted POTS-like symptoms within a few hours to three days after 

receiving the COVID-19 vaccine, the majority of cases have been reported one week after the injection, 

particularly in those without preexisting medical conditions. A possible explanation for symptoms 

similar to POTS syndrome shortly after the vaccine injection is a history of prior Sars-Cov-2 infection, 

which prone the immune system react quickly to the vaccine. Another notice that could be helpful to 
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consider is that adverse events such as presyncope and syncopal episodes in postural orthostatic 

tachycardia syndrome (POTS) are improbable following COVID-19 vaccination[92, 93]. 

5. Conclusions 

Given that POTS and POTS-like symptoms are potential complications of COVID-19 infection 

or vaccination and the complex diagnostic nature of this syndrome, which can lead to misdiagnosis 

or undiagnosed in numerous cases, it is imperative that clinicians remain aware of this condition and 

consider it along with other possible diagnoses. To ensure an accurate diagnosis of the syndrome in 

COVID-related settings, such as following COVID infection or vaccination, it is paramount that in 

addition to keeping in mind this possible diagnosis in suspicious individuals, a comprehensive 

history-taking and clinical examination as the most crucial diagnostic element along with other 

additional diagnostic workups should be considered.  

Based on the available evidence, the following points can be mentioned in comparing POTS and 

POTS-like symptoms after the COVID-19 infection with post-covid-vaccine:  POTS and related 

symptoms may manifest with a more extended latency following a Sars-Cov-2 infection than Covid 

vaccination. Notably, the incidence of this syndrome and its related symptoms is frequently observed 

in females gender, regardless of whether it follows a Covid infection or its vaccination; However, it 

does not seem that the occurrence of POTS is linked to the severity of the initial infection or the 

specific vaccine type used, as it has been reported in individuals with both mild and severe infections 

as well as after various types of vaccines.  

Based on the currently available reports, it appears that the symptoms of POTS related to 

COVID-19, whether consequent to infection or vaccination, are not notably distinct from those of 

POTS unrelated to COVID-19 settings. Therefore, the diagnosis of COVID-19-related POTS does not 

differ significantly from that unrelated to COVID-19 and is based on the fulfillment of established 

diagnostic criteria. Even though some studies used interventions like EECP and plasma exchange for 

mitigating symptoms in POTS after COVID-19 infection or vaccination, the preponderance of reports 

revealed that conventional approaches commonly employed in non-COVID scenarios—including 

Lifestyle modifications and pharmacological therapies like beta-blockers—are potentially efficacious 

in ameliorating patients' symptoms.  

While multiple studies have identified cases of POTS in COVID-related settings, some of these 

cases do not fully align with the classic criteria for diagnosing POTS in terms of symptom duration, 

hemodynamic or clinical criteria. To accurately determine the prevalence of POTS in COVID settings, 

clinicians must comprehensively understand the exact definition of POTS along with paying close 

attention to the points outlined in this study. 
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