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Keywords
Postural orthostatic tachycardia syndrome (POTS) is a complex disorder mainly of orthostatic intol- erance, often accompanied by a spectrum of symptoms related to autonomic nervous system dysfunction. Although the diagnostic criteria require an orthostatic challenge test, the associated symptom burden can be broad and is often missed by treating healthcare professionals, resulting in significant diagnostic delay. Treatment of this highly heterogenous condition is nuanced and consists of non-pharmacologic and pharmacologic approaches. Availability of POTS care is limited, with a dearth of medical specialists or general practitioners specialising in autonomic medicine. The complexity of care for those with POTS necessitates a multidisciplinary approach due to the need for extended appointment times and frequent follow-ups to monitor therapeutic response and progress. This should include a primary team consisting of a general practitioner and trained autonomic physicians with specialist nurses, allied health professionals, and any other specialists required to manage the affected systems. This state-of-the-art review aims to cover the key aspects of diagnosing and managing POTS, including special neurological, gastroenterological, psychological, and
 
paediatric considerations. There is an urgent need to provide services that meet the needs of the growing POTS population.
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[bookmark: Introduction][image: ]Introduction
Postural orthostatic tachycardia syndrome (POTS) was first defined by Schondorf and Low in 1993 as a mild form of acute autonomic neuropathy when they reported on 16 patients who exhibited tachycardia at rest or during head- up tilt testing at the Mayo Clinic [1]. The understanding of POTS has evolved significantly over the last decades, with recognition that it is a heterogeneous syndrome of ortho- static intolerance and autonomic dysfunction, with frequent presence of non-orthostatic symptoms. The haemodynamic criteria for the diagnosis of POTS, along with its common symptoms, are detailed in Table 1 [2,3]. The exact prevalence of POTS is unknown, with a recent study suggesting an estimated prevalence of 1.73% before and 3.42% after COVID-19 infection [4]. The condition affects more  females
than males (∼9:1), with age of onset typically between 12
and 50 years, and common triggers including viral infection, hormonal changes (menarche, pregnancy, perimenopause, menopause), growth spurt during adolescence, physical trauma including concussion, or surgery [5,6]. The natural history of POTS has not been well studied with most pa- tients reporting ongoing symptoms with exacerbations or flares over time [5,7].
Given the complexity of POTS and common comor- bidities (including migraine, joint hypermobility, myalgic encephalomyelitis/chronic fatigue syndrome, fibromyal- gia,  autoimmune  disorders  [e.g.,  coeliac  disease],    and

mast cell activation disorder), it is of no surprise  that  those with this condition have poorer health-related quality of life than many other chronic conditions, including diabetes mellitus, neoplasms, cardiovascular disease, and chronic kidney disease [3,8]. Unfortunately, many individuals with POTS report high rates of misdi- agnosis, emergency department visits, and  diagnostic delay between 5 and 7 years [5,9,10]. Despite the female dominance of this condition, a protracted  diagnostic delay has been observed in females compared with males [9]. This suggests poor recognition and awareness  of POTS in the medical community, which has likely improved since the coronavirus pandemic, which precipitated a surge in POTS presentations after   COVID-
19 infection or vaccination, and has now  been  recog-  nised as a dominant phenotype in long-COVID [4,11–13]. The effect of timely recognition, diagnosis, and appro- priate treatment of POTS cannot be overstated. Patients who have been inappropriately labelled with psychiatric diagnoses throughout their diagnostic journey of many years can describe the effect of being believed as “life- changing” [14].
This state-of-the-art review on POTS aims to improve knowledge, diagnosis, and management of those experi- encing this chronic debilitating condition. It highlights the nuances of managing POTS, given the complex underlying pathophysiology; the multisystem considerations required in those with comorbidities; the important role of general



[bookmark: _bookmark16]Table 1    Diagnostic criteria and common non-orthostatic POTS  symptoms.

Diagnostic criteria for POTS	Common non-orthostatic POTS
symptoms

· Symptoms of orthostatic intolerance during standing that resolve when assuming a su- pine position, e.g.,:
· Palpitations, light-headedness, tremulousness, generalised weakness, blurred  vision
· Symptom duration of ≥3  months
· Absence of other conditions that may account for the   tachycardia:
· Anaemia, infection, dehydration, severe deconditioning, hyperthyroidism, anorexia nervosa, hyperventilation, pain, pheochromocytoma, and  drugs
(sympathomimetics, e.g., pseudoephedrine, salbutamol, amphetamines, cocaine, etc. anticholinergics, e.g., oxybutynin, benztropine, diphenhydramine, orphenadrine,  etc.)
· 10-min active stand test or head-up tilt  test:
· A sustained heart rate increase of ≥30 bpm (≥40 bpm for those aged 12–19 years)
· No sustained drop in systolic blood pressure of ≥20 mmHg or diastolic blood pressure of ≥10 mmHg within the first 3   minutes
Practical tips:
#  Sustained is defined as at least two measurements at least 1 min   apart.
#  Best performed in the morning due to diurnal variation in haemodynamic   changes.
· 
Headache
· Fatigue
· Brain fog – poor  cognition
· Exercise intolerance
· Sleep disturbances
· Chest discomfort
· Dyspnoea
· Nausea
· Bloating
· Constipation & diarrhoea
· Abdominal discomfort
· Peripheral acrocyanosis

# Active stand test is usually sufficient unless high risk of falls and inability to stand unassisted where head-up tilt test is needed.
#  A single negative test does not exclude the diagnosis of   POTS.
#  Patients should not be taking medications that may confound the haemodynamic   changes.

Abbreviation: POTS, postural orthostatic tachycardia  syndrome.
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Figure 1 
Different types of cardiovascular autonomic dysfunction with proposed aetiology and pathophysiology of POTS. Two major types of cardiovascular autonomic dysfunction, general and local, usually overlap. General circulatory dis- orders
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Abbreviation: POTS, postural orthostatic tachycardia  syndrome.
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[image: ]practice in care coordination; and the patient experiences, education, and advocacy work needed.
Pathophysiology of POTS
Pathophysiology of POTS and other common autonomic disorders, including inappropriate sinus tachycardia and orthostatic hypotension (Figure 1), has not been sufficiently explored and several disease models have been proposed [7,15–18]. In general, POTS is seen as dysregulation of heart rate control, with exaggerated chronotropic response to orthostatic blood volume shift, whereas inappropriate sinus tachycardia presents with constantly increased heart rate [2,18–20]. What produces the characteristic tachycardia is still an object of debate, although two main phenotypes have been identified: mainly hyperadrenergic state and secondary compensatory sinus tachycardia (hypovolemic or neuropathic) [19]. Importantly, both POTS phenotypes may overlap and are not mutually  exclusive.
The former may be caused by: a) abnormally increased activity of higher sympathetic centres producing circulating catecholamine excess and increased activity of peripheral sympathetic nerves [7]; b) autoimmune process and hypo- thetical circulating autoantibodies that stimulate, block, or modify action of adrenergic and other cardiovascular G- protein coupled receptors, muscarinic endothelin, angio- tensin,  and  adenosine,  to  name  the  most  important ones

[7,21,22]; and c) hypothetical central and peripheral neuro- inflammation localised to the brainstem and other central nervous system structures controlling the autonomic ner- vous system that may cause autonomic imbalance promot- ing sympathetic hyperactivity, vagal impairment, or both [7,23,24].
Compensatory sinus tachycardia is postulated to be caused by reduced circulating blood volume (absolute hypovolaemia) [25], impaired peripheral vascular response leading to venous pooling, and reduced venous return on standing (relative hypovolaemia) [7,19]. Although the hypovolaemia could be due to disorder of the renin- angiotensin-aldosterone system [26,27], peripheral auto- nomic neuropathy and hereditary connective tissue disorders such as joint hypermobility syndromes (e.g., Ehlers–Danlos syndrome) may underlie the impaired vascular response [7,18].
Recent studies have partly confirmed the existence of hyperadrenergic and hypovolaemic POTS phenotypes associated with different circulatory responses: in the hyperadrenergic phenotype, vasoconstriction expressed as increased diastolic blood pressure (BP) dominates on top of sinus tachycardia [28], whereas in the hypovolemic pheno- type, a greater degree of postural tachycardia is seen with larger blood volume deficit [29]. Interestingly, POTS is not only   associated  with   an   abnormal   heart  rate   but  also



[bookmark: Diagnostic Approach in POTS][image: ]impaired BP control. Patients with POTS demonstrate more daytime hypotensive episodes on 24-hour BP monitoring and absence of normal nocturnal dipping despite higher 24- hour BP in general [30]. It emphasises the complex circula- tory effects of POTS beyond heart rate control, with effect on the whole circulation (Figure 1). In this context, recent studies have also demonstrated that not only global circu- latory parameters, heart rate, and BP are affected in POTS and related dysautonomia but also microcirculation. Microvascular dysfunction has also been observed among patients with long-COVID who develop POTS [31,32]. This additional symptom-generating mechanism may explain a wide spectrum of symptoms in POTS, cardiac and extrac- ardiac, either central (e.g., brain fog, headache, and sleep disorders) or those localised in remote parts of body such as lower extremities: feeling of cold, heat intolerance, and discolouration of distal limb parts, such as feet and toes (Figure 1) [18,33].
Diagnostic Approach in POTS
The diagnosis of POTS is traditionally based on heart rate responses to orthostatic stress, typically assessed in the healthcare setting via an active stand test or head-up tilt  test  (see  diagnostic  criteria  in  Table  1  and  Figure  2).  In

brief, apart from the sustained increase in heart rate of at least 30 bpm in adults (or 40 bpm in adolescents aged 12–19 years; see section on POTS in the paediatric population) within 10 minutes of orthostasis, there must be an absence of orthostatic hypotension. Although a sustained absolute heart  rate  of  .120  bpm  may  be  diagnostic  irrespective  of delta heart rate, one must consider inappropriate sinus tachycardia in this scenario [2,3]. These changes must be accompanied by chronic symptoms of orthostatic intoler- ance, which worsen with upright posture and improve  with recumbence, persisting for at least 3 months. Com- mon orthostatic symptoms include dizziness, palpitations, presyncope, fatigue, headache, nausea, visual disturbance, sweating, tremor, and cognitive impairment [3]. Many in- dividuals with POTS also complain of non-orthostatic symptoms (Table 1).
When diagnosing POTS, there must be an absence of other conditions that may account for the postural tachycardia, such as anaemia, hyperthyroidism, dehydration, and severe deconditioning (Table 1). Although reduced stroke volume, cardiac output, left ventricular mass, and maximum oxygen uptake during exercise testing were thought to implicate deconditioning as a cause for POTS [34,35], more recent findings    of    low    ventricular    filling    pressures despite
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Figure 2  
Active stand test considerations. Created with  BioRender.
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[bookmark: Interpretation and Diagnostic Subtleties][bookmark: Management][bookmark: Non-Pharmacologic Treatments][image: ]maximum effort contradict the deconditioning hypothesis [36]. In most cases of POTS, the sudden onset after even mild acute illness, with no extended bed rest or hospital admis- sion, suggest that deconditioning is not a primary causative factor [11]. On the other hand, caution is warranted when diagnosing POTS in individuals who have been extensively bedbound for several weeks after acute illness because deconditioning may mimic the syndrome.
Although head-up tilt testing has informed historical diagnostic protocols, it is not always required for a diag- nosis of POTS. The use of head-up tilt testing does not require pharmacological provocation, such as nitroglycerin, or use of traditional syncope protocols because these do not add to the diagnostic yield. A thorough clinical history and use of an active stand test is sufficient in most individuals to establish a diagnosis of POTS. It should be noted, however, that delta heart rates are typically lower in the active stand test than in head-up tilt testing, raising the requirement for repeat testing if clinical suspicion remains high but heart rate criteria is not met [37]. However, where there is a risk of injury with use of an active stand test to patients, a drug-free head-up tilt test should be undertaken. There are many practical considerations surrounding orthostatic testing (Figure 2), which may uncover other types of orthostatic intolerance, including transient immediate or classic ortho- static hypotension and vasovagal syncope.
The use of patient-reported outcome measures is partic- ularly useful in those with POTS to help gather the patient’s objective quantification of symptom burden and direct treatment. A recently developed method, the Malmö POTS symptom score, is an easily accessible questionnaire of 12 usually reported POTS symptoms using a visual analogue scale that patients can complete before attending an initial appointment. A score of ≥42 could discriminate those with POTS from healthy controls, with 97% sensitivity and 98% specificity [33]. Other patient-reported outcome measures that may be considered include the Composite Autonomic Symptom Score (COMPASS-31), as a measure of broad autonomic symptom burden [38]; the five-point hypermo- bility score, which can assist in identifying the presence of joint hypermobility [39]; and the World Health Organization Disability Assessment Schedule, which can be helpful at identifying the effect on different domains of functionality. Given the complex and multisystemic nature of POTS, consideration should be given to extended appointment times to deal with the needs of this population. The use of specialist nurses to assist with diagnosis, education, and symptom management can be helpful for support of extended appointment times. Referral to other allied health professionals is also of critical importance and is dependent on individualised patient need.

Interpretation and Diagnostic Subtleties
A sustained heart rate increase should be seen on at least two consecutive measurements that are 1 minute apart [3]. If a patient has a supine heart rate at rest below 60 bpm, the

threshold increase is generally calculated from 60 bpm to avoid over diagnosis. For example, a heart rate at rest of 55 bpm would require a heart rate during standing of 90 bpm to meet diagnostic criteria [3]. Several overlapping or mimicking conditions must also be considered (Figure 2). Transient immediate orthostatic hypotension, a distinct but related disorder, presents as a transient drop in systolic   BP
≥40 mmHg (or diastolic ≥20 mmHg) within the first 15 seconds of standing. It is not part of the diagnostic criteria for POTS and can only be captured using beat-to-beat monitoring. However, it may coexist with POTS and contribute to early symptom  onset.
In contrast, sustained orthostatic hypotension, where the BP drop initiates and persists in the first 3 minutes, excludes a diagnosis of POTS and instead indicates a possible primary autonomic failure. Late-onset hypotension occurring alongside sustained tachycardia does not preclude a POTS diagnosis and may reflect inadequate vascular compensation or hypo- volaemia. If the heart rate and BP fall together, neurocardiogenic syncope should be considered. Conversely, if systolic BP rises with standing, this may indicate postural hypertension, a feature of hyperadrenergic POTS driven by excessive sympathetic tone. Given the fluctuating nature of POTS, a single negative active stand test does not exclude the diagnosis and may warrant repeat testing. In such cases, especially where clinical suspicion remains high, ambulatory heart rate monitoring can provide additional insight and use of patient-reported outcome mea- sures can further assist (Figure 2).

Management
POTS is a chronic condition, which may be relapsing and remitting in some patients, that cannot typically be “cured.” Holistic treatment goals include education of the patient, suppression of symptoms, maintenance of physical condi- tioning, and ultimately improving the overall quality of life. In most patients, the underlying physiological abnormality that drives the excessive heart rate with upright posture is inadequate venous return. Management usually includes initial non-pharmacologic measures, followed by pharma- cologic treatments to enhance vascular tone, increase plasma volume and heart rate control, and subsequent individually titrated exercises as tolerable (Figure  3).

Non-Pharmacologic Treatments
Some drugs can exacerbate orthostatic tachycardia (e.g., stimulants, diuretics, serotonin-norepinephrine reuptake inhibitors) and withdrawal or replacement, when possible, should be considered against their beneficial effects [3]. Patients should be counselled about triggers for their POTS to avoid prolonged orthostasis, exposure of heat and humid environments, reducing alcohol and caffeine intake, and reducing heavy meals with large carbohydrate content. The remaining non-pharmacological treatments are focused on increasing cardiac venous return. Patients should be advised to drink 3 L of water per day and to ingest an  extra
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Figure 3  
Management algorithm for POTS. Created with  BioRender.
Abbreviations: COMPASS-31, Composite Autonomic Symptom Score; d, day; POTS, postural orthostatic tachycardia syndrome.
)


[image: ]10 g of dietary salt (∼2 teaspoons or ∼4 g of sodium) to promote sodium retention and blood volume expansion [40]. High sodium intake has been shown to expand plasma volume, reduce standing norepinephrine levels, and lower upright heart rate in POTS, even in patients who are “hyperadrenergic.” [25] Long-term safety data on high di- etary sodium intake are still needed, so in those with other concurrent cardiovascular risk factors or renal disease or nephrolithiasis, the degree of salt loading would need to  be
moderated. Lower body compression garments can help to mitigate the gravity-induced fluid shifts that occur on standing and reduce upright and orthostatic tachycardia in those with POTS [41]. Compression of the abdomen was more effective than of legs alone with recent data showing efficacy of non–medical-grade high-waisted compression tights in POTS [42]. In some environments, these tights can lead to patient complaints of “overheating,” in which case, compression bicycle or body shaping shorts can be used (Figure 3).

Pharmacologic Treatments
Pharmacologic treatments are usually required by most (but not all) patients with POTS and should be layered on top of the non-pharmacological strategies. No pharmacologic therapies have been approved specifically for POTS and many of the drugs discussed are used off label (Table 2 and Figure 3). To date, robust multicentre  randomised controlled trials of treatment modalities remain lacking [43,44]. Recognising underlying phenotypes is an important

consideration for guiding therapy. Patients with low supine BP or clear hypovolaemia may benefit from volume expansion and vasoconstriction. Those with high supine heart rates or increased 24-hour averages may reflect a hyperadrenergic phenotype, where rate control may be more appropriate. Adjunctive symptom scoring methods, such as the Malmö POTS symptom score, can be helpful in quantifying symptom burden and tracking treatment response, particularly, in multidisciplinary settings where nurse-led assessments are used.

Vasoconstrictor
Midodrine (2.5–10 mg every 3–4 hours; avoiding a dose near bedtime) is a peripheral α-1 adrenergic receptor agonist prodrug that enhances vasoconstriction, cardiac venous re- turn, and stroke volume. This is used preferentially in pa- tients with a low BP phenotype or clinical evidence of acrocyanosis [45]. Several small studies in largely paediatric patients have shown potential symptom benefits and reduced postural tachycardia in the short-term, although well-conducted longer-term follow-up studies remain lack- ing [46,47].

Heart rate reduction
Ivabradine is a “funny channel” blocker that lowers sinus rate without β-blocker or blood pressure–lowering effects. A single-centre, placebo-controlled trial found that oral twice- daily ivabradine 5 mg lowered heart rate, improved symp- toms, and quality of life, with a strong trend in reducing standing norepinephrine levels in patients with POTS   [48].



	[bookmark: Blood volume expander][bookmark: _bookmark20]Table 2    Treatments for POTS.

	
Treatment
	
Dose
	
Comments

	Non-pharmacological
	
	

	Water
	3 L/day
	Can be difficult for patients with  gastroparesis

	Dietary salt or electrolyte
	10 g salt/day
	To help to retain more  fluid;

	supplements
	(2 teaspoons)
	Can cause nausea: dietary salt often better tolerated than tablets

	Waist-high compression Abdominal compression
	.20 mmHg (Firm)
	Works to enhance venous return when upright; Abdominal (upper thigh to bottom of rib cage) works better than legs

	Pharmacological
	
	

	Vasoconstrictor
	
	

	Midodrine
	2.5–10 mg orally 3–6 times  daily
	Can cause scalp tingling, piloerection, & goosebumps and worsen headache;

	
	
	Maximum 10 mg per 3 hours & up to 40 mg per day when awake;

	
	
	Avoid within 3 hours of  bedtime

	Heart rate reduction
Ivabradine
	
2.5–7.5 mg orally twice daily
	
Can cause visual disturbances and  bradycardia

	Propranolol Pyridostigmine
Blood volume expanders
Fludrocortisone


Desmopressin (DDAVP)
	10–20 mg orally up to 4 times daily 30–120 mg orally up to 3 times  daily
	Can cause bradycardia, fatigue, hypotension, & worsened asthma

	
	
	Can cause increased abdominal cramping, diarrhoea, & bradycardia

	
	0.1–0.2 mg orally daily
	Can cause oedema, acne, worsen migraine headache, & mood changes;

	
	
	Monitor for hypokalaemia

	
	0.1–0.4 mg orally at bedtime or twice  daily
	Can causes oedema;

	
	
	Monitor for hyponatraemia

	Other drugs
Clonidine

Methyldopa Guanfacine
	
0.1–0.2 mg orally at bedtime or up to 2–3 times daily
	
Can cause hypotension & fatigue (drowsiness); Watch for rebound tachycardia as drug wears  off

	
	125–250 mg orally bedtime 6 morning 1–2 mg orally at bedtime
	Can cause hypotension & lethargy if  overdosed

	
	
	Can cause hypotension & lethargy if  overdosed

	
Abbreviation: POTS, postural orthostatic tachycardia  syndrome.




[image: ]Propranolol is a non-selective drug that blocks β1- adrenergic and β2-adrenergic receptors. Low-dose oral propranolol (10–20 mg) improves tachycardia, symptoms [49], and exercise capacity in POTS [50], whereas higher doses can lead to worsening of symptoms [49]. Regular propranolol dosing (every 4 hours or 3–4 times per day) is needed due to its fairly short half-life. There has not yet been a study comparing propranolol and ivabradine in those with POTS, but ivabradine is likely better tolerated due to more favourable side effects profile although prohibitive for many due to cost constraints. Pyridostigmine is a peripheral acetylcholinesterase inhibitor that increases synaptic acetylcholine. Pyridostigmine 30–120 mg orally 2–3 times daily can acutely reduce upright heart rate in POTS patients [51]. Pyridostigmine can also help to reduce fatigue and weakness  and  increase  gut  motility,  which  are  common

symptoms in those with POTS and may need to be avoided in patients prone to diarrhoea  [52].
Blood volume expander
Fludrocortisone (0.1–0.2 mg daily) is a synthetic version of aldosterone that promotes renal sodium absorption and sec- ondary blood volume expansion. Although this is recom- mended in expert consensus statements and used relatively typically, its evidence in POTS remains limited to a small case series [44]. The side effects of fludrocortisone can be prob- lematic at higher doses to include hypokalaemia, mood dis- turbances, migraine headache, and weight gain. Desmopressin (DDAVP; 0.1–0.4 mg up to twice daily) is a synthetic vaso- pressin that promotes renal free-water retention and is another option for consideration for blood volume expansion. It re- quires close monitoring for potential hyponatraemia [53,54].



[bookmark: Other treatments][bookmark: Exercise Therapy for POTS][bookmark: Special Considerations for POTS][image: ]Intermittent intravenous fluid supplementation may be useful in those with poor oral intake as bridging therapy or during acute POTS flares to reduce POTS symptoms and improve quality of life given that its efficacy has been shown in those with drug-resistant orthostatic intolerance [55]. However, there is no evidence to support use of regular intravenous fluids in the long-term due to the risks and complications associated with chronic central venous access [2].
Other treatments
Central sympatholytic drugs (clonidine [up to 0.1–0.2 mg orally at bedtime or as needed], methyldopa [125–250 mg orally at bedtime], and guanfacine [1–2 mg orally at bedtime]) [28,56] can be useful in patients with heightened sympathetic nervous system activity or very hyper- adrenergic features, although the evidence supporting their use in POTS remains poor. These drugs have narrow ther- apeutic ranges, so it important to start with low doses. Immunotherapy may benefit a subset of POTS patients with suspected or confirmed autoimmune involvement [57,58]. Case reports and small series have shown improvements with intravenous immunoglobulin, plasma exchange, corti- costeroids, and biologics, although data are limited [57–61]. A single small randomised controlled trial of intravenous immunoglobulin showed no significant benefit, although larger studies are warranted to clarify its role [62]. Taken together, immunotherapy is under investigation in clinical trials and limited to compassionate use in selected refractory cases with immune-mediated aetiology or in those with comorbid systemic autoimmune conditions. Non-invasive auricular vagal nerve stimulation has recently been shown to reduce orthostatic tachycardia in POTS [63,64]. Further studies are needed to delineate the optimal stimulation site, frequency, intensity and duration, its effect on POTS symptoms, and the mechanisms of benefit  [65].

Exercise Therapy for POTS
Exercise is a usually recommended non-pharmacological intervention for POTS, offering several physiological and psychological benefits. It enhances venous return, cardiac reserve, and stroke volume, helping to stabilise cardiac output and reduce compensatory tachycardia [66]. Regular activity may also increase plasma volume via upregulation of vasopressin and renin and improving overall circulatory stability [66]. Importantly, exercise has been associated with improved cerebral perfusion, potentially mitigating symp- toms related to orthostatic intolerance and cognitive dysfunction. Additionally, it may reduce systemic inflam- mation and support mood regulation through neuroendo- crine and autonomic modulation [66]. Non-upright exercise with a focus on aerobic reconditioning has been shown to improve cardiovascular haemodynamic and symptoms in patients with POTS [34].
Several key features of POTS, such as exercise intolerance, cerebral hypoperfusion, fatigue, and orthostatic symptoms, pose   significant    barriers    to    initiating    and  sustaining

structured exercise programs. Despite these challenges, several protocols have been developed to support gradual reconditioning in this population, including the Levine/ Dallas protocol [67], the Children’s Hospital of Philadelphia protocol, Autonomic Conditioning Therapy [68], and Autonomic Disorder Adaptive Physical Therapy [69]. Despite reduced symptom burden being significant in those who are able to complete the protocols, high drop-out rates have been observed [70,71]. Unfortunately, existing reha- bilitation models often fail to account for severe orthostatic intolerance and other unique needs of patients with co- morbid myalgic encephalomyelitis/chronic fatigue syn- drome [6,9,68].
It is important to adopt a personalised approach to exer- cise prescription, especially when commencing and pro- gressing an exercise plan to ensure it remains within an individual’s physical capacity. When in a flare, this may entail achieving the capacity to undertake personal activities of daily living. A detailed structured exercise prescription considerations according to the frequency, intensity, time, type framework is provided in Figure 4. The aim of such programs is to improve POTS symptoms and tolerance to exertion while not significantly worsening fatigue or post- exertional malaise. From a practical viewpoint, the phys- ical improvement may be slow and require weeks to months of exercise training [72]. An individualised exercise approach for POTS should prioritise pacing and functional preservation over rigid progression. Graded exercise pro- grams with strict advancement targets may exacerbate symptoms, such as post-exertional malaise, and risk compromising essential daily and social functioning [68,73]. Instead, a flexible, pacing-based model is recommended: beginning with core activation, proximal stability, and short bouts of light movement, alongside education in energy conservation [68,73]. This approach gradually reintroduces instrumental activities of daily living before progressing to structured exercise, tailored to the individual’s autonomic capacity and symptom threshold. Such strategies help sup- port physical reconditioning without sacrificing autonomy or triggering symptom flares [68,73,74]. To improve the success of exercise interventions in POTS, additional stra- tegies should be implemented concurrently: ensuring adequate hydration with electrolytes before, during, and after sessions; using compression garments to support venous return; and increasing the legs post-exercise to optimise venous return and facilitate  recovery.

Special Considerations for POTS
Multisystem comorbidities such as migraine, hypermobile Ehlers–Danlos syndrome and hypermobility spectrum dis- orders, myalgic encephalomyelitis/chronic fatigue syn- drome, fibromyalgia, autoimmune disorders, and mast cell activation syndrome are frequently present in those with POTS, contributing to increased complexities in their overall management [3]. Although the pathophysiological mecha- nisms that underlie these associated chronic conditions     in
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Figure 4 
Considerations for exercise in POTS. Created with BioRender. Abbreviation: POTS, postural orthostatic tachycardia  syndrome.
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[image: ]those with POTS are not fully understood, one must not assume that all patients with these conditions will meet the strict haemodynamic criteria for POTS. Here, we present a summary from the neurological, gastroenterological, psy- chological, paediatric, and primary care perspectives rele- vant to our care of patients with  POTS.

Neurological
Small fibre neuropathy is seen in at least  50%  of  those  with POTS with abnormal temperature and pain sensation in the extremities, face, and trunk [75,76]. Although traditional length-dependent distribution (beginning in the longest nerves at their terminals, e.g., distal foot) of reduced temper- ature and pinprick sensation is common in patients with POTS and small fibre neuropathy, a patchy sensory disturbance (non–length-dependent) is also seen, a pattern that is common in autoimmune disorders, which may be comorbid in a subset of patients with POTS [77,78]. Large fibre neuropathy is un- common in patients with POTS but may be present if there are concurrent glucose intolerance, diabetes, vitamin deficiency, or autoimmune disorders [79]. Additional neurologic abnor- malities in those with POTS may include dilated pupils with poor pupillary response to light, reduced temperature and pinprick sensations in the feet and hands if small fibre neu- ropathy is present, and peripheral acrocyanosis due to blood pooling and vasomotor dysfunction.

If parkinsonism or cerebellar signs are present in a patient with orthostatic intolerance, one must entertain the possi- bility of Parkinson’s disease–associated orthostatic hypo- tension and several system atrophy. Originally, POTS was described as a limited or restricted form of autonomic neuropathy [1]. The potential immune-mediated aetiology can be glimpsed from the low-level titres of acetylcholine ganglionic receptor antibodies and other antibodies found in a subset of individuals with POTS [80,81]. However, this is distinct from those with autoimmune autonomic gan- glionopathy, a rare autonomic disorder that presents with orthostatic hypotension and not POTS, and typically occurs in middle-aged individuals with a high titre of acetylcholine ganglionic receptor antibodies [82,83].
A common misconception that exists among neurologists is that POTS may be associated with or based in functional neurological disorders (FNDs). It is important to emphasise that POTS and other common autonomic disorders are not FNDs and not caused by a functional aetiology [84–86]. Although some patients may demonstrate “psychogenic syncope” or dissociative attacks overlapping with POTS, these attacks likely reflect a combination of factors including reduced cerebral blood flow, superimposed psychological distress, possible poor coping mechanisms, and other bio- psychosocial factors that can be associated with a chronic and debilitating  medical  condition.   Objective  haemodynamic



[bookmark: Gastroenterological][bookmark: Psychological][bookmark: POTS in the Paediatric Population][image: ]diagnostic criteria for common autonomic disorders have been established, including orthostatic intolerance with presence of heart rate, blood, and cerebral perfusion abnor- malities, whereas none of these features are present in the diagnostic criteria of FND [2,86,87]. Rarely, POTS and FND may coexist, and, in these patients, treatment of POTS should be initiated first before a referral to FND-tailored physical therapy [84,88].
Gastroenterological
Gastrointestinal symptoms are common in POTS population and challenging to manage given lack of understanding of contributing aetiological factors. The enteric nervous system is composed of a vast number of neurons, with the myen- teric plexus mainly regulating peristalsis and the submu- cosal plexus controlling secretomotor functions and local blood flow. Additionally, endocrine hormones such as gastrin, cholecystokinin, secretin, GLP-1, and motilin facili- tate contraction patterns, gastric emptying, and sphincter control. Dysregulation of the neuroimmune axis—a dy- namic communication network that coordinates interactions between the nervous, immune, and endocrine systems—or its interactions with the microbiota or extracellular matrix may underlie the gastrointestinal problems of dysmotility and pain in those with POTS [89]. Other potential mecha- nisms include macrophage dysregulation, mast cell degranulation, and mechanical barrier disruption [90,91]. Neuroimmune axis dysregulation can slow or result in rapid gastrointestinal transit, provoke nausea or vomiting, and diminish nutrient absorption [92]. In a very small propor- tion of patients with POTS, especially those with comorbid hypermobile Ehlers–Danlos syndrome or mast cell activa- tion syndrome, enteral feeding may be required, and, sometimes, this is better tolerated with more distal admin- istration into the jejunum. On these occasions, efforts can be made to increase fluid intake via the enteral feeding tube. Rarely, complete enteral intolerance may occur, where even minimal enteral administration of drugs or feeds can cause severe symptoms, culminating in intestinal failure. At this stage, parenteral nutrition may be required together with supplemental intravenous fluids [93].
There are a multitude of tests available to measure gastrointestinal function, motility, and barrier integrity, such as scintigraphy, body surface gastric mapping, impedance planimetry, wireless motility capsule, cine– magnetic resonance imaging, high-resolution manometry, and confocal laser endomicroscopy. Unfortunately, most of these are not routine clinical investigations and do not provide insights into the molecular and cellular mechanisms to guide therapeutic interventions [89]. There are only a few drugs available to treat gastrointestinal motility disorders. Specific to the POTS population and in addition to its heart rate slowing effect, pyridostigmine can increase gastroin- testinal motility by blocking the breakdown of acetylcholine released by parasympathetic autonomic nervous system neurons,   enhancing   smooth   muscle   contractions   in the

gastrointestinal tract, as seen in those with autonomic neu- ropathy [94]. Other prokinetic agents, such as metoclopra- mide, erythromycin, or prucalopride, may also be considered in those with delayed gastric emptying. Ortho- static nausea may be reduced if an adequate intake of fluid and sodium can be achieved. Those with suspected mast cell dysregulation contributing to gastrointestinal symptom burden may benefit from an initial trial with dual antihis- tamines to assess therapeutic response. Novel therapies targeting the molecular and cellular mechanisms that un- derlie neuroimmune axis interactions may, in the future, open exciting avenues to improve gastrointestinal function, motility, and barrier integrity, along with reducing chronic pain and improving enteral tolerance.

Psychological
There is no increase in lifetime prevalence of major depressive or anxiety disorders in those with POTS compared with the general population when assessed using a formal clinical interview [95]. Using self-rated question- naires, most studies found mild to moderate depression [95–97], whereas severe depression is less common [98]. Higher depression scores have been found to be associated with increased orthostatic symptoms, perceived level of disability, and recency of POTS diagnosis [95,97,99,100]. Mild increase in anxiety has been shown in several POTS studies [95,101,102], with contribution from increased vigi- lance for cardiac symptoms and feeling faint [96,103]. Masuki et al. [101] have elegantly demonstrated that excessive heart rate increase to orthostatic stress in those with POTS was not caused by anxiety. However, in an on- line self-report study, Pederson and Brook found that 15% of patients with POTS had attempted suicide compared  with 3% of controls, whereas 20% of the respondents with POTS fell into a high-risk category for suicidal ideation and attempts [104].
Studies assessing psychotropic drugs in POTS are limited. In an acute study administering sertraline, patients with POTS experienced modest increase in seated BP that did not translate to reduced heart rate or improved symptoms compared with placebo [105]. In a retrospective medical record review, patients with POTS who were taking bupropion did not experience a significant change in heart rate, BP, or POTS symptoms [106]. Others have found the use of serotonin-norepinephrine reuptake inhibitor to worsen POTS symptoms and orthostatic tachycardia [107]. Taken together, the use of psychotropic drugs in those with POTS requires careful monitoring and titration, whereas adjunctive psychological support may assist in managing comorbid anxiety, depression, or adjustment difficulties that can arise secondary to chronic illness  [108].

POTS in the Paediatric Population
POTS occurs in the paediatric population, with the reported modal age of onset at 14 years [5]. In addition to a history of



[bookmark: Primary Care and POTS][bookmark: Patient Experiences and Advocacy in POTS][image: ]chronic orthostatic intolerance, the diagnostic criteria include a sustained upright heart rate increase of ≥40 bpm in those aged 12–19 years, although this threshold has been debated [7,109]. Indeed, autonomic symptomatology was found to be equivalent in adolescents with chronic ortho- static intolerance and a standing test–induced heart rate increase of 30–39 bpm or ≥40 bpm [110]. Consensus state- ments have historically used aged 12 years as the lower limit for diagnosing patients with paediatric POTS [7,86]. How- ever, those aged younger than 12 years can exhibit the same symptomatology, with probably similar underlying patho- physiologic mechanism seen in adolescents and adults. Taken together, the absolute heart rate threshold and age criteria in paediatrics POTS appear to be too restrictive and require further assessment.
Because the manifestations of paediatric POTS appear to be no different from those of adult POTS, therapeutic approach is similar with non-pharmacologic and pharma- cologic therapies [111–113]. Similarly, this will include diagnosis and treatment of any other comorbid conditions in conjunction with their POTS [114,115]. Recent data from the Australian POTS registry showed that adolescents (aged 16–19 years) and adults (aged .19 years) exhibited similar autonomic symptom scores, with no significant differences in total COMPASS-31, secretory motor, vasomotor, or pu- pillary motor scores, with the exception of worse orthostatic intolerance but less severe bladder and gastrointestinal symptom scores in the younger group [10]. Despite several previous studies suggesting that POTS is self-limited and spontaneously resolves, a recent large study in young adult patients with symptoms for a mean duration of 9.6 years demonstrated that 99.1% of patients remained symptomatic and required continued therapeutic interventions [116]. This highlights that various therapies only suppress symptoms without eliminating the actual cause of POTS. Several con- siderations exist in younger POTS populations because ad- olescents are still undergoing cerebral maturation, have increased hormonal activity, are typically more physically active, have greater joint mobility, have somatic growth, initiate menarche, and (typically) have parents who also require guidance in their development and diagnostic journey.

Primary Care and POTS
General practitioners (GPs) have a central role in detecting and managing patients with POTS, as well as referring to specialist care, when appropriate. GPs are ideally placed to arrest the long diagnostic journey typical in those with POTS at its outset by being alert to considering POTS in polysymptomatic patients and enquiring about orthostatic intolerance. A high index of suspicion should be maintained in patients with orthostatic intolerance who have associated conditions, such as joint hypermobility, chronic fatigue including post-infection (COVID-19) syndrome, fibromyalgia, autism spectrum disor- der, attention-deficit/hyperactivity disorder, and endometriosis

[3]. Although recognising the constellation of undifferentiated symptoms as possible POTS can be challenging, questionnaires such as the Malmö POTS symptom score and COMPASS-31 survey can assist [33,38]. A 10-minute active stand test can be undertaken with investigations such as full blood count, elec- trolytes and renal function, thyroid function, vitamin D, ferritin, morning cortisol, 12-lead electrocardiogram, and Holter moni- toring to exclude other diagnoses. Referral for further in- vestigations and specialist care may be necessary when the diagnosis remains unclear.
GPs can initiate treatment by educating individuals with POTS to avoid triggers and implement lifestyle measures. Patients can also be directed to online resources from various POTS advocacy organisations and a directory of local healthcare providers with interest in managing this condition. Where non-pharmacologic measures do not provide sufficient symptom improvement, drugs should be initiated in primary care. All drugs for POTS are off label, although they have permitted indications for other condi- tions. Although some drugs are not usually initiated in primary care, especially in younger people or children, a shared care arrangement may be necessary. Because POTS mostly affects women of reproductive age, the safety of many POTS drugs in pregnancy and breastfeeding remains uncertain, whereas ivabradine is contraindicated [117]. Contraception should be recommended where appropriate and, where possible, a trial off pharmacological agents or reduction or substitution in treatment before conception should be initiated [118]. It is common that people with POTS are unable to work or attend school, and GPs often need to advocate for their patients to enable better support in these environments and availability of benefits. GPs play a central role in coordinating care for their patients with POTS because the multisystem nature of autonomic dysfunction often requires input from several medical and allied health specialists. Leveraging practice nurses and nurse practitioners, as seen in heart failure care, may reduce assessment burden and support sustained primary care coordination. These professionals are well placed to assist in symptom monitoring and perform active stand tests to assess response to treatment and inform individualised care.

Patient Experiences and Advocacy in POTS
Those with POTS usually live with several coexisting medical conditions, which compound the complexity of their care and amplify the physical, emotional, and logis- tical burden of their illness [8]. Women are disproportion- ately affected, with significantly higher rates of clinician diagnosed iron deficiency, migraine, joint hypermobility, and irritable bowel syndrome than men with POTS [9]. This clustering of immune, connective tissue, and autonomic dysfunction suggests overlapping pathophysiology and yet patients often navigate fragmented care, without coordi- nation    across    specialties.    The    coexistence    of several



[bookmark: Conclusions][bookmark: Funding Sources][bookmark: Author ContributionsD.H.L.: conceptualis][bookmark: Author Contributions][image: ]“invisible” disorders contributes to profound functional disability, with high rates of unemployment and social withdrawal [8].
Clinicians should be aware that the diagnostic journey for people with POTS is often long, distressing, and marked by frequent misattribution of symptoms to psychological cau- ses [9,10,119]. Australians with POTS face some of the longest diagnostic delays worldwide, averaging 6.7 years [9,10]. More than half present to emergency departments several times before diagnosis and often undergo extensive and low-yield repeated testings [9]. Sex-dependent differ- ences in diagnostic experiences are particularly marked: women experience nearly double the diagnostic delay of men (7.0 vs 3.8 years), are 2.6 times more probable to be placed on a mental healthcare plan, and are significantly more probable to have their symptoms attributed to anxiety [9]. Notably, women demonstrate equivalent health-seeking behaviours and similar anxiety rates to men, suggesting a clinician-driven rather than patient-driven influence on diagnostic inequity [9]. Persistent scepticism and lack of education among clinicians, along with limited access to formal haemodynamic testing, may all contribute signifi- cantly to the diagnostic delay. Targeted interventions to improve clinician education with official care pathways are necessary to reduce acute care presentations and diagnostic delay.
International investment in research on POTS remains critically underdeveloped, with no dedicated funding to date from Australia’s major funding bodies [43,120]. Addi- tionally, the economic effect of POTS is substantial. In a national   survey   (n.600),   58%   of   individuals   reported permanently leaving employment or education due to symptoms, 56% borrowed money for treatments not covered by the Pharmaceutical Benefit Schemes, over half earned less than the minimum wage, and 8% had a family member cease paid employment to provide care [121]. Availability of care also remains a major barrier, with 67% of those with long-COVID POTS reported difficulty obtaining appropriate care, and 69% had to raise POTS as a diagnostic possibility to their treating clinician [12]. This lack of clinical recognition probably contributes to the broader underdi- agnosis of POTS, particularly, in overlapping invisible ill- nesses where POTS remains unrecognised and untreated. In conditions such as long-COVID, fibromyalgia, myalgic encephalomyelitis/chronic fatigue syndrome, and joint hypermobility syndromes, untreated POTS can lead to progressive functional decline, prolonged disability, and substantial economic burden [11,122–124]. Systemic reform is essential to further improve access to multidisciplinary POTS care. Rehabilitation programs should be adapted to meet the needs of those with POTS—often young in- dividuals without cardiac risk factors—who experience orthostatic intolerance, cognitive impairment due to cerebral hypoperfusion and progressive functional decline. Finally, embedding lived experience into care design and workforce training is critical to ensuring services are accessible, responsive,    and    relevant.    Best    practice    engagement

frameworks, codesigned by those with lived experience of POTS, are available through the Australian POTS Founda- tion Lived Experience Framework [125].

Conclusions
POTS is a complex condition, and, despite established diagnostic criteria, significant diagnostic delays exist worldwide. The effect of POTS includes disability, frequent societal and economic withdrawal, and poor health-related quality of life. As a dominant phenotype in long-COVID, the prevalence of this condition will continue  to  grow,  with most healthcare professionals likely to encounter such individuals due to the broad symptom burden often observed in this population. Much work is needed to improve recognition of POTS, supported by dedicated research funding, ensuring equitable access to vital POTS drugs, multidisciplinary care, specialised rehabilitation ser- vices, and disability support to meet the needs of this growing population.
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