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Long COVID-19 and Postural Orthostatic Tachycardia Syndrome- Is Dysautonomia to Be Blamed?
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While the increased arrhythmic tendency during acute COVID-19 infection is recognised, the long-term cardiac electrophysiological complications are less well known. There are a high number of patients reporting ongoing symptoms post-infection, termed long COVID. A recent hypothesis is that long COVID symptoms could be attributed to dysautonomia, defined as malfunction of the autonomic nervous system (ANS). The most prevalent cardiovascular dysautonomia amongst young people is postural orthostatic tachycardia syndrome (POTS). Numerous reports have described the development of POTS as part of long COVID. Possible underlying mechanisms, although not mutually exclusive or exhaustive, include hypovolaemia, neurotropism, inflammation and autoimmunity. Treatment options for POTS and other long COVID symptoms are currently limited. Future research studies should aim to elucidate the underlying mechanisms of dysautonomia to enable the development of targeted therapies. Furthermore, it is important to educate healthcare professionals to recognise complications and conditions arising from COVID-19, such as POTS, to allow prompt diagnosis and access to early treatment.

Keywords: long COVID, tachycardia, postural orthostatic tachycardia syndrome, dysautonomia, arrhythmia


INTRODUCTION

The Hubei Integrated Chinese and Western Medicine hospital in Wuhan reported a clustered point-source outbreak of pneumonia, of unknown viral origin toward the end of December 2019. Within 30 days, the rapid geographic spread of the disease, subsequently called Coronavirus Disease 2019 (COVID-19), implied propagation by human-to-human transmission (1, 2). A pandemic was declared on March 11th 2020, by World Health Organization (WHO) (3). As of November 2021, the disease has caused over 5 million deaths worldwide (4). The disease primarily associated with respiratory pathology, also has well-known cardiac complications, including acute coronary syndrome, myocarditis, heart failure and arrhythmia (5). Indeed, in one cohort of hospitalised COVID-19 patients, heart palpitations were part of the presenting complaint in 7.3% of patients (6). An early study on patients hospitalised with COVID-19 in Wuhan showed the incidence for cardiac arrhythmic events was 17%, rising to 44% in those admitted to the intensive care unit (7). A more recent meta-analysis demonstrated an arrhythmic incidence of 19% in patients with COVID-19, and these patients had an increased risk of poor outcomes (8). While the increased arrhythmic tendency during acute infection is recognised, the long-term cardiac complications are less clear and remain to be reported. The following review is focussed on the associations between long COVID and tachycardia, specifically postural orthostatic tachycardia syndrome (POTS), the potential aetiologies and a discussion on the future direction of research.



LONG COVID

Although the symptoms and complications of acute COVID-19 infection are becoming better understood, more research is required to understand the longer-term impact on patients. Mortality rates and hospital admissions have declined due to vaccination rollouts and evolving treatments (9, 10), but there are a high number of patients reporting ongoing symptoms post-infection, termed long COVID (11, 12). For example, one study showed a persistence of symptoms in 87.4% of 143 patients with COVID-19, with fatigue being the most common (53.1%) (13). A prospective cohort study with a larger sample size of 1,733 and longer follow-up showed 76% of patients reported at least one persistent symptom after COVID-19 infection (14). Thus, growing clinical and scientific evidence suggests long-lasting effects of COVID-19 impact multiple organ systems. Symptoms can include palpitations, chronic cough, shortness of breath, chest pain, cognitive dysfunction, fatigue, arthralgia, and overall decline in quality of life (11, 15, 16). Arguably, this is not surprising, as similar patterns have been observed in previous coronavirus infections, such as the severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) outbreaks (15). There is clearly a clinical need to understand the pathophysiology behind long COVID, in order to develop targeted therapeutic interventions.



“POST-COVID-19 TACHYCARDIA SYNDROME”

From a cardiovascular point of view, recent papers have highlighted an association between orthostatic intolerance (OI), including orthostatic hypotension (OH) and postural orthostatic tachycardia syndrome (POTS), with long COVID (17–19). OH is defined by a systolic or diastolic blood pressure decrease of 20 mmHg or 10 mHg, respectively, within 3 min of standing and it is the most common autonomic manifestation of long COVID (18, 20, 21). Studies suggest the prevalence of OH with long COVID may range between 10% (17) up to 41% (20, 21). Furthermore, tachycardia has been found to be a common symptom associated with long COVID, with 25–50% of patients in a tertiary post-COVID multidisciplinary team clinic reporting persistent tachycardia or palpitations (22). It has been suggested that persistent tachycardia seen in long COVID, labelled “post-COVID-19 tachycardia syndrome,” may present as inappropriate sinus tachycardia or POTS (22). Inappropriate sinus tachycardia occurs when there is a higher heart rate response or faster resting rate than necessary for the current physiological demand (23). At present, there is limited data available on this in the context of long COVID. POTS is defined as a persistent increase in heart rate of at least 30 beats per minute within 10 min of standing and this can present with symptoms of palpitations, chest pain and exercise or orthostatic intolerance (24). Numerous reports have described the development of POTS as part of long COVID (19, 25–27) although the aetiology remains debated.



MECHANISMS OF DYSAUTONOMIA LEADING TO POSTURAL ORTHOSTATIC TACHYCARDIA SYNDROME

A recent hypothesis is that long COVID symptoms could be attributed to dysautonomia (16, 28). Dysautonomia can be defined as malfunction of the autonomic nervous system (ANS) (29), and it can be acute or chronic and progressive or reversible (28). Many symptoms can manifest from dysautonomia, including fatigue, heart rate variability (HRV) dysfunction and orthostatic hypotension (28). The most prevalent cardiovascular dysautonomia amongst young people is postural orthostatic tachycardia syndrome (POTS) (30). The interaction of the autonomic nervous system and cardiac rhythm abnormalities has been previously described (31) but there remains limited data on long COVID, dysautonomia and the aetiology of POTS. Possible underlying mechanisms, although not mutually exclusive or exhaustive, include hypovolaemia, neurotropism, inflammation and autoimmunity (Figure 1) (24, 28).
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FIGURE 1. Potential underlying mechanisms by which long COVID leads to dysautonomia and postural orthostatic tachycardia syndrome (POTS). (Created with BioRender.com).



Hypovolaemia

Firstly, it has been suggested that POTS occurs due to decreased blood volume and deconditioning of the heart, which subsequently increases cardiac sympathetic nervous system (SNS) output (24, 32, 33). COVID-19 can be associated with fever and nocturnal sweating, leading to hypovolaemia, and prolonged bed rest, leading to deconditioning and cardiac atrophy. Furthermore, it has been shown that patients with POTS had a lower plasma volume compared to controls (34). The rein-angiotensin-aldosterone system (RAAS) may have a role in the aetiology of POTS as despite lower plasma volumes, it has been shown that patients with POTS had lower levels of plasma renin and aldosterone (34–36). This RAAS deficit could be due to partial renal sympathetic denervation (34). SARS-CoV-2 has been implicated in binding and down-regulating the ACE2 receptor (37), and introducing a RAAS imbalance (38). It has also been proposed that SARS-CoV-2 infection causes a deficit of cellular furin, leading to dysfunction of the epithelial sodium channel (ENaC) and changes in fluid balance that activates the RAAS (39).

Thus, the persistent tachycardia is a physiological compensation against the smaller stroke volume of the deconditioned heart (40) and those that are more predisposed to the condition have smaller hearts (32). Interestingly, POTS is observed in patients with chronic fatigue syndrome (41) and a prevent study demonstrated many patients with chronic fatigue syndrome had small hearts (42).



Neurotropism

Secondly, a suggested and more direct cause of POTS could be related to the spread of COVID-19 to the central nervous system (CNS) by neural propagation, causing direct damage on nerves or indirect damage via a cytokine storm (28). Cerebrospinal spinal fluid (CSF) in patients with acute COVID-19 have shown the presence of the virus (37) and PET scans have shown hypometabolism in the olfactory bulb as well as extension to other brain areas at the post-viral stage of COVID-19 disease (43). Similar to other coronaviruses, the COVID-19 virus binds to the ACE2 receptor on host membranes by using a spike protein S1 (37). ACE2 receptors are highly expressed in the olfactory epithelium and thus a proposed propagation route is via the nose through the cribriform plate of the ethmoid bone to the olfactory epithelium (43), which could be responsible for the hyposmia observed with COVID-19 infection. Thus, it has been proposed that SARS-Cov2 could infect and damage extracardiac postganglionic SNS, leading to dysautonomia in a similar way to neuropathic POTS. This disruption could lead to tachycardia due to splanchnic venous pooling or reduced mesenteric vasoconstriction during orthostasis (24).



Inflammation and Autoimmunity

Thirdly, heart rate variability (HRV) can be used as a marker of dysautonomia (44) and HRV has been shown to have an inverse relationship to inflammation in a recent meta-analysis (45). In addition, the role for the autoimmune system and inflammation in the aetiology of POTS is supported by the increased antibodies and incidence of autoimmune conditions seen in patients with POTS compared to controls (46). COVID-19 infection can cause a cytokine storm and inflammation that could trigger chronic neuronal dysregulation (47). One mechanism could be via the development of autoantibodies which cross-react with autonomic ganglia as part of acute and long-term COVID-19 infection, and lead to dysautonomia and POTS. Li et al. showed patients with POTS had high levels of autoantibodies which cross-reacted with muscarinic and beta receptors (48). The role of the immune system in dysautonomia and long COVID-19 could have implications for treatment options as 75% of patients with POTS were positive for α3-AChR antibodies that could respond to immunotherapy (49).




MANAGEMENT OF POSTURAL ORTHOSTATIC TACHYCARDIA SYNDROME

Currently, conservative treatment options include graduated exercise programmes, avoiding triggers, high fluid and salt intake, compression stockings and cognitive behavioural therapy (50, 51). Pharmacological options are generally unlicensed for this indication but aim to correct several physiological parameters. These include agents, such as fludrocortisone, erythropoietin and desmopressin, to increase blood volume, β-blockers or ivabradine to reduce tachycardia, midodrine, methylphenidate or octreotide to induce vasoconstriction and pyridostigmine to facilitate synaptic transmission (34, 50, 52). Evidently, further research is needed to elucidate the underlying mechanisms of dysautonomia to direct targeted treatment options. Indeed, in the absence of novel therapies, it is a viable option to repurpose drugs (53) once a better mechanistic understanding of long COVID and dysautonomia is established.

Central to the management of POTS is prompt recognition as the correct diagnosis of POTS can be delayed by several years (54). Unfortunately, POTS is often misdiagnosed as patients present with many non-specific symptoms, and the significance of the symptoms, such as asymptomatic tachycardia in an otherwise well patient, may not be appreciated. From a physiological perspective, persistent tachycardia will inevitably lead to remodelling of the heart and predispose to cardiac failure in the future. Thus, persistent tachycardia as a sole symptom still warrants consideration of further investigation and treatment. The impact of long COVID-19 on the incidence cardiac failure secondary to persistent tachycardia remains to be seen but should be considered in future research studies.



CONCLUSION

Unfortunately, given the number of people infected with COVID-19, there is likely to be an emergence of various long COVID-19 syndromes presenting to both primary and secondary care, such as patients with POTS. Thus, there is clearly a need for future studies to investigate the cause of long COVID-19 symptoms. One avenue would be to better understand the aetiology of dysautonomia to enable the development of therapies that specifically target the underlying pathology. Meanwhile, it is important to educate healthcare professionals to recognise complications and conditions arising from COVID-19, such as POTS, to allow prompt diagnosis and referral to enable early treatment access.
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