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Postural Orthostatic Tachycardia Syndrome (POTS)

A Review

Tae Hwan Chung, MD; Satish R. Raj, MD, MSCI

IMPORTANCE Postural orthostatic tachycardia syndrome (POTS) is a chronic autonomic
disorder characterized by excessive orthostatic tachycardia and multisystem symptoms that
affects an estimated 0.1% to 1% of the US population. POTS can substantially impair daily
functioning and quality of life.

OBSERVATIONS Consensus criteria define POTS by chronic symptoms of orthostatic
intolerance accompanied by a sustained heart rate increase of at least 30 beats/min (=40
beats/min in adolescents aged 12-19 years) within 10 minutes of standing or head-up tilt, in
the absence of orthostatic hypotension, defined as a decrease in either systolic blood
pressure of at least 20 mm Hg or diastolic blood pressure of at least 10 mm Hg with positional
change. POTS symptoms may include palpitations, lightheadedness, nausea, vomiting,
gastroparesis, anorexia, generalized weakness, and muscle pain, despite absence of
structural pathology within cardiovascular, gastrointestinal, and neurological organs. POTS
predominantly affects females (approximately 90% of cases), with peak incidence from ages
13 to 29 years. However, the true prevalence remains uncertain partly due to
underrecognition and lack of a specific diagnostic code for POTS until 2022. Common
symptoms include lightheadedness, palpitations, fatigue, cognitive dysfunction (“brain fog"),
exercise intolerance, nausea, bloating, constipation, diarrhea, and sleep disturbance. In a
survey of 4835 patients, approximately 70% reported substantial functional impairment and
loss of school or work participation, and median diagnostic delay was 24 months. In 30% to
40% of cases, symptoms began within 3 months after infections, such as SARS-CoV-2,

Epstein-Barr virus, and influenza. Initial evaluation should exclude other conditions that cause

sinus tachycardia, including thyroid disease, adrenal insufficiency, pheochromocytoma,
cardiomyopathy, valvular heart disease, congenital heart disease, chronic lung disease,
medication effects (eg, stimulants, norepinephrine reuptake inhibitors, and diuretics),
anemia, and dehydration. First-line treatment includes nonpharmacological strategies to
improve cardiac preload, including increased fluid and sodium intake, lower-body
compression garments; avoidance of heat exposure, dehydration, and prolonged standing;
and structured supervised aerobic training. Pharmacological therapies should be
individualized and may include B-blockers, ivabradine, midodrine, fludrocortisone, and
pyridostigmine, although evidence supporting many therapeutic interventions is limited by
small studies and lack of large, randomized trials.

CONCLUSIONS AND RELEVANCE POTS is a chronic autonomic disorder associated with
functional impairment and reduced quality of life that is diagnosed based on characteristic
orthostatic symptoms in the absence of orthostatic hypotension after excluding alternative
causes of sinus tachycardia. Treatment involves nonpharmacological measures (such as
increased fluid and sodium intake), lower-body compression garments, structured exercise
training, and individualized pharmacological therapy.

JAMA. doi:10.1001/jama.2026.14809
Published online August 24, 2026.

Downloaded from jamanetwork.com by Ben Gurion Univ of the Negev user on 08/31/2026

Clinical Review & Education

Multimedia

CME at jamacmelookup.com

Author Affiliations: Shirley Ryan
AbilityLab, Chicago, lllinois (Chung);
Department of Physical Medicine and
Rehabilitation, Northwestern
University, Chicago, lllinois (Chung);
Department of Physical Medicine and
Rehabilitation, Johns Hopkins
University, Baltimore, Maryland
(Chung); Department of Cardiac
Sciences, Libin Cardiovascular
Institute, University of Calgary,
Calgary, Alberta, Canada (Raj);
Division of Clinical Pharmacology,
Department of Medicine, Vanderbilt
University Medical Center, Nashville,
Tennessee (Raj).

Corresponding Author: Tae Hwan
Chung, MD, Shirley Ryan AbilityLab,
355 E Erie St, Chicago, IL 60611
(tchung@sralab.org).

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

E1


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2026.14809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.14809
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2026.14809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.14809
https://edhub.ama-assn.org/jn-learning/module/10.1001/jama.2026.14809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.14809
https://edhub.ama-assn.org/jn-learning/module/10.1001/jama.2026.14809?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.14809
mailto:tchung@sralab.org

E2

Clinical Review & Education Review

ostural orthostatic tachycardia syndrome (POTS) is a chronic

autonomic disorder defined by a sustained heart rate in-

crease of more than 30 beats/min (>40 beats/min in indi-
viduals aged 12-19 years) within 10 minutes of standing or head-up
tilt, in the absence of orthostatic hypotension. Additionally, resting
heart rate in the recumbent position should be less than 100 beats/
min, and characteristic symptoms of autonomic dysfunction such
as lightheadedness, palpitations, fatigue, cognitive impairment, or
exercise intolerance, must be present for at least 3 months. Pro-
posed pathophysiological mechanisms include peripheral sympa-
thetic dysfunction, altered blood volume regulation, exaggerated
sympathetic activation, physical deconditioning, immune-
mediated mechanisms, and cerebrovascular dysregulation.

Although the term POTS was introduced in the early 1990s,'2
related syndromes, such as Da Costa syndrome (Soldier's Heart and
Effort Syndrome) and neurocirculatory asthenia, have been de-
scribed for more than a century. The diagnosis of POTS has in-
creased during and after the COVID-19 pandemic, but it frequently
remains underrecognized and misdiagnosed, so the true preva-
lence is uncertain. Recent estimates suggest that 0.1% to 1% of the
US population—predominantly women of childbearing age—are af-
fected, with approximately 70% experiencing substantial func-
tional impairment, such as loss of school or work participation, and
reduced quality of life.*® Patients frequently experience diagnos-
tic delays with a median of 24 months from symptom onset to di-
agnosis of POTS 2
This review summarizes current evidence on the pathophysi-

ology. diagnosis, and management of POTS.

Methods

We reviewed the medical literature on POTS using PubMed and
Embase from January1,1990, through May 26, 2026. Search terms
included postural orthostatic tachycardia syndrome, POTS, ortho-
static tachycardia, and postural orthostatic syndrome. Randomized
clinical trials, cohort studies, and consensus statements from ma-
jor autonomic societies were prioritized. We also reviewed refer-
ence lists of key articles identifying additional relevant publica-
tions. Atotal of 1841articles were retrieved from the search. Of these,
103 articles were included in this review, consisting of 74 observa-
tional studies, 14 randomized clinical trials, 2 systematic reviews or
meta-analyses, 3 narrative reviews, and 3 guidelines or position state-
ments. An additional 7 references that provide historical, epidemio-
logical, pathophysiological, or methodological context were not part
of the formal review.

|
Discussion

Pathophysiology

The dysregulation of the autonomic nervous system in POTS may
involve multiple etiologies, including sympathetic vasomotor de-
nervation, immune-mediated autonomic dysfunction, physical de-
conditioning, and altered blood volume regulation. All these etiolo-
gies cause central hypovolemia due to excessive blood pooling
contributing to the orthostatic tachycardia of POTS (Figure 1), which
is exacerbated during standing and exercise. Although central hy-
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povolemia is not directly measured in routine clinical practice, it is
supported by physiological studies (such as invasive cardiopulmo-
nary exercise tests, cardiac magnetic resonance imaging [MRI], ra-
dionuclide blood volume assessments, and segmental bioelectri-
cal impedance studies) that demonstrate reduced stroke volume,
impaired venous return, and plasma volume deficits in patients with
POTS.”° Reduced cardiac preload in both the systemic and pulmo-
nary circulations may contribute to persistent fatigue, cognitive im-
pairment ("brain fog"), and dyspnea despite normal oxygen satura-
tionand absence of structural cardiopulmonary disease, independent
of posture or activity level.#'°72 |n response to reduced cardiac pre-
load, a compensatory baroreflex-mediated increase in sympa-
thetic tone is triggered, particularly during standing, resulting in si-
nus tachycardia. The sinus tachycardia response is generally
considered a homeostatic mechanism to maintain systemic blood
pressure and cerebral perfusion and to prevent syncope. In some
patients, this response is associated with elevated plasma norepi-
nephrine, reflecting exaggerated sympathetic activation. Occasion-
ally, excessive tachycardia may precipitate vasovagal syncope via a
cardiovascular reflex triggered by ventricular underfilling.” Be-
yond the compensatory tachycardia, the hyperadrenergic re-
sponse contributes to a range of noncardiovascular symptoms as-
sociated with the fight-or-flight state, such as feeling anxious,
hyperhidrosis, reduced appetite, gastrointestinal dysmotility
(eg, nausea, bloating), and insomnia. These compensatory re-
sponses can be exaggerated, persistent, and functionally maladap-
tive in POTS. Patients with POTS can experience paradoxical coex-
istence of impaired sympathetic function (affecting peripheral
vasculature) and sympathetic hyperfunction (affecting the heart with
resultant tachycardia; Figure 1).

Patchy denervation of peripheral sympathetic vasomotor nerves
is one of the primary causes of excessive blood pooling in the lower
body,*'> which was supported by norepinephrine spillover stud-
ies demonstrating reduced release of the sympathetic nervous sys-
tem neurotransmitter norepinephrine from the lower extremity
vasculature,’® and corroborated by blunted muscle sympathetic
nerve activity in the lower legs of a subset of patients with POTS."”
This regional sympathetic failure leads to impaired vasomotor tone,
excessive blood pooling, and impaired cardiac venous return. Par-
tial peripheral autonomic denervation can be evaluated in clinical
practice using quantitative sudomotor axon reflex testing, which
measures sweat production in response to localized stimulation with
the neurotransmitter acetylcholine, and has demonstrated a patchy,
nonlength-dependent loss of sweat production in POTS.""” Skin bi-
opsy shows a reduced intraepidermal nerve fiber density affecting
45% to 53% of patients.'81°

In approximately 30% to 40% of cases, symptoms start 2 to 4
weeks after an infectious illness, such as SARS-CoV-2, Epstein-Barr
virus, and influenza.>2%2" In this context, autoimmunity has been
proposed as a contributor to autonomic neuropathy. Small studies
have identified autoantibodies against G protein-coupled recep-
tors, including a-adrenergic and B-adrenergic receptors, in many pa-
tients with POTS.22-24

Patients with POTS have been found to have a 16% reduction
in left ventricular mass (cardiac MRI scans) and 13% lower blood vol-
ume (radionuclide assessments) compared with healthy controls.”?®
These changes resemble adaptations observed in prolonged bed rest
or spaceflight,26-28 and some of these changes can be partially
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Figure 1. Overview of Proposed Pathophysiology in Postural Orthostatic Tachycardia Syndrome

Pathophysiology of postural orthostatic tachycardia syndrome (POTS)
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reversed with structured exercise interventions. Although most pa-
tients with POTS have not had prolonged bed rest prior to the on-
set of symptoms, physical deconditioning and subsequent cardiac
atrophy represent potentially reversible and modifiable contribu-
tors to the pathophysiology of POTS.?

Many studies have shown that patients with POTS have a low
blood volume when formally assessed using radionuclide studies.
Several studies have shown inappropriately blunted plasma renin
activity and suppressed aldosterone levels in some patients de-
spite the evidence of hypovolemia, a finding often referred to as the
renin-angiotensin-aldosterone paradox.?°3 In the largest prospec-
tive study, 15 patients with POTS had a plasma volume deficit of
334 mL compared with 10 mL in controls and had lower aldoste-
rone levels despite similar plasma renin activity.2® This blunted renin-
angiotensin-aldosterone system response may limit the expected
compensatory sodium and water retention, thereby contributing to
chronic hypovolemia and orthostatic intolerance.?®
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Reduced cerebral blood flow velocity may contribute to the
neurocognitive symptoms of POTS (brain fog).'®->3 Transcranial
Doppler studies have demonstrated a significant reduction in
cerebral blood flow velocity and altered cerebral hemodynamics
during standing," potentially due to reduced stroke volume and
orthostatic hyperventilation leading to hypocapnia.>* Hypocap-
nia induces cerebral vasoconstriction and peripheral vasodilation,
which reduces blood flow to the brain. Decreasing brain oxygen
levels induce hyperventilation that increases hypocapnia, estab-
lishing a feed-forward mechanism that further worsens oxygen
delivery to the brain independent of systemic blood pressure
(Figure 1).34:3%

Epidemiology and Risk Factors

POTS is estimated to affect up to 1% of the US population, al-
though this estimate is based primarily on expert consensus be-
cause population-based epidemiological studies are lacking.3®
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Box. Frequently Asked Questions About Postural Orthostatic
Tachycardia Syndrome

What are the diagnostic criteria for postural orthostatic tachycardia
syndrome (POTS)?

The diagnostic criteria for POTS includes a sustained heart rate
increase of more than 30 beats/min (>40 beats/min in individuals
aged 12-19 years) within 10 minutes of standing or head-up tilt
without orthostatic hypotension (defined as a decrease in either
systolic blood pressure of =20 mm Hg or diastolic blood pressure
of =10 mm Hg within 3 minutes of positional change) and
presence of characteristic symptoms of autonomic dysfunction
(eg, lightheadedness, palpitations, fatigue, cognitive impairment,
or exercise intolerance) for at least 3 months in patients without
other medical conditions, disorders, or medications that could
cause these symptoms.

What are nonpharmacological treatments for patients with POTS?
First-line treatment approaches for POTS are nonpharmacological,
including discontinuation of medications that increase heart rate
such as amphetamines, atomoxetine, or spironolactone,
increasing dietary salt to 10 g daily and water to 3 L daily to expand
blood volume, use of lower-body and abdominal compression
garments, and supervised exercise training with an aerobic focus.
Patients with POTS should avoid dehydration, alcohol
consumption, and prolonged standing or sitting and should be
encouraged to periodically use physical countermeasures, such as
leg crossing, squatting, or isometric muscle tensing, to augment
venous return.

What are pharmacological treatments for patients with POTS
and when should they be started?

Pharmacological treatments should be considered for patients
with persistent POTS symptoms despite implementation of
nonpharmacological treatments or for those with substantial
symptoms at the initial visit, and should be added to
nonpharmacological treatments. Commonly used medications
include heart rate-lowering medications, vasoconstrictors, blood
volume expanders, and sympatholytic medications. Selection of
medication should be guided by the predominant physiological
disturbance and POTS symptom profile.

Aretrospective, electronic health record (EHR)-based study in 2025
of 200 million US patients estimated the age-standardized diag-
nostic incidence of POTS at 24.5 per 100 000 and its diagnostic
prevalence at 100 per 100 000.° However, these EHR-based esti-
mates are likely underestimates because the specific International
Statistical Classification of Diseases and Related Health Problems,
Tenth Revision diagnostic code for POTS only became available on
October 1, 2022.3738 Females account for approximately 90% of
POTS cases>*® with the highest incidence in the 13- to 29-year age
range, reaching approximately 90 to 100 per 100 000 in females.®
Multiple studies show an increased risk of POTS following SARS-
CoV-2 infection, with approximately 2-fold higher relative risk and
pooled absolute rates of approximately 1% (=108 per 10 000 indi-
viduals) among infected populations.®394° These numbers par-
tially reflect increased clinical recognition during the post-
COVID-19 period.*' An EHR-based study from Cedars-Sinai Medical
Center including 284 592 vaccinated individuals and 12 460 pa-
tients with SARS-CoV-2 infection reported modestly increased odds
of POTS-associated diagnoses 90 days after either a SARS-CoV-2in-
fection or a COVID-19 vaccination. However, the absolute rates of
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developing POTS were substantially higher after SARS-CoV-2 infec-
tion (2087 per 100 000) than after COVID-19 vaccination (268 per
100 000), corresponding to about a 5.3-fold greater risk following
infection.*°

Clinical Presentation
Inabout 30% to 40% of cases, the symptom onset of POTS is acute
after a viral or bacterial infection, typically within days to weeks.>2°
Based on an online, community-based, cross-sectional survey of
4835 individuals with POTS, other reported antecedent events pre-
ceding the onset of POTS symptoms included major surgery (12%),
pregnancy (9%), vaccination of any type (6%), and physical trauma,
such as concussion or traumatic brain injury (4%).3

Patients with POTS typically have chronic symptoms of ortho-
static intolerance—defined as symptoms that occur during upright
posture and improve with recumbency, including lightheaded-
ness, palpitations, fatigue, and presyncope and excessive ortho-
static tachycardia upon standing. In addition to orthostatic tachy-
cardia, patients with POTS have symptoms caused by reduced
cardiac preload and maladaptive hyperadrenergic response. In the
aforementioned online survey of 4835 individuals with POTS, cog-
nitive impairment (or brain fog), was frequently reported as diffi-
culties with concentration (94%) and memory problems (87%).3
Neuropsychological studies of patients with POTS suggest more se-
lective deficits in domains such as attention and processing speed
than among healthy controls; however, overall cognitive perfor-
mance often overlaps with wide normal range from normative data,
despite subjective cognitive concerns.>#243 Although individual
symptoms may fluctuate in severity over time, a cross-sectional sur-
vey of 227 patients with pediatric POTS reported chronic fatigue
(97%) and exercise intolerance (83%), defined as the reduced abil-
ity to perform activities due to various symptoms.*# In addition, pa-
tients frequently exhibit hyperadrenergic symptoms such as sinus
tachycardia (88%). insomnia (73%). and excessive sweating (43%).%”
Gastrointestinal symptoms including nausea, epigastric pain, bloat-
ing, and alternating constipation and diarrhea were reported in up
to 90% of patients in the aforementioned survey of 4835 individu-
alswith POTS,? and about 30% also had a diagnosis of irritable bowel
syndrome.?

Assessment and Diagnosis

The diagnosis of POTS requires symptoms of orthostatic intoler-
ance for at least 3 months and, per the consensus criteria from the
Canadian Cardiovascular Society, a sustained heart rate increase of
atleast 30 beats/min (=40 beats/mininindividuals aged 12-19 years)
within 10 minutes of assuming an upright posture (Box).38414>46
The diagnosis of POTS also requires that tachycardia occurs with-
outssignificant orthostatic hypotension, defined by a sustained blood
pressure decrease of more than 20/10 mm Hg. Resting supine heart
rateis typically normal or only mildly elevated (and within the broad
normal range); high resting heart rate (>100 beats/min) should
prompt evaluation with a Holter monitor for alternative diagnoses
such as inappropriate sinus tachycardia or other cardiac arrhyth-
mias (such as atrial tachycardia). The differential diagnosis in-
cludes other medical conditions (eg, cardiomyopathy, hyperthy-
roidism, alcohol withdrawal, and Addison disease) and medications
that increase heart rate (eg, such as stimulants, norepinephrine
reuptake inhibitors, diuretics, and vasodilators),*” and transient
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states such as acute infection, acute dehydration, or short-termre-
ductions in physical activity (eg, following an acute illness or hospi-
talization).

A detailed history should focus on the onset and evolution of
symptoms, recent infections, potential triggers such as acute de-
hydration, allergies, neuropathic or autoimmune conditions, fam-
ily history of connective tissue or genetic disorders, and the effect
of symptoms on daily function. A thorough review of medications
is important, particularly for those that increase heart rate or im-
pair autonomic function such as stimulants, or norepinephrine
reuptake inhibitors,*® diuretics (eg, spironolactone or furose-
mide), venodilators (eg, nitrates), or anticholinergics. Physical
examination should include chest auscultation to evaluate for ab-
normal cardiac or pulmonary findings, abdominal examination
(eg, abdominal tenderness or bloating), inspection of the skin and
mucosal surfaces for dryness or rashes, assessment of motor
strength, sensory function, deep tendon reflexes to identify neu-
rological abnormalities, and evaluation for joint hypermobility.

Patients being evaluated for POTS typically undergo electro-
cardiography, complete blood count, metabolic panel, serum cor-
tisol level to exclude adrenal insufficiency, and thyroid function test-
ing to evaluate for hyperthyroidism. Additional testing, including
echocardiography, Holter monitoring, or testing for pheochromo-
cytoma, may be performed in certain patients based on suggestive
clinical findings.

After these conditions are excluded, patients being evaluated for
POTS should undergo testing to assess changes in heart rate that oc-
curwith achangein position from lying down to standing up. This po-
sitional testing can be performed with a tilt-table test, the criterion
standard test that is performed in a medical setting, or an active stand
test, which can be done in the primary care setting. A tilt-table test
may be helpful when patients are unable to stand unsupported, if
symptoms are difficult to reproduce, or when confirmation of the di-
agnosis is needed. The active stand test, which replicates real-life
movement, is sufficient for diagnosis of POTS in many cases. During
this test, after establishing the baseline heart rate in a supine posi-
tion for 5 to 10 minutes, patients stand up quickly and remain stand-
ing for 10 minutes. Heart rate, blood pressure, and symptoms are re-
corded every minute, and the diagnosis of POTS is confirmed if the
heart rate increase of at least 30 beats/min (=40 beats/min in ado-
lescents) is sustained for 2 or more consecutive measurements
throughout the 10-minute period without orthostatic hypotension,
defined by a systolic blood pressure (BP) decrease of at least 20 mm
Hg and/or diastolic BP decrease of at least 10 mm Hg.*! Patients whose
heart rateincreases more than 30 beats/min (=40 beats/mininado-
lescents) early after standing, but then normalizes, do not meet the
orthostatic tachycardia criteria for POTS (Figure 2).

For patients with an uncertain diagnosis orinadequate initial re-
sponse to therapy for POTS, specialized autonomic testing may be
considered. Additional testing may include autonomic function tests
to assess cardiovagal and sympathetic baroreflex function, quanti-
tative sudomotor axon reflex testing, which measures sweat re-
sponse to acetylcholine via the autonomic nervous system, and cu-
taneous nerve biopsy to evaluate for small fiber and autonomic
neuropathy. Although these specialized tests are not required for
the diagnosis of POTS, they can identify associated neurological dis-
orders and prompt a targeted evaluation for potentially treatable un-
derlying causes such as diabetes or autoimmune diseases.

jama.com
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Overlapping Syndromes

Patients with POTS often have at least 1 medical condition that may
contribute to their symptoms. In a large international online pa-
tient survey involving 4835 patients mainly from North America, 83%
of patients had 1 or more comorbidity.> Conditions that are com-
monly associated with or overlapping with POTS are summarized
in Table 1.4974

Treatment

The primary treatment goal is to improve daily functional capacity
and quality of life rather than to normalize heart rate or eliminate
all POTS symptoms. Functional goals can be assessed with out-
comes such as the ability to perform activities of daily living, in-
creases in daily step counts, or decreased absences from work or
school. It is useful to prioritize treatment of the most debilitating
symptoms during each clinic visit.

Nonpharmacological Treatments

Structured Exercise | Structured exercise training under some
supervision is a first-line therapy for POTS (Box).*"*> Exercise
increases venous return, cardiac preload, and stroke volume,
which has been associated with improvements in orthostatic
tachycardia, standing intolerance, and quality of life. However,
overexertion can exacerbate symptoms of POTS; a supervised
exercise program by physical therapists or exercise physiologists
is strongly recommended.*"** Exercise should be initially per-
formed in a recumbent or horizontal position (eg, recumbent
bike, swimming, rowing) to minimize orthostatic symptoms.
Intensity of cardiovascular training and degree of upright position
should be gradually increased based on individual tolerance.
Many experts recommend resistance training in lower extremities
and core muscles in the early phase of exercise training, which
can enhance venous return via skeletal muscle pump mecha-
nisms, but high-quality evidence supporting specific resistance
training protocols is limited (Table 2).7>!

Although guidelines from 2015 Heart Rhythm Society and
2020 Canadian Cardiovascular Society statements advocate exer-
cise training for POTS, the seminal work was from a nonrandom-
ized before-after study, in which 19 patients with POTS com-
pleted a 3-month structured, supervised aerobic exercise
program.”® Exercise training increased stroke volume, expanded
blood volume by 7%, increased left ventricular mass by 12%,
reduced orthostatic heart rate, and improved patient-reported
quality of life.”” This study focused on aerobic reconditioning with
nonupright exercise, using a rowing machine, a recumbent bike,
or swimming, with a small amount of resistance training focused
on weightlifting up to twice weekly.

Thereis only 1published randomized clinical trial and several pro-
spective cohort studies published about exercise in POTS 3841457576
In arandomized clinical trial”® of 49 patients, a 12-week semisuper-
vised exercise program (8 supervised sessions combined with home-
based training) demonstrated clinically meaningful improvements
in peak oxygen (uptake increase of 3.4 mL/kg/min) compared with
standard care (3.4 mL/kg/min vs -0.2 mL/kg/min; P < .001), peak
workload (19 W vs O W), improved orthostatic intolerance sub-
scores (-1.98 vs -0.81; P = .02), but did not change the total
Composite Autonomic Symptom Score-31(-11.4 vs -6.5; P = .09).
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Figure 2. Algorithm for the Investigation and Management of POTS
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Evaluation for postural orthostatic tachycardia syndrome (POTS)

medication-induced tachycardia, anemia, d

Patient history

* Onset, evolution, and pattern of signs and symptoms

« Triggering factors (eg, acute dehydration or allergies)

¢ Medical and surgical history

* Review of medications (eg, stimulants,
norepinephrine reuptake inhibitors, diuretics,
venodilators, or anticolinergics)

Exclude alternative diagnoses including cardiac arrhythmias, structural heart disorders, endocrine disorders,

r gastrointestinal disorders

Physical examination

¢ Including chest auscultation, evaluation of joint
hypermobility, and neurological, abdominal,
musculoskeletal, and skin examinations

Laboratory testing

* Complete blood count

« Comprehensive metabolic panel
e Thyroid function testing

* Serum cortisol level

« Electrocardiography

« Consider Holter monitor

Orthostatic testing to confirm POTS diagnosis

10-minute active stand test -~ or

------ Head-up tilt-table test

Heart rate increase 230 beats/min (240 beats/min if patient

is aged 12-19 y) within 10 min of standing or tilt

Absence or orthostatic hypotension (systolic blood pressure drops
<20 mm Hg and diastolic blood pressure drops <10 mm Hg)

v

Treatments for POTS

Nonpharmacological treatments

Structured exercise training

 Focus on recumbent aerobic exercise
with gradual progression to upright
exercise as tolerated

Increase sodium and water intake
* 10 g/d sodium chloride
(2 tsp table salt)
* 4 g/d sodium ions
¢ >3 L/d water

Vasoconstriction
for orthostatic intolerance
* Midodrine

Heart rate inhibition
for prominent tachycardia
* Propranolol o |vabradine

Compression garments

* Lower-body compression with
high-waisted tights, body-shaping
garments over abdomen and pelvis,
or bicycle shorts

Pharmacological treatments guided by predominant physiological disturbance and symptom profile (see Table 3)
Blood volume expansion
« Fludrocortisone

* Desmopressin

Behavioral and dietary modifications

 Patient self-monitoring to track symptoms,
vital signs, blood pressure, diet, and exercise

* Avoid symptoms triggers such as heat, dehydration,
alcohol, and prolonged standing or sitting

Central sympatholytic medication
for hyperadrenergic state

* Methyldopa e« Guanfacine  Clonidine

p
Remove medications that can worsen POTS symptoms (eg, vasodilators, diuretics, nitrates, stimulants, tricyclic antidepressants, and a-blockers) as clinically appropriate.
Add in other treatments as needed, stop only for intolerable adverse effects, and consider referral to a POTS specialist for further investigation and treatment.

U

L

Partial patient improvement
Optimize nonpharmacological treatments
Reassess and adjust functional goals

Consider combination
pharmacological treatment

Reassess improvement in 4 to 12 wk

Adequate patient improvement

Improvement in symptom burden

and orthostatic tolerance, and

progression of functional goals
Continue current treatments
Reassess as needed

Persistent disability of intolerance
Reevaluate diagnosis and contributing factors
Consider additional testing such as full autonomic reflex tests, cutaneous nerve
biopsy, and transcranial Doppler

Review treatment adherence and comorbidities

Consider specialty referral based on clinical factors

Cardiology: Structural heart disease suspected, arrhythmias, or nonupright tachycardia
Neurology: Focal weakness, sensory symptoms, or neuropathic features
Gastroenterology: Significant nausea, vomiting, early satiety, or suspected
gastrointestinal dysmotility

Allergy/immunology: Multiple allergies or suspected mast cell activation

Autonomic specialist: Diagnostic uncertainty or complex or refractory symptoms

Therole physical score from the 36-Item Short Form Health Survey
(SF-36) improved significantly (26 vs 5; P = .03).

Blood Volume Expansion | To increase cardiac preload, expansion of
intravascular plasma volume with a liberal intake of water and
dietary salt is the guideline-recommended treatment for patients
with POTS. The 2015 Heart Rhythm Society consensus statement*®
recommends intake of 2 to 3 L of water daily and 10 to 12 g salt
daily (class b, weak recommendation) for patients with POTS who
have normal kidney function. In a randomized crossover trial of 14

JAMA Published online August 24,2026

patients with POTS, a high dietary sodium intake (300 mEq/d)
increased plasma volume by approximately 6% and improved
orthostatic tachycardia by approximately 10 beats/min, which are
clinically meaningful changes.”” Other studies have replicated
these results,32-%4 but there is limited evidence on the optimal dos-
age, formulation, and duration of sodium and water intake. Experts
often recommend adding extra salt (10 g [2 tsp daily]) to food,
which is usually well tolerated by patients with POTS. Some experts
favor use of an oral rehydration solution due to a theoretical risk of
gastrointestinal intolerance and osmotic diarrhea with salt tablets,
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although comparative evidence remains limited.8> Buffered, or
slow-release, sodium tablets are usually well tolerated, but they are
more expensive than regular table salt. In an observational study of
57 patients with refractory POTS, defined as persistent symptoms
despite at least 1 pharmacological intervention, acute volume load-
ing with intermittent intravenous (IV) saline bolus infusion, was
associated with significant improvements in Orthostatic Hypoten-
sion Questionnaire scores (mean change, 3.1 points) and SF-36
quality-of-life scores (mean change, 19.1 [SD, 2.7] points, exceeding
the generally accepted minimally clinically important difference of
>1 point; higher scores indicate worse symptoms).&4 Similar find-
ings have been reported in smaller observational studies.8+85-88
However, due to potential risks of infection and thrombosis related
to chronic central venous access, the 2015 Heart Rhythm Society
consensus statement recommends IV saline infusionup to 2 L at a
time only for infrequent, short-term worsening of symptoms (class
Ila, moderate recommendation) and advised against long-term IV
infusion of saline (class Ill, not recommended).**

Compression Garments | Compression garments, including compres-
sion tights and abdominal binders, provide external counter-
pressure and decrease venous pooling in the splanchnic and lower
extremity circulation and increase cardiac preload. In a random-
ized crossover tilt-test study of 30 patients with POTS, lower-body
compression (abdomen and legs) reduced the mean (SD) upright
heart rate from 109 (19) beats/min to 92 (14) beats/min (P < .001)
and the orthostatic increase in heart rate from 23 (11) beats/min to
39 (18) beats/min (P < .001), yielding a clinically meaningful im-
provement in orthostatic symptoms (composite symptom score,
26 [17]1 vs 12 [10]; P < .001; with a higher score representing more
symptoms).”® In ahome-based study of 26 patients using commer-
cially available compression tights, participants completed 4, 10-
minute active stand tests in the morning and afternoon with and
without compression tights. Use of high-waisted compression tights
while not taking POTS medications reduced orthostatic tachycar-
dia from a clinically significant median of 44 beats/min to 24 beats/
min (P < .001), and garment removal increased tachycardia from 28
beats/min to 33 beats/min (P < .004). Orthostatic symptoms were
significantly improved both in the morning (P < .001) and after-
noon (P = .005) with use of compression garments.”® Even when
taking medications for POTS, orthostatic tachycardia (89 beats/
min-84 beats/min; P < .001) and symptoms (P = .03) improved with
lower-body compression.”®

Abdomen-only compression was also shown to be effective in
18 female patients with POTS, with a clinically meaningful reduc-
tion in morning orthostatic tachycardia from a median of 41 beats/
min to 27 beats/min (P < .001).8° Similar findings were reported in
a crossover study of 23 adolescents with POTS (13 males and 10
females; mean [SD] age, 13.4 [0.8] years), in which abdominal com-
pression reduced orthostatic tachycardia (median heart rate changes,
30 beats/min to 41 beats/min; P < .01), improved stroke volume ra-
tio (0.76 vs 0.64; P < .01), and improved orthostatic symptoms (all
P < .05).82 Compression garments may be used continuously or as
needed, particularly when daily use is poorly tolerated in hot or hu-
mid environments. Experts often recommend high-waist compres-
sion athletic wear (eg, triathlon tights, with 15-18 mm Hg of com-
pression) during daytime activities. However, body-shaping
garments covering the upper thigh to the bottom of the ribs or

jama.com
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compression bicycle shorts may be better tolerated in warmer
environments.®°

Behavioral and Dietary Modifications | The goal of behavioral modi-
fications for POTS is to reduce symptom triggers and improve ve-
nous return. Patients should avoid heat exposure, particularly in hu-
mid environments because heat can cause peripheral vasodilation
and reduce central blood volume.®° In addition, patients with POTS
should avoid dehydration, alcohol consumption, and prolonged
standing or sitting, which can induce orthostatic intolerance symp-
toms; patients should be encouraged to periodically use physical
countermeasures, such asleg crossing, squatting, orisometric muscle
tensing, to augment venous return. Patients with cognitive symp-
toms should be encouraged to pace activities, optimize sleep hy-
giene, and perform cognitively demanding tasks when experienc-
ing fewer POTS symptoms.

Large and high-carbohydrate meals should be avoided be-
cause they can cause postprandial lightheadedness, likely due toin-
creased splanchnic blood pooling and reduced central blood
volume.”!

Pharmacological Treatments

Pharmacological therapy may be prescribed along with nonphar-
macological measures, particularly in patients with persistent or func-
tion-limiting POTS symptoms (Box). Although there are currently no
medications for the treatment of POTS that have been approved by
the US Food and Drug Administration, several classes of medica-
tions are commonly used off-label, including heart rate-lowering
medications, vasoconstrictors, blood volume expanders, and sym-
patholytic medications (Table 3).#14>8192102 Medication selection
is often guided by the predominant physiological disturbance and
symptom profile (Figure 2). For example, medications that reduce
heart rate may be used in patients with POTS who have prominent
tachycardia, whereas vasoconstrictors may be considered for those
with marked orthostatic intolerance and relatively low systolic blood
pressure (eg, <105 mm Hg). Patients with prominent tachycardia may
be treated with medications that reduce heart rate such as ivabra-
dine (5 mgtwice daily) or low-dose propranolol (10 mg4 times daily).
For patients with marked orthostatic intolerance and relatively low
blood pressure, vasoconstrictors such as midodrine (5 mg <3 times
daily) may be considered as an initial medication to support blood
pressure.

For patients with POTS whose symptoms do not improve or
worsen with monotherapy, medications from other classes (heart
rate lowering or vasoconstriction) or a blood volume expander
(eg. fludrocortisone or desmopressin) should be added to the ini-
tial medications, unless the initial medication was not tolerated. In
patients with symptoms suggestive of a hyperadrenergic state
(eg. nocturnal tachycardia, palpitations, sweating, shaking, or acute
feelings of panic), a central sympatholytic medication may be added
(eg, methyldopa, guanfacine, or clonidine). Pharmacological treat-
ment options for POTS are summarized in Table 3.

Prognosis

Long-term follow-up data have historically been lacking, but re-
cently published studies provide data about prognosis in pediatric
and adult patients with POTS. In a Children’s Hospital of Philadelphia
POTS Program survey study of 227 patients (mean age, 21.8 years;
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median age at POTS symptoms onset, 13 years [IQR, 11-14 years]) who
were diagnosed with POTS at age 18 years or younger, the mean
symptom duration was 9.6 years.>” Commonly reported symptoms
were fatigue, dizziness, tachycardia, lightheadedness, brain fog,
headache, and exercise intolerance. Among these survey respon-
dents, atleast 10 symptoms were reported by 85%, with higher rates
among females than males (88.1% vs 63.6%, P < .001), and nearly
90% continued nonpharmacological therapy (eg, increased fluid or
salt intake and exercise) to treat POTS symptoms.>”

In a survey of 44 adult patients (98% female, mean age, 46
years), from the Vanderbilt University Autonomic Dysfunction Cen-
ter at a median of 23 years from POTS symptom onset (and a me-
dian of 17 years after POTS diagnosis), only 2% reported resolution
of symptoms. POTS symptoms improved in 46%, worsened in 25%,
were unchanged in 11%, and had a variable course in 16%.'°

Although there are limited studies reporting survival data,
POTS does not appear to be associated with increased mortality.
However, POTS is associated with substantial functional impair-
ment, reduced quality of life, and socioeconomic consequences. In
a survey of 5556 participants with POTS (90% US respondents),
RAND-36 Measure of Health-Related Quality of Life scores demon-
strated impairment across multiple domains, and more than 70%
reported loss of income due to their POTS symptoms.* In a 2021
cohort study that included 526 patients with post-COVID-19 condi-
tion (long COVID) associated with autonomic dysfunction and
POTS, the median duration of symptoms was 36 months, and
37.5% of patients were unable to maintain employment or aca-
demic enroliment.®

Practical Considerations

Patients with POTS should receive treatment for coexisting dis-
eases, including gastrointestinal dysmotility, sleep disturbance, and
cognitive dysfunction, and may require referral to specialists for these
conditions.

Medications that may exacerbate orthostatic intolerance or
tachycardia such as amphetamines, atomoxetine, or spironolac-
tone should be discontinued or adjusted on an individual basis if pos-
sible (Table 4). For patients with attention-deficit/hyperactivity dis-
order (ADHD) and POTS, guanfacine may be considered because it
does not increase heart rate.
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Careful titration of medications to treat symptoms of POTS can
help to reduce adverse effects. Short-acting agents such as mido-
drine or propranolol, which have a duration of action of about 4
hours, can be taken at only certain times of day when symptoms are
worse, or before periods of anticipated activity (eg, exercise) rather
than on a fixed schedule. This flexible dosing strategy can decrease
adverse effects and maximize functional benefits.

Although there are no guideline recommendations about rou-
tinely obtaining orthostatic vital signs in the follow-up visits of
patients with POTS, some physicians reassess orthostatic vital
signs at follow-up clinic visits to combine objective data with
patient symptoms. Wearable monitors can provide additional real-
world information about heart rate control that can guide changes
in pharmacotherapy.

Primary care clinicians may diagnose POTS and initiate thera-
pies. However, referral to a specialist (often neuromuscular special-
ists or cardiologists with expertise in treating POTS) should be con-
sidered for patients with diagnostic uncertainty, atypical features,
or persistent POTS symptoms despite initial therapy (Figure 2).

Limitations

This review has several limitations. First, the quality of evidence was
not formally assessed. Second, some relevant articles may have been
missed. Third, evidence about treatment of POTS is primarily derived
from small, single-center cohort studies and case series. Fourth, use
of data from tertiary autonomic centers introduces potential referral
bias because these patients often have refractory POTS, and may not
be generalizable to patients presenting to primary care clinicians.

. |
Conclusions

POTS s a chronic autonomic disorder associated with functional im-
pairment and reduced quality of life that is diagnosed based on char-
acteristic orthostatic symptoms in the absence of orthostatic hypo-
tension after excluding alternative causes of sinus tachycardia.
Treatment involves nonpharmacological measures (such as in-
creased fluid and sodium intake), lower-body compression gar-
ments, structured exercise training, and individualized pharmaco-
logical therapy.
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